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Molecule or metal complex based magnets

High Tc
Transparency
Photon- or electron-induced magnetism

Goal

Prussian blue analogues
High Tc  (> RT in some cases)
Photo-induced magnetization in 
  FeCo cyanide (6 coordinated) and 
  CoW cyanide (8 coordinated) 

FeCo cyanide 
NaCl structure
(6 coordinated)



Photo-induced magnetization in FeCo and CoW cyanides

Na0.4Co1.3Fe(CN)6 5H2O

T = 2 K

Cs0.9Co1.1W(CN)8(3-CNpy)1.9 2.1H2O
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Scope and Experiments of the present investigation

Na0.4Co1.3Fe(CN)6 5H2O

Cs0.9Co1.1W(CN)8(3-CNpy)1.9 2.1H2O

XAFS analysis of the photo-induced magnets
XANES   determination of the composition ratio between
               Co(II) and Co(III)
               identification of W(V) and W(IV) states
EXAFS   determination of local structure around transition 
               metal ions

LT phase, HT phase, 
x-ray induced trapped excited phase at LT
spin transition from W(V)-CN-Co(II)HS to W(IV)-CN-Co(III)LS ?

XAFS measurements
Photon Factory BL10B and BL12C (x-ray induced transition)
transmission mode
Co-K, W-LIII, W-LII using Si(311) or Si(111) double crystals
x-ray excitation   using probed x rays

Refs.  T. Yokoyama, T. Ohta, O. Sato and K. Hashimoto, 
            Phys. Rev. B58, 8257-8266 (1998). 
          T. Yokoyama, M. Kiguchi, T. Ohta, O. Sato, Y. Einaga 
            and K. Hashimoto, Phys. Rev. B60, 9340-9346 (1999). 

spin transition from Fe(III)-CN-Co(II)HS to Fe(II)-CN-Co(III)LS
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spin transition from Fe(III)-CN-Co(II)HS to Fe(II)-CN-Co(III)LS



Co K- and W LIII,II-edge XANES of Cs0.9Co1.1W(CN)8(3-CNpy)1.9 2.1H2O

Upon spin transition
  Co(II)HS - W(V)
               cooling
  Co(III)LS - W(IV)
               x ray irrad.
  Co(II)HS - W(V)
confirmed.

W LII similar to W LIII

Shoulder structure
at a lower energy side
appears in the case of
W(V), which is 
attributable to the 
transition to the singly-
occupied W 5dx2-y2

orbital of W(V).
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Time dependence of Co K-edge XANES during x-ray irradiation on the CoW cyanide 
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W LIII-edge EXAFS of Cs0.9Co1.1W(CN)8(3-CNpy)1.9 2.1H2O

(a) HT
CoII 98.9%

(b) LT1
CoII 85.0%

(f) X-ray
CoII 82.0%

(e) LT4
CoII 30.1%

(d) LT3
CoII 44.5%
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Co K-edge EXAFS of Cs0.9Co1.1W(CN)8(3-CNpy)1.9 2.1H2O

(a) HT
CoII 98.9%

(b) LT1
CoII 85.0%

(d) LT3
CoII 44.5%

(e) LT4
CoII 30.1%

CoW cyanide   Co K edge CoW cyanide
Co K edge

Co-N

Co-W
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EXAFS analysis of the CoW cyanide
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Curve fitting in k space after Fourier filtering
Optimization

Error estimation criteria

Present analysis

Error bar is determined so that χν2-χν2(opt)=1

W-C, W-N  (W LIII-edge)
One-shell analysis    ∆kCF=4-16 Å-1

N, S02, ∆E0  fixed
R, C2 fitting variables

W-CoII, W-CoIII  (W LIII-edge)

FEFF6 calc. of W(CN)8Co8 (for W LIII edge) and 
  Co(NC)4W4(3-CNpy)2 (for Co K edge) clusters 

CoII-N, CoIII-N  (Co K-edge)

Two-shell analysis    ∆kCF=6-16 Å-1

S02, ∆E0  fixed
R, C2 fitting variables

) is assumed to be independent of k.(� ikε

Two-shell analysis    ∆kCF=6-16 Å-1

N, S02, ∆E0  fixed 
R, C2 fitting variables

CoII-W, CoIII-W  (Co K-edge)

Two-shell analysis    ∆kCF=4-14 Å-1

N, S02, ∆E0  fixed 
R, C2 fitting variables



  Sample                 Shell		 N 	  R (Å)     C2 (10-2 Å2) 

