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Central Dogma in thermally-driven SCO

e Entropy difference between HS and LS is
dominated by vibrational contribution.

e Totally-symmetric breathing mode is
Important.

Spin-crossover temperature

TI/2 = AtrsH / AtrsS
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Field-induced SCO in [Mn!(taa)]

The effect of a magnetic field on the inversion temperature of a
spin crossover compound revisited

Yann Garcia?, Olivier Kahn?, Jean-Pierre Ader ®>*, Alexandre Buzdin®,
Yann Meurdesoif °, Maurice Guillot
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Field-induced SCO in [Mn'(taa)]

The eff{ First Manganese(III) Spin Crossover and First d*
Crossover. Comment on Cytochrome Oxidase

Yam P, Greig Sim and Ekk Sinn*
J. Am. Chem. Soc. 1981, 103, 241-243 |5_1s4
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Field-induced SCO in [Mn!(taa)]

The effect of a magnetic field on the inversion temperature of a
spin crossover compound revisited

Yann Garcia®, Olivier Kahn?, Jean-Pierre Ader **, Alexandre Buzdin®,
Yann Meurdesoif °, Maurice Guillot
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Field-induced SCO in [Mn!(taa)]
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Field-induced SCO in [Mn!(taa)]
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Frequency(GHz)

HFEPR of LS and HS states of [Mn'!(taa)]
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Mn! SCO complex [Mn(taa)]

ﬂ

Adiabatic Potential
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Electronic states of [Mn''(taa)]
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Active vibrational modes
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Jahn-Teller distortion in HS species

DFT-optimized structure and spin density isosurface with 0.005 ¢ / a.u’ (
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Dielectric behavior of [Mn'(taa)]
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Electrostatics of [Mn'!l(taa)]

Curie behavior of bare dipole: p = (u* / 3k;T) E,,.
u molecular dipole
E local field

loc
Macroscopic polarization of crystal: P=Np
N  number density of dipole

loc — E ext + E Lorentz

=E_ . +P/Q(3¢.g)
£, high-frequency component

Local field E

Definition of crystalline dielectric constant ¢:
P=(e-¢,) ¢ E,,
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Electrostatics of [Mn'!l(taa)]

Curie-Weiss law: e=¢_+ ¢
T-06
es
C =N u*/ (3kye,)
0,.,=C/(3¢&,) (electrostatic interaction)

Experimental data ¢_,=3,C=91K,0=26K

— estimated molecular dipole u=1.25D
— van der Waals' interaction 6-60.,=16K
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4-State Ising-Potts Model  (stratt & Adachi, 1987)

}
X
& -0
I Normalization of population
R A AR R+R+A*A=]
LS species (S, 5= 1) HS species (Sys=2)
A LS-HS gap

J, Potts-type interaction between HS species
J, Ising-type interaction between HS and LS species

Internal energy:

U= Al - py) + Jo(p* + ;" + p3°) + 2J,0,(1 = o)
Entropy:

S/R = p,In(28,5 + 1)+ (1= p) @S+ D=, p,Inp,
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4-State Ising-Potts Model

Internal energy:

U= A1 - po) + Jo(0," + py" + p5°) + 2J,0,(1 = py)
Entropy:

S/R = p,In(28,5 + 1)+ (1= p)In2S 5+ D=, p,Inp,

SCF equations:
dF/0p, =0, 9°Flop0p,>0 (i,j=1,2,3)

3 Stable solutions:
Low-spin (LS) phase — p,>> p, = p, = p;
High-spin (HS) phase — p, << p, =0, = p;
Ferrodistortively-ordered (FO) phase
 Po<< P =P < Ps
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Extended Phase Diagram of [Mn''(taa)]
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Extended Phase Diagram of [Mn!(taa)]
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Entropy counting with |T pseudo-rotation

AS..=RIn (254 + 1)/(2Sus + 1) = R In(5/3)

mag
ASr=RIn 3
2 ASioral = ASpag T AST=RIn S5

= 13.4 | K-' mol"!
Cf. 13.8] K' mol"' based on DSC (Y. Garcia, 2000)

