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ABSTRACT: We investigate giant magnetoelectric coupling at a Mn*" spin crossover in
[Mn"L]BPh, (L = (3,5-diBr-sal),323) with a field-induced permanent switching of the
structural, electric, and magnetic properties. An applied magnetic field induces a first-order
phase transition from a high spin/low spin (HS-LS) ordered phase to a HS-only phase at
87.5 K that remains after the field is removed. We observe this unusual effect for DC
magnetic fields as low as 8.7 T. The spin-state switching driven by the magnetic field in the
bistable molecular material is accompanied by a change in electric polarization amplitude
and direction due to a symmetry-breaking phase transition between polar space groups.
The magnetoelectric coupling occurs due to a 17> coupling between the order parameter y
related to the spin-state bistability and the symmetry-breaking order parameter 7
responsible for the change of symmetry between polar structural phases. We also observe
conductivity occurring during the spin crossover and evaluate the possibility that it results
from conducting phase boundaries. We perform ab initio calculations to understand the
origin of the electric polarization change as well as the conductivity during the spin

Electric Properties

crossover. Thus, we demonstrate a giant magnetoelectric effect with a field-induced electric polarization change that is 1/10 of the

record for any material.

Bl INTRODUCTION

Magnetoelectric (ME) coupling occurs when the magnetic
field H influences the electric polarization P and dielectric
constant and/or the electric field E influences the magnet-
ization M. Applications include electric control of magnetic
qubits as well as magnetic sensors, data storage, tunable
antennas, and other frequency devices.'”> ME coupling is
sought after in insulating materials since the large power
dissipation from electric currents in conducting materials is
eliminated.”*™® To date, the necessary materials to satisfy all
needed applications of ME coupling have not been found.
Traditionally, it has been common to study ME coupling in
inorganic oxides with ordered magnetic spin orientations, such
as (anti)ferromagnets.”'® Here we demonstrate ME coupling
in a molecule-based spin crossover (SCO) complex exhibiting
magnetic-field-driven spin-state bistability.

In general, SCO occurs in transition-metal complexes with
d*—d’ electrons, such as the S = 1 to S = 2 transition in Jahn—
Teller active Mn*".""~'® SCO is attractive for ME coupling
since it can trigger large changes in lattice parameters due to
the change in the orbital occupancy of d-shell ions. SCO
complexes containing Mn®" are particularly interesting due to
the additional strain from Jahn—Teller effects in the HS state.
SCO behavior is common mostly between ~50 and 400 K in
metal complexes with organic ligands since they can often
accommodate the strain.'”'%'¥72¢
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Most metal—organic complexes that exhibit SCO are
paramagnets; for example, there is no magnetic exchange
that is significant compared to the energy scales of the SCO.
However, spin crossover materials can show cooperative phase
transitions since the spin states can couple to each other via
strain,' "

ME coupling in SCO materials is a relatively new field and
has been reported in a few compounds including Mn(taa)**~*
(H-induced AP), [Fe(Htrz),(trz)](BE,),”® and [Fe(H,B-
(pz),),(bipy)]*” (E-induced AM). Another compound, [Fe-
(bpp),]**, shows ferroelectric and spin crossover behavior
though coupling has not yet been demonstrated.”® Magnetic-
field-induced SCO has a longer history and has been studied in
a number of materials. Most of these exhibit partial SCOs at
very high magnetic fields (>30 T) achieved by pulsed
rnagnets.n’zg_35 Recently, subnanometer SCO devices have
been demonstrated with very fast switching speeds and no
degradation after 10” cycles above room temperature, making
these attractive for switching applications.’**” SCOs in hybrid
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a 250K, Cc y, b 110K, Pc

