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The effect of bis(pyridyl) type ligand using aromatic rings 

for Spin-Crossover phenomenon of iron(II) assembled complex 

1.

( )

(S = 0) (S = 2) (SCO)
[1]-[3]SCO [4][5]

[6][7] [8] [9] bpanth = 9,10-bis(4-

pyridyl)anthracene [Fe(NCS)2(bpanth)2]n

CH- SCO

SCO [10]

SCO bpanth

SCO-off

bpanth

m, n-bpna = m, n-bis(4-pyridyl)naphthalene ; (m, 

n) = (1, 4), (1, 5), (2, 7) 1,

2  3 1, 2 3

KNCS, KNCSe, NaNCBH3 1a~1c, 2a~2c,

3a~3c

2.

- m, n-bpna 1H NMR

1 = 63.2%, 2 = 58.5%, 3 = 75.4%

1 N-BARD2 
1 1, 2 

S. Iwai1 and S. Nakashima1, 2

1Graduate School of Science, Hiroshima Univ.
2Natural Science Center for Basic Research and Development, Hiroshima Univ.

Fig. 1 Bridging ligand 1,2 and 3 
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Spin-Crossover Coordination Polymer with 4-methylpyrimidine

Kosuke KITASE1, Masashi TAKAHASHI1,2 and Takafumi KITAZAWA1,2

1 Faculty of Science, Toho University. 
2 Research Centre for Materials with Integrated Properties, Toho University. 

1.
Hofmann (SCO)

SCO
SCO (II) d6

Hofmann 2 MII (M = Fe, Co, Cd etc.)
2 [M’I(CN)2]  (M’I = Cu, Ag, Au) 4 [M’II(CN)4]2  (M’II = Ni, Pd, Pt) 

Fig. 1 4
[Ni(CN)4]2 pyridine Fe (pyridine)2 [Ni(CN)4]

Hofmann SCO
[1] Fig. 2 Fe (pyridine)2 [Ni(CN)4]

2 [M’I(CN)2]
1 [M’I(CN)2] 2

Fe(pyridine)2[M’I(CN)2]2 SCO [2] 57Fe
Mössbauer

(II)

Hofmann SCO
 [1-11] Mössbauer

SCO
[12-18] Hofmann SCO 1

Fe(4-methylpyridine)2 [Au(CN)2]2 3
SCO  (Tc1 =

216, Tc  =192, Tc  = 193, Tc  =171, Tc  = 174 K)[19] 

Fig 1. Crystal structure of 
Fe(pyridine)2[Ni(CN)4]

Fig 2. Magnetic susceptibility of 
Fe(pyridine)2[Ni(CN)4] 

Fi 1 C t l t t f
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4-methylpyridine 4-methylpyrimidine Hofmann SCO
Fe(4-methylpyrimidine)2[Ag(CN)2]2 ( 1) Fe(4-methylpyrimidine)2 [Au(CN)2]2(

2)  
22.

1 2  
1: Fe(NH4)2(SO4)2 6H2O(Mohr ) K[Ag(CN)2]2 1:2

4-methylpyrimidine 2-3

2: Fe(NH4)2(SO4)2 6H2O(Mohr ) L- K[Au(CN)2]2 1:1:2
4-methylpyrimidine 2-3

1 2  
1: 1:2

4-methylpyrimidine
3 -1  

2: L- 1:1:2

4-methylpyrimidine
3 -1

X
1: 57Fe Mössbauer

2: Au L1

(14.353 keV) 57Fe Mössbauer
(14.4 keV)

[20]
Au 57Fe Mössbauer

[21] Ag

3.
3.1.  

Fig.3, 4 1 2
4 K – 300 K 1 K min-1 1 130 – 140 

K 6 K 1 (Tc  
= 138 K, Tc  = 132 K) 2 180 – 200 K
2 1 K 2

Fig 3. Magnetic susceptibility of  
Fe(4-methylpyrimidine)2[Ag(CN)2]2 

Fig 4. Magnetic susceptibility of  
Fe(4-methylpyrimidine)2[Au(CN)2]2 
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(Tc1 = 202 K, Tc  = 187 K, Tc  = 186 K) 2 190 K
2

Fe (4-methylpyridine)2[Au(CN)2]2[19] 10 – 15 K
2

1 2

3.2.  
1 2 298 K ( 1 150 K 2 100 K)

1 Hofmann
Pccn

2 Pbcm
2 1 296 K

100 K Pccn Fe – N(CN) 2.148(6) Å
1.945(7) Å 1969.9(4) Å3 1826(2) Å3

2 298 K 150 K Pbcm
Fe – N(CN) 2.151(4) Å 1.949(4) Å

2059.0(3) Å3 1911.4(3) Å3

190 K P21/m 2
Fe – N(CN)

2.14(3) Å 1.98(2) Å 2
2
2

3.3. Mössbauer  
Fig.5 1 57Fe Mössbauer

295 K 78 K Table 1
Table 1. IS , QS and  of complex 1 

T / K Spin state IS / mm s-1 QS / mm s-1  / mm s-1 
295 HS 1.078 1.178 0.266 
78 LS 0.479 0.284 0.285 