Estimate of the vibrational contribution to the entropy change associated
with the spin transition in the d* systems [Mn""(pyrol);tren] and

[Cr"'(depe), L]+

Yann Garcia,** Hauke Paulsen,” Volker Schiinemann,® Alfred X. Trautwein® and
Juliusz A. Wolny**

Phys. Chem. Chem. Phys., 2007, 9, 1194-1201

New estimate AS,;, = 9.1 ] K-! mol! o ey
Vi v ¢
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Adiabatic calorimetry of [Mn!(taa)]
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Perturbation to 4-State Ising-Potts Model

e Pressure effect on y
Clamp cell (Cu-Ti alloy)

0.1 MPa to 1.0 GPa
Fomblin oil — hydrostatic pressure

e Dilution effect on yand ¢
Mixed crystal [Mn,  Ga,(taa)]
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Disappeared transition under pressure
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Isomorphic phase transition - critical phenomana!?
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Disappeared transition under pressure

1 —pg

1.0 TYY S G o o 09 %o o0 p 00 *
‘ O A
} o B !
0.8 5 i
e :0.1 MPa o2 L
s 0.6 o :0.7 GPa N A
| A :1.0GPa ’ A
~ 04 A
1.0 N
AA
0.8 o
100 150 200 250
0.6 T/K
0
04 J,/RK J,/RK AS,/ R
-36 96 1.2
0.2 -36 70 1.2
-36 60 1.2
0.0 —
0O 50 100 150 200 250 300 TG

Multis 2017 S5




a / nm
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Disappeared transition under pressure

2.030
2.025 250 J)
0103 nm .
- :simulated
2020 . 200| O :observed
2015
M 150 - O
0 10 20 30 40 50 60 70 \
Trx &~ ~175 K GPa™!
100 ’
835 ycritiCd point
+0 0.127 nm® S(K LS
8.25
8.20 © 0 I l I l
i ° 0.0 02 04 06 08 1.0
8.15 Q
0 10 20 30 40 50 60 70 p / GPa
T/ K
AV = 4.77 cm’ mol T
Multis 2017 ‘S5




Dilution effect in [Mn,  Ga (taa)]
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Dilution

effect in [Mn,_ Ga,(taa)]
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v / Hz

Dispersion of & due to pseudo-rotation
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Conclusion

e [Mn'll(taa)] is a fascinating system involving
two molecular bistabilities and a hidden
ferrodistortive order (FO) phase.

o LIESST at low temperature may provide
the hidden FO phase. Challenging!
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Spin-crossover (SCQO) phenomena

Octahedral transition metal complex

FeH 340

Bistability

Temperature
Pressure

Magnetic field
Light irradiation ...

3

Low spin
(tZg)6

.

High spin
(o) *(e)’
S=2

—&

Multis 2017 &

iy L7




Vibrational degree of freedom in SC

T e o B e
Mn ¢ 1 Marcus’ theory
(3d)4 é of Ele fron transfer (1956)
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Xy (emu/mol)

Mn! SCO complex [Mn(taa)]
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Raman spectra of [Mn''(taa)]

breathing
CH, scissors

CH, rocking

wagging

ethylene

twist

pyrrole ring puckering

apical N
breathing

200 300 400 500 600 700
-1
V' /cm
E‘D N4
_ z & s
I TR N ;
=~ = - .8 2q 0 . R
Ee 5 = = = a5 pyrrole ring z
=% 2 ko) 2 E breathing %
T = pyrrole ring T s E&
02 % deform | o3 B ‘ ©
Il mis I ] I H|||.| /I
800 900 1000 1100 1200
-1 Y
V' / cm DAL
!

Multis 2017 *

Sy




Raman spectra of [Mn''(taa)]
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Crystal structure of [Mn'!(taa)]

HS phase

space group [I-43d (cubic)
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-T phase diagram of [Mn''(taa)]
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