
 S1

Supplementary Information 

 

Humidity dependency of the thermal phase transition 

of a cyano-bridged Co-W bimetal assembly 

 

Noriaki Ozaki,a Hiroko Tokoro,a,b Yasuto Miyamoto,a and Shin-ichi Ohkoshia,c* 

 
 

aDepartment of Chemistry, School of Science, The University of Tokyo 

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan 
bNEXT, JSPS, 8-Ichibancho, Chiyoda-ku, Tokyo 102-8472, Japan 

cCREST, JST, K’s Gobancho, 7 Gobancho, Chiyoda-ku, Tokyo 102-0076, Japan 

 

* To whom correspondence should be addressed.  

ohkoshi@chem.s.u-tokyo.ac.jp (S. Ohkoshi) 

Tel: +81-3-5841-4331 

Fax: +81-3-3812-1896 

 

 

Contents: 
§1 The results of Rietveld analyses and the atomic coordinates 
§2 Humidity dependence of the transition temperatures and thermal hysteresis 
§3 DSC measurement 
§4 Spin entropy change due to a phase transition 

Electronic Supplementary Material (ESI) for New Journal of Chemistry.
This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2014



 S2

§1. The results of Rietveld analyses and the atomic coordinates 
 

 
 
Fig. S1 XRD patterns and Rietveld analyses of Co3[W(CN)8]2(4-methylpyridine)2(pyrimidine)2

.xH2O for (a) 80% 
RH, (b) 60% RH, (c) 40% RH, (d) 20% RH, and (e) 5% RH. Black points, red lines, blue bars, and gray points 
indicate the observed patterns, calculated patterns, Bragg peak positions, and residual curves, respectively. 
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Table S1. Atomic coordinates of Co3[W(CN)8]2(4-methylpyridine)2(pyrimidine)2

.xH2O 
 

  
* The atomic coordinates are the same for all humidities. 
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§2. Phase transition temperatures 
 

Table S2 Humidity dependence of the transition temperatures and thermal hysteresis 
 

 
 
 
 
§3. DSC measurements 
 

  
Fig. S2 The DSC charts of Co3[W(CN)8]2(4-methylpyridine)2(pyrimidine)2

.xH2O in (a) cooling and (b) warming 
processes.  
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§4. Spin entropy change due to a phase transition 
 
The change in the spin entropy (Sspin) is calculated from the orbital degeneracy and the spin multiplicity. In the 
present complex, Co has an octahedral (D4h) symmetry. The electronic states of CoII and CoIII are 4Eg and 1A1g, 
respectively. On the other hand, W has a dodecahedron (C2v) symmetry, and the electronic states of WV and WIV 
are 2B1 and 1A1, respectively. Therefore, the electronic states are:  
 

HT phase: 3D4hCoII(4Eg)-2C2vWV(2B1) 
LT phase: 2D4hCoIII(1A1g)-D4hCoII(4Eg)-2C2vWIV(1A1) 

 
The degeneracy of each phase is expressed by the product of the orbital degeneracy and the spin multiplicity. 
D4hCoIII(1A1g) is 1 × 1, C2vWIV(1A1) is 1 × 1, D4hCoII(4Eg ) is 2 × 4, and C2vWV(2B1) is 1 × 2. Therefore, the 
degeneracies are:  
 

HT phase: (2 × 4)3 × (1 × 2)2 = 2048  
LT phase: (1 × 1)2 × (2 × 4)1× (1 × 1)2 = 8 

 
Thus, the spin entropy of the HT and LT phases are Sspin, LT = Rln8, Sspin, HT = Rln2048, respectively. Taking the 
difference of these values, Sspin is  
 

Sspin = Sspin, HT – Sspin, LT  
= Rln2048 − Rln8 

= Rln256 
= 46 J K−1 mol−1 

 
This value is constant unless the orbital degeneracy and spin multiplicity change. In the present compound, these 
values are not affected by humidity.  