Cs3W(V)(CN)8 	   W-C	 	 (8)	 2.162(9)	 0.19(7)	
    30 K                 	  W-N		 (8)	 3.319(9) 	 0.34(9)	
K4W(IV)(CN)8 	   W-C	 	 (8)	 2.160		 0.25
    30 K                 	  W-N		 (8)	 3.318		 0.33	
Co2W(IV)(CN)8 	   W-C	 	 (8)	 2.148		 0.17	
    30 K                 	  W-N		 (8)	 3.305		 0.35	
	 	 	 W-CoII	 5.3	 5.36	 	 1.12	
	 	 	 CoII-N	 (6)	 2.052		 0.87	
	 	 	 CoII -W	 1.0	 5.36	 	 0.79	

CoW cyanide	   W-C		 (8)	 2.161(10) 	 0.28(10)	
      (a) HT          	   W-N         	 (8) 	 3.318(8)      	0.33(8)        
      CoII 98.9%       W-CoII 	 (4)     	5.35(2)	 1.1(2)	
                               CoII-N	 (6)     	2.072(13)	 0.74(18)     

CoW cyanide	   W-C		 (8)	 2.152(9)	 0.20(8)   
     (b) LT1               W-N		 (8) 	 3.314(8)      	0.30(6)       
     CoII 85.0%         W-CoII 	 (3.4)	 5.37(2)	 0.47(12)  
                                W-CoIII	 (0.6)  5.22(15)      	0.71(50)  
	 	 	   CoII-N	 (6)	 2.072(12)	 0.86(17)
                                CoII -W	 (1.3)  5.37(3)        	0.28(11)
                                CoIII-W	 (0.2)  5.17(11)      	0.39(80)

Results of the EXAFS analysis of the CoW cyanide

  Sample                 Shell		 N 	  R (Å)     C2 (10-2 Å2) 

CoW cyanide       	  W-C		 (8) 	 2.161(8) 	 0.18(8)
       (c) LT2             W-N   	 (8)	 3.316(8) 	 0.30(7)      
       CoII 69.3%      W-CoII       	(2.8)  	5.36(2)      	 0.42(14)   	
                              W-CoIII      	 (1.2)  	5.20(4)       	0.42(31)
                              CoII -N       	 (4.2) 	2.087(15)	 0.15(12)      	
                              	CoIII-N       	(1.8)  	1.904(24)	 0.17(23)  
                              	CoII -W      	(1.0)  	5.37(2)       	0.20(9)	
                              	CoIII-W      	(0.5)  	5.14(3)       	0.20(21)  
CoW cyanide	   W-C          	(8)	 2.161(10)	 0.25(9)	
       (e) LT4             W-N      	 (8)  	 3.319(8) 	 0.30(8)	
       CoII 30.1%      W-CoII      	 (1.2)  	5.36(3)      	 0.33(24) 	
                               W-CoIII     	 (2.8)	 5.18(2) 	 0.42(14)  
                               CoII -N       	(1.8) 	2.117		 -0.02      	
                               CoIII-N    	 (4.2)  	1.910		 0.50  
                               CoII -W      	(0.5) 	5.43(6)	 0.32(41)  	
                               CoIII-W   	 (1.0)  	5.16(4)          0.17(8)  
CoW cyanide	   W-C		 (8)     	2.158(7)    	 0.23(8)     	
       (f) X-ray	   W-N    	 (8)	 3.306(13)	 0.35(15)      
	 	 	 W-CoII       	 (3.2) 	5.38(2)        	0.37(13)       
	 	 	 W-CoIII     	 (0.8) 	5.24(7)      	 0.43(58)
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(b) LT1
CoII 85.0%

(e) LT4 
CoII 30.1%

CoII -N   2.072 Å
CoIII -N  1.910 Å
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W

C
N

Local structure around Co is
confirmed as above.



2.07 A

Non-magnetic

Ferrimagnetic

1.91 A

E
ne

rg
y

Coordinate (mainly the Co-N distance)

x-ray Relaxation

Charge 
transfer

Mechanism of x-ray induced magnetization in CoW cyanide

CoII(HS)W(V)

CoIII(LS)W(IV)

CoII(LS)W(V)



W C Co3+

2.161 A

Heating to >200 K

Low T
phase

NN C CN

3.32 A

LS

5.18 A

5.16 A

W LIII-edge
EXAFS

W C Co5+ 2+

2.152 A

High T
phase

NN C CN

3.31 A

5.37 A

W LIII-edge
EXAFS

X-ray or Visible light 
Cooling to <150 K

HS

Summary of Cs0.9Co1.1W(CN)8(3-CNpy)1.9 2.1H2O

CoII(HS)

Ferrimagnetic or 
  paramagnetic

CoIII(LS)

Non-magnetic

Co K-edge
EXAFS

5.37 A
Co K-edge
EXAFS

S(W)=0 & S(Co)=0 
from χ(T) measurements

S(W)=1/2 & S(Co)=3/2
from χ(T) measurements

1.910 A

2.072 A

W(IV)

4+

W(V)

W

Co

CN

H