Figure 1. Packing diagrams of [Mn™L]BPh, (1) with (a) HS Cc phase measured at 250 K, (b) HS Pc phase measured at 110 K, and (c) HS—LS P1
phase measured at 83 K. Mn®* atoms are represented as polyhedra made up from six chelating donor atoms in (a—c), color-coded according to spin
state as red (S = 2), yellow (S = 2), blue (S = 1), and green (S = 1). Structures are shown as stick figures. Donor atoms and the boron atom in the
counteranion BPh,~ are shown as ball-and-stick figures. Hydrogen atoms are omitted for clarity. The ionic centers are labeled (+, orange) and (—,
blue). The thin dashed quadrilaterals show the distance between the cationic and anionic part of the molecule. The calculated direction and relative
magnitude of bulk electric polarization P in the same reference frame (shown by the inset Cartesian coordinate axes) for all three phases are
represented by the pink arrows below each subfigure and have a component along the b-axis only in the P1 phase. The packing diagrams with P in
other orientations can be found in Figures S1—S3.
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Figure 2. (a) yyT vs T of a single crystal for Hllc = 0.1 T with a zoomed-in view in the inset. (b) M vs y,H (red points) showing a hysteretic H-
induced SCO. Data were taken at T = 87.5 K with a history of warming from 70 K, measured for H swept from 0 to 13 T (1), 13 T to —13 T (2),
—13t0o 13 T (3),and 13 to 0 T (4) at 0.01 T s™*. The Brillouin functions for HS S = 2 and for the HS—LS ordered state with a 1:1 ratio of the S =
1 and the S = 2 states are shown as dotted lines. The data show the SCO from the HS—LS ordered state to the HS state at 8.7 T on the first
upsweep, and then the system remains in the HS state for the subsequent field sweeps. (c) M(yoH) from 0 T—13 T—0 T at different temperatures
T as indicated. M(poH) is measured with a history of warming from 70 K to the desired T as shown. (d) Same data plotted as M/poH for clarity.
The H-induced SCO behavior can be seen at 87.5 and 87.25 K (thicker lines). (e) AP vs T at H = 0. (f) AP vs yoH under the same experimental
conditions of warming from 70 K. At 88.4 K, AP is shown twice to demonstrate the reproducibility of the switching. The jumps during the
transition in AP are not noise; rather, they are observed in several different crystals and are likely due to polar domain reorientations. All data were
measured with the long axis of the crystal, the c-axis in phase Cc, parallel to the field. Different samples were used in (a, b) and (c—f), resulting in
different critical fields.

configurations with ferroelectrics or piezoelectrics are also a [Mn(3,5-diBr-sal),323]BPh, (abbreviated [Mn™L]BPh,
route to ME coupling, analogous to similar work in (1)).*' The SCO is coupled to a structural phase transition
oxides.”*™* between different polar space groups, resulting in a very large
Here we report ME coupling at a cooperative SCO at a ME coupling. This material was previously reported to show an
relatively low field of 8.7 T in the mononuclear Mn** complex incomplete thermal SCO centered at 86 K between an S = 2/S
B https://dx.doi.org/10.1021/acs.inorgchem.0c02789

Inorg. Chem. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig1&ref=pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.inorgchem.0c02789/suppl_file/ic0c02789_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.inorgchem.0c02789?fig=fig2&ref=pdf
pubs.acs.org/IC?ref=pdf
https://dx.doi.org/10.1021/acs.inorgchem.0c02789?ref=pdf

Inorganic Chemistry

pubs.acs.org/IC

2 5_Brillouin function -7 - 60
“h--8=275K -7
- --s=295K ay” 50§
2.04.... s=1275K .~ AT ) .. 1 Hysteresis
P $=1295K." = 40
3 15 . VAL T s o
Ef ol g5 K,,' "__,fé's‘}gz.s K } ° AM (u.,H).t I
s * /L 201s AP (4,H) .
< ’ 4 " o.
051 A 83K 10{= AM (H)| HS-LS "
oo Upsweep 0L AP (H)
0.6] c 775K 60
0.5 50
L2
«— 0.4 40 Hysteresis
£ o3l =
o T 30 "
E 0.2] = 5
= 20 - (]
e g1 4 DC M(u,H)
005 10 HsLs ~ _*
01 90K 70K72.5K75.3K LD

0 10 20 30 40 50 60 O

10 20 30 40 50 60 70 75 80 85 90 95
M H (T) HoH (T)

T(K)