Fig 5. 57Fe Mössbauer spectra of  
Fe(4-methylpyrimidine)2[Ag(CN)2]2 
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57Fe

Fe(Ethyl Isonicotinate)2[Pt(CN)4]

Fe(Ethyl Isonicotinate)2[Pt(CN)4]
X Figure 1

Fe(II)
Ethyl Isonicotinate N 2

4 [Pd(CN)4]2-

Fe-N 2.1785 
1.966 

SCO

Fig. 1 Crystal structure of
 Fe(Ethyl Isonicotinate)2[Pt(CN)4]

Fig.2 Mössbauer spectra of 
Fe(Ethyl Isonicotinate)2[Pt(CN)4] 
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77 K  
Fe(Ethyl Isonicotinate)2[Pt(CN)4]

 SCO  Fe(L)2[M(CN)2]2 (M = Ag(I), Au(I))  Fe2+ 
 [M(CN)2]  

[15-21]  L 
 SCO 

 L 
 

Figure 2 57Fe

SCO 292 K (IS) = 1.058 mm s–1 (QS) = 
0.917 mm s–1 HS 100 % Fe(III)
77 K IS = 0.458 mm s–1 QS = 0.302 mm s–1 HS 0 % LS
292 K IS QS S = 2 Fe(II) 77 K IS QS S = 0
Fe(II) Fe 2 Pt
14 keV Fe(Ethyl Isonicotinate)2Pd(CN)4

 
SQUID 214 K 212 K

1 236 K 238 K 1
24 K  

Fe(Ethyl Isonicotinate)2[Pt(CN)4] Fe(Ethyl Isonicotinate)2Pd(CN)4

Pt(II) Pt(II)
[22]  

Fe(Ethyl Isonicotinate)2[Pt(CN)4] a soft X-ray–induced excited spin state 
trapping (SOXEISST) effect Fe(py)2[Ni(CN)4] [23]

4-CN-pyridine [24]
Mn2+ d5

Fe2+ Mn2+ [25]   
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Fig. 1 (left) Zero-field spin relaxation spectra observed at 200 K and 280 K for base Al (black 
marks) and hydrogen plasma charged Al (blue marks).  
Fig. 2 (right) Temperature dependences of dipole widths for base Al, plasma charged Al and spark 
charged Al. 
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Dynamic Motion of Impurity Indium Ions in Magnetite 

1 2 3 4

1,2 2,3 2 2 2 4

W. Sato1,3, S. Komatsuda2, T. Fujisawa3, S. Takanaka3, T. Sugimoto3, and Y. Ohkubo4

1Institute of Science and Engineering, Kanazawa Univ.
2Graduate School of Natural Science and Technology, Kanazawa Univ.
3National Institute of Technology, Ichinoseki College
4Institute for Integrated Radiation and Nuclear Science, Kyoto Univ.

1.
Fe3O4

MRI

Fe3+ A Fe3+ Fe2+

B Fe3O4

Fe3O4

Fe3O4
111mCd( 111Cd) 111In( 111Cd)

PAC
[1] A
111In( 111Cd) TC = 858 K B

111In
111Cd In

Fe3O4 In
111mCd( 111Cd) A 111Cd

In

2.
Fe In 0.5% In2O3 Fe3O4

1073 K 3

X 0.5 

at.% In-doped Fe3O4 IFO 111mCd( 111Cd)
110Cd CdO

Cd(111mCd)O IFO 1173 K

In

800 K 900 K PAC 111mCd( 111Cd) Fig. 1 PAC
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Fig. 1. Simplified decay scheme of 111Cd 
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In-gas-jet ionization 
 (194Pt; I =0+) 

width=0.60(1) GHz(fwhm) 

In-gas-cell ionization 
 (198Pt; I =0+) 

width=12.5 GHz(fwhm) 

Fig. 1. Resonances with In-gas-cell and In-gas-jet methods. 
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Fig. 2. Predicted fission barrier height5) and KISS research 
region covered by dashed black line, where MNT reactions 
with uranium beam could reach to. 

Fig. 3 Mass measured 
region (indicated by 
red circle ) with  the 
MRTOF during 
experiments from  
2016 to 2017 at the 
GARIS II focal plane. 
Masses of over 80 
isotopes were directly 
determind.
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Fig. 4 -TOF detector 
set downstream the 
MRTOF. (a) Setup for 
performance test. (b) 
Measured ToF - Energy 
correlation of 

particles emitted from 
244Cm, 237Np, 241Am 
sources. (c) Photo. 
Observed time- 
resolution is enough 
short as 251(7) ps for 
further mass 
measurements. 

Fig. 5. KISS-MRTOF system. (a) KISS beam switcher for the mass/decay
measurements. (b) Photo of the system. 
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