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Outline

(1) History of spin crossover phenomena

(2) Light induced excited state trapping (LIESST) and its related
phenomena

(3) Spin crossover transition at r.t. toward molecular devices
(4) Development of spin crossover complex film

(5) Development of assembled-metal complex exhibiting
dynamical spin equilibrium

(6) Development of mixed-valence complex exhibiting charge
transfer phase transition



First report of spin-crossover phenomenon
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Spin configuration of d* — d’: It is possible that the low-spin (LS) state
and the high-spin (HS) state compete with each other in the ground state.
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Light Induced Excited Spin State Trapping (LIESST)
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LIESST (Light Induced Excited Spin State Trapping)

Colorless (HS state)
Purple (LS state)

Writing

Delete

Near-infrared and visible absorption spectra of [Fe(ptz)¢](BF,), at 10 K: (—) before
light irradiation, (— — —) after irradiation with A = 514.5 nm (300 mJ), (...... ) after
subsequent irradiation with A = 752.7 nm (=3000 mJ).

A. Hauser, Chem. Phys. Lett. 1986, 124, 543



Mechanism of LIESST and Reverse-LIESST
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Upper limit of LIESST
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Figure 1. 7. Spin-crossover transition temperature vs
LIESST temperature. The lines represent the
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Spin crossover transition of [Fe'(R-trz);]A,-nH,0
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Spin-transition polymers: From molecular materials toward memory devices
O. Kahn, C. Jay Martinez, Science, 1998, 279, 44.
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Development of Spin-crossover complex film
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Photo-generated HS state of Life time of photo-generated HS state
Nafion-[Fe(Htrz)s] film
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Condensed phase of photo-generated high-spin state l
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Preparation of pH-sensitive spin-crossover
complex film, [Fe'(diAMsar)]-Nafion

Nafion 117

Base

Volume expansion due to the Coulomb Absence of the volume
repulsion between Fe?* and NH,* expansion

WE

‘ High-spin state Low-spin state
(S=2;5T)) (S=0;1Ay)

H. Kamebuchi, N. Kojima et al., Chem. Lett. 2011, 40, 888.




Manipulating the spin state by applied voltage
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Slow spin-equilibrium at Fe'"S,0,(t> 107 s) Rapid spin-equilibrium at Fe""S;0;(1< 107" s)
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Rapid spin-equilibrium of Fe' in (C Hs),P[Zn"Fe"(mto),]

X-band ESR (t~=10105s)

— 300 K
77 K
LS state (g = 4.25) — 10K
/ HS state (g = 2.05)

!

Intensity [a. u.]

Relative Transmission

100 200 300 400 500

H [mT] 1 ’
h“h., - "-\.\ -
Zn%* Fe¥*
1 70 o1 >

O S
Rapid spin equilibrium \S/\? o ?/*;/
———— O Fe” Zn2*
(10 s <1<107s) o | “‘“OIO” | >0

>'Fe Mdssbauer spectra

(t=1075)

1.000 fiseeny
0.995 -

0.990 -

0.985
1.00

0.98 -

0.96

1.00 gt
0.98 |

0.96

Velocity [mm/s]

© T oy T Nz S Fe”
g 8- 4 4 A 44 7| S
LS HS K. Kagesawa, N. Kojima, et al., Chem. Lett., 2010, 39, 872.




Spin state of (CgH5),N[Mn''"Fe!'(mto);](mto = C,0,S)
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Temperature dependence of magnetic susceptibility
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5"Fe Mossbauer spectra of (Cg
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Successive magnetic phase transitions in (CgHs),P[Mn''Fe'''(mto),]
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Rapid Spin Equilibrium and Magnetic Ordering
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Charge transfer phase transition in (n-C;H-),N[Fe''Fe'(dto),]

Crystal structure of (n-C;H-),N[Fe''Fe'(dto),]

C1gH2sFE,NO6Se
(n-C;H,),N* Hexagonal P6,
a=b=10.0615(8) A
c = 16.0424(7) A

Honeycomb structure

M. Itoi, M. Enomoto, N. Kojima, et al., Solid State Commn., 2004, 130, 415.




Charge transfer phase transition in(n-C;H-),N[Fe''Fe'(dto),]

High Temperature Phase (HTP)
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Relative Transmission

Mossbauer spectra of (n-C H,,..,),N[Fe'Fe'(dto);](n = 3 - 6)
n = 3,4: charge transfer phase transition (CTPT) n=5,6: no CTPT
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Relative Transmission

°’Fe Mossbauer spectra in the ferromagnetic phase of
(n-C,H,n.1),N[Fe'Fe'l(dto)s](n = 3, 5)
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Ferromagnetism of (n-C H,,,,),N[Fe''Fe''(dto),]
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Organic-inorganic hybrid system with photochromic cation

(SP)[Fe'lFe'l(dto),]

Cation ,
Photochromic spiropyran (SP) =\
*Reversible photo-isomerization
-Long life time in solids [l
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[Fe'lFel(dto),] .. 2D- honeycomb layers ZIS>Fe\z O>Te<ZIz
*Charge tarnsfer phase transition S\/\ /YO
Ferromagnetic transition >‘ \/OIS/ (
PN

N. Kida, N. Kojima, et al., J. Am. Chem. Soc., 2009, 131, 212.



Photo-isomerization of spiropyran in (SP)[Fe''Fe'(dto),]
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Disappearance of LTP under UV irradiation

Before UV irradiation
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Schematic diagram of spin states transition by photo-irradiation
charge transfer phase transition

f\ KBr pellet
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Photoinduced charge transfer phase transition at 70 K
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Photo-isomerization of

retinal in visual cell -
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Structure of rhodopsin
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Summary

(1) Development of transparent spin crossover complex film, [Fe(Htrz)s]-Nafion
and observation of LIESST

(2) Development of pH sensitive spin crossover complex film, [Fe!'(diAMsar)]-
Nafion and the direct observation of proton flow in Nafion

(3) Concerted phenomenon between the rapid spin equilibrium and the
successive magnetic phase transitions for (n-C,H,,.1)sN[Mn''"Fe!'(mto),]
(mtO — Czogs)

(4) Charge transfer phase transition (CTPT) for iron mixed- valence complex,
(CHzn.1)4N[Fe''Felll(dto),] (dto = C,0,S,)

(5) Concerted phenomenon between the photo-isomerization and charge
transfer phase transition in a photo-reactive organic-inorganic hybrid
complex, (SP)[Fe''Fe''(dto);](SP = Spiropyran)