Figure 3. M(H) in pulsed magnetic fields for (a) rising fields and (b) falling fields at different temperatures T as indicated after a history of cooling
from 110 K. Dashed lines are Brillouin functions for the HS states (S = 2) with the upper blue and lower red lines for a given spin state
corresponding to the lower and higher T, respectively. Similarly, short dashed lines show the Brillouin functions for the HS—LS ordered state. (c)
AP(H) in a pulsed magnet for (c) rising fields and (d) falling fields. Data are measured after a history of cooling from 110 K to the final
measurement T between every magnetic field pulse. Corresponding data with warming history are shown in Figures S9 and S10. (e) Pulsed field
H—-T phase diagram showing the HS—LS ordered and HS states and the region of hysteresis in the first-order H-induced phase transition. Data are
shown for a history of cooling from 110 K and warming from 70 K for (f). Data points in the phase diagram are determined from the midpoint in
the H of the transition for pulsed field polarization (red dots) and magnetization curves (black dots), respectively. Arrows in the legend indicate
whether H is sweeping up or down. Oscillations in the downsweep data are due to mechanical vibrations.

= 1 state (HS—LS) and a higher temperature (>90 K) pure S =
2 (HS) state of Mn*'. The low-temperature phase is a polar P1
phase with a structurally ordered 1:1 ratio of LS and HS Mn**
sites, while the higher temperature phase in space group Pc
contains two HS Mn*" sites (Figure la—c). An additional Cc
HS phase forms above 250 K. We present electric polarization
and magnetization experiments on single crystals in DC fields
up to 13 T as well as millisecond pulsed fields up to 65 T along
with ab initio calculations of the magnitude and directions of
the electric polarization vector (Figure la—c).

B RESULTS AND DISCUSSION

Magnetization and Electric Polarization. The magnetic
susceptibility of a single crystal of 1, plotted as yyT vs T,
manifests a SCO as a sharp increase in yT centered at 88 K
on warming (T;,,T = 88 K) and at 86 K on cooling (T, ,,| =
86 K). Values of yyT are consistent with the HS—LS and HS
spin states (Figure 2a)."" M(H) was measured at T = 87.5 Kin
DC fields while H was swept from 0 = 13 - =13 - 13 = 0
T. The Brillouin functions in the HS—LS and HS states are
shown as dotted lines. The slight deviation from the data is
consistent with demagnetization factors in this irregular crystal
with sharp corners. These data show that after an applied
magnetic field switches the system to the HS state, the sample
remains in this HS state even if the magnetic field is removed
as long as temperature remains unchanged (Figure 2b).

H-induced SCO behavior has most often been reported
above 30 T, achieved with capacitor-driven pulsed mag-
nets.”>??3%* Thys, the observation of SCO behavior as low as
8.7 T is unusual.”® Moreover, the hysteretic “trapping” of the
HS state is also a significant finding. Such trapping is usually
only observed when these materials are exposed to light (light-
induced excited spin-state trapping (LIESST)).”~" In the
case of complex 1, the spin state is switched with a magnetic

field in a permanent hysteretic fashion. This permanent
switching can occur in two scenarios: (1) the system is
initially in the ordered spin (HS—LS) state in zero field at 87.5
K, but that state is a metastable excited state of the free energy
at zero field. The magnetic field then assists the transition
toward the HS stable state, which remains permanent after the
field is removed. Alternatively, in scenario (2) the HS—LS
ground state initially present at zero field transitions to a new
HS ground state in applied H. After removal of H, the system
remains trapped in the now metastable excited HS state. The
latter case could be termed magnetic-field-induced spin-state
trapping (MIESST).

One example was shown in a figure by Nakano et al.”™ but
was not investigated further. Such switching should, however,
be a general feature inside the region of bistability of the
temperature hysteresis.

We further investigate the H-induced switching at different
T in Figure 2¢,d. The data were taken with a history of
warming from 70 K to the measurement T, while data with a
cooling history from 110 K are shown in Figure S6. The data
demonstrate that the switching occurs for T = 87.25 and 87.5
K, in the immediate vicinity of T..

We have considered and eliminated several potential
artifacts that could contribute to the permanent switching: T
was kept stable during the measurement; the data are
independent of the H sweep rate for dH/dt = 2, 5, and 10
mT s™' (see Figures S7 and S8); and the possibility of
substrate strain contributing to the hysteresis was eliminated
by also measuring loose crystals, as described in the Supporting
Information.

The ME coupling is investigated in Figure 2e,f, showing the
electric polarization change AP along the c-axis that
accompanies the SCO as a function of T and H, respectively.
Similar to M, AP shows trapping of the HS state after removal
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of H. The steps and breadth of the transition in P were
reproduced in several samples—they may result from polar
domain reorientations. Indeed, in the Pc HS phase, P lies in the
ac-plane, while in the P1 phase two ferroelastic domains form
with an additional component of P along +b due to the loss of
the glide plane.

Notably AP(H) in 1 is giant—of the same order of
magnitude as in Mn(taa),* significantly larger than that of
most molecule-based magnetic materials, ™' and about 1/10
of the record for any material.”* Additional electric polarization
and dielectric constant data are shown in the Supporting
Information along with an extended discussion of how artifacts
are ruled out.

Magnetic and electric properties in high fields using
capacitor-driven pulsed magnets were also measured to explore
the phase diagram over a broader T and H range. Figure 3
shows AM(H) and AP(H) up to 65 T. In Figure 3a,b, AM(H)
is shown for upsweeps and downsweeps of H together with the
Brillouin functions expected in the HS—LS ordered and HS
states. Here the high field can induce SCO also outside the
thermal region of bistability, down to 75 K in yoH up to 65 T.
AP(H) in pulsed fields is shown for up- and downsweeps of
the field (Figure 3c,d). AM(H) and AP(H) show transitions
consistent with each other.

In agreement with the DC field data, we observe an apparent
permanent switching effect in the data with a history of
warming. However, in evaluating H-induced switching effects,
we note that whereas we can be certain of T stability in DC
measurements by comparing data taken with different long
temperature stabilization times, we cannot guarantee T
stability in pulsed fields since there is limited time to
thermalize the sample. The SCO can generate heating or
cooling due to entropy changes or irreversible heating effects.
Thus, we report H-induced switching in DC fields but do not
confirm it in pulsed fields.

Phase Diagram. The phase transitions in DC and pulsed
fields are summarized in the H—T phase diagram in Figure 3e,f.
The H-induced SCO and its accompanying ME effects can be
observed for two T regimes: (1) within the region of bistability
and (2) outside it. Within the bistable region, the slope of the
H-T phase boundary is steepest. Because it is a first-order
phase transition, the two phases have similar energies separated
by an energy barrier. A change in H or T then alters the free
energy landscape until it becomes energetically favorable for
the new phase to overcome the barrier, nucleate, and
propagate.

The second T regime occurs outside the region of bistability,
well below T, ,. Here, the slope of the H—T phase boundary
abruptly becomes much shallower. In this T regime, there is a
free energy difference between the HS/LS and the HS state
that must be closed by the Zeeman effect, which determines
the slope of the phase diagram. Once the magnetic field closes
the free energy gap, the mechanism described in the previous
paragraph takes over. These two mechanisms can be expected
to create different slopes in the H—T phase diagram. From a
mean-field extrapolation we estimate that H needed to induce
the SCO at zero T in pulsed fields is ~150 T. Finally, we note
that in the compound Mn(taa) and other SCO materials with
first-order phase transitions, the transitions in pulsed magnets
are pushed to higher fields than in DC magnets because of the
competition between the speed of the pulse and the speed of
domain nucleation and growth.****~¢

One particularity of the present system is that we observe
ME coupling in a system with two coupled order parameters:
(1) the high spin fraction y and (2) the symmetry-breaking
structural order parameter 7 that describes the HS—LS order
and which is associated here with a ferroelastic shear as the
HS—LS order implies the loss of the ¢ glide plane. In the HS
phase, ¥ = 1 and n = 0, while in the HS—LS phase the
symmetry-allowed y;* coupling term stabilizes y = 1/2 and 17 #
0.7/ 1t is the coupling between the spin state and the
structure that causes the SCO to become a first-order phase
transition, as opposed to a gradual crossover. In the present
case, 77 allows for AP along a, b, and c. As H drives switching
from y = 1/2 to y = 1, y* also tunes a symmetry change
between the HS—LS ordered phase and the HS phase and
consequently the orientation of P.

Calculations of the Electric Polarization. The origin of
the measured AP along the c-axis is a structural phase
transition between polar space groups during which molecules
tilt and distort, with the Jahn—Teller distortion being a
dominant contribution.”’ Because of symmetry rules, the
polarization vector must be in the g,c-plane of the HS Cc and
Pc structures. As the ¢ glide plane is lost in the HS—LS P1
structure, the lattice vector b is no longer perpendicular to a
and ¢, which allows the polarization along b to become nonzero
and of opposite sign between the ferroelastic domains.

We have calculated AP by a density functional approach
based on the changes in crystal structures and spin states of 1
(Table 1). We perform these calculations for the three phases:

Table 1. Calculated AP of 1 in the Coordinate System of the
HS Cc Phase for All Three Structural Phases”

phase HS-LS HS HS
temperature 4-83 K 83-250 K >250 K
lattice triclinic monoclinic monoclinic
space group P1 (1) Pc (7) Cc (9)

P, (e Auc™) 4.78 3.72 2.74

P, (e Auc™) 0.29 0.00 0.00

P (e Auc™) 8.75 5.50 6.74

P, (mC m™2) 18.0 13.9 10.0

P, (mC m™) 1.10 0.00 0.00

P, (mC m™?) 33.0 20.6 24.7

“The values are given along the principal axes of the HT phase.

P1 (HS—LS) below 83 K, Pc (HS) between 83 and 250 K, and
Cc (HS) above 250 K.*' To compare AP, the calculations were
all performed in the unit cell orientation of the HS Cc phase.

The component of P along the b-axis (relative to the HS Cc
phase) is zero for both HS Cc and Pc phases while it has a
nonzero value of 1.1 mC m™> for the HS—LS ordered P1
phase. The calculated value is an order of magnitude larger
than the measured value. Such discrepancies are commonly
seen in ferroelectric materials and may result from domain
formation in the real crystal. In the present case we directly
observed the formation of ferroelastic domains with opposite
polarization components along the b-axis in X-ray diffraction
experiments.*' Thus, if domain-free crystals could be created,
even larger ME effects would be expected.

Conductivity during the SCO. We have investigated the
effects of applied electric fields E on the electric polarization.
At a constant T and H = 0, measurements of P(E) did not
show any ferroelectric hysteresis for E up to 200 kV m™". This
is very likely due to the fact that switching of the electric
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Figure 4. Evidence of conductivity during SCO (1). (a) Change in surface charge AQ as the temperature T is swept up and down between 65 and
100 K across the SCO temperature T} ,, measured while applying electric fields E of 0, 200, and —200 kV m™". (b) T vs time on the right axis and
AQ for E = 0 on the left axis corresponding to the data in (a). We interpret AQ as containing two components: a change in electric polarization AP
occurring at the SCO phase transition that is of similar size for increasing and decreasing T and a voltage induced current that occurs at the
moment of the phase transition. Standard errors are smaller than line widths. (c) (upper) the total DOS and projected DOS (PDOS) for (middle)
HS and (lower) LS Mn(3d) in the HS—LS ordered phase. Positive and negative values refer to the spin-majority and spin-minority channel,
respectively. The dashed orange and blue circles refer to HOMO and LUMO, respectively. In each case, zero energy is defined to be the Fermi
energy, and is located at the top of HOMO. (d) Same as (c) but for the h*-doped HS—LS ordered phase. Here, the dashed red circles indicates the
Fermi level. (e) Schematic of how extra charge at the phase boundary can create a polaron.

polarization is associated with switching of ferroelastic
domains. However, we do find conductivity occurring during
the SCO. Figure 4ab shows the change in charge AQ
measured while crossing the SCO as a function of T. The
quantity AQ is the total charge that flows to the sample’s
capacitor plates during a measurement and is usually equal to
the electric polarization change AP. However, here we refer to
this data as AQ rather than AP because we suspect there is an
additional contribution to the total charge from current passing
through the sample due to conductivity during the SCO. Figure
4a,b shows AQ(t) in a constant E of 0, 200, or —200 kV m™},
measured while T was swept up and down across T/,. The
AQ(t) plot reflects the expected AP when crossing the SCO,
plus an additional component occurring only at the SCO. This
second component follows the sign of E and is irreversible,
causing AQ at the SCO to climb with each successive T sweep.
Because it is unlikely that AP increases continuously to infinity,
it is more likely that the sample becomes conducting during
the process of the phase transition allowing charge to pass
through the sample. We estimate that the resistivity of the
millimeter-sized sample must drop to a few GQ (hundreds of
MQ-cm) during the SCO for this effect to occur. On the other
hand, the samples are robustly insulating with resistances greater
than TQ and loss tangents of <1 X 10 >outside the region of the
SCO. We were unable to capture the conducting phase by
pausing the temperature sweep.

Thus, a likely source of the conductivity is the dynamic
phase boundary that forms between the HS—LS ordered phase

and the HS phase during the reconstructive first-order phase
transition. This phase boundary is ferroelastic, and such phase
boundaries between polar phases can often be charged and/or
conducting,**37%

We performed density of states (DOS) calculations to
investigate the effect of extra charges at the phase boundary.
The extra charge can oxidize or reduce Mn*" to Mn** or Mn**,
respectively, depending on the sign of the charge. We focused
our calculations on the Mn** ions that transition from LS to
HS during the SCO. Figure 4c,d shows the DOS and the
projected density of state (PDOS) of Mn(3d) orbitals in the
HS—LS ordered phase and in the HS phase. If the phase
boundary is negatively charged, the added electron can only be
located at the lowest unoccupied molecular orbital (LUMO).
This is the spin-majority Mn(3d) orbital of the HS state (the
blue circle), whose spin state is unchanged during the phase
transition, making negatively-charged boundaries trivial. If the
boundary is positively charged, the added hole or positive
charge can be located at the highest occupied molecular orbital
(HOMO), which is the spin-majority Mn(3d) orbital set of the
HS or the spin-minority Mn(3d) of the LS (the orange circle).

Figure 4d shows the DOS results of the HS—LS ordered
phase with one h* per unit cell doped. The total magnetization
is 12.5 pp; namely, about 0.75 h* are doped on spin-minority
LS Mn**, and 0.25 h* are doped on spin-majority HS Mn**, so
that the LS Mn>" has high probability of being activated into
Mn*" with positively-charged boundaries. Furthermore, with

the doped charge, the HOMO with double degeneracy (the
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red circle) at each spin channel lies at the Fermi level because
there are two LS and two HS Mn®" in one unit cell. This does
not necessarily mean that a metallic band structure emerges at
the charged boundaries.**®” Rather, given the G resistance
and molecular nature of the crystal, we postulate conduction
by polaron hopping, which is the quasi-particle carrier in many
conductive molecules®® including SCO materials.”””" After
the optimization of the h'-doped structure, the splitting of
those peaks is only S meV for spin majority and 10 meV for
spin minority, respectively. This difference between two LS or
two HS Mn(3d) orbitals at the Fermi level is tiny. It indicates
that one unit cell cannot trap one hole at the measured
temperatures, and thus it is more likely that polarons are
dynamic with large sizes. During the SCO, the energy released
by the change in phonon spectrum and from the formation of
boundaries is large enough to generate polarons. Once a
positive polaron is formed, the activated Mn** transforms to
HS Mn*". Figure 4e displays how a LS Mn>* at the positively
charged boundaries becomes HS Mn*" and meanwhile
generates one positive polaron in the framework of our theory.
The diffusion of polarons can further activate nearby LS Mn**,
so that it accelerates the SCO with lower energy. To confirm
this, we excite one of two LS Mn>" into the HS with one h*
doping. The total energy increases by merely 8 meV. This
energy difference is smaller than that of the undoped situation
(22 meV) and is also smaller than the SCO energy per Mn
between the HS—LS ordered and HS phase (31 meV). It
indicates that the charged boundaries can reduce the energy
required for the SCO.

Bl CONCLUSION

In conclusion, we have demonstrated cross-coupling between
spin state, structure, and electric polarization in the Jahn Teller
complex [Mn""L]BPh,(1). Near the SCO critical temperature,
we observe magnetic-field-induced permanent switching of the
spin state, structure, and electric polarization due to a first-
order phase transition. The SCO behavior, monitored through
the evolution of the HS fraction y from 1/2 to 1, is driven by a
field as low as 8.7 T, which is remarkably low compared to
most other magnetic-field-induced SCO materials. Because of
the yn* coupling, the HS state stabilizes the high-symmetry
phase with 7 = 0 and consequently suppresses the polarization
component along the b-axis. We also note that conductivity is
observed during the SCO, though not outside of it, and likely
originates from polaron hopping at the charged phase
boundaries forming during the first-order reconstructive
phase transition that accompanies the SCO. AP(H) is 1/10
of the record for any material.’>> Thus, the combination of
relatively low magnetic field switching and giant ME coupling
showcases the potential for multifunctionality and applications
in SCO materials.
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