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We measured neutron diffraction data of a single crystal of (4,4'-bipyridine-1,1’-diium) 

hexahydrogen bis[hexacyanidoferrate(II)] tetrahydrate, (C10H10N2)(H)6[Fe(CN)6]2·4H2O using SENJU 

(BL-18) on MLF, J-PARC. The present ionic molecular crystal comprising a bulky anion with a high 

negative charge, [Fe(CN)6]4–, and a bulky cation with a lower positive charge, (C10H10N2)2+, includes 

protons (H+) as small cations to supplement the deficient positive charge. However, atomic parameters 

of the X-ray invisible protons have not been precisely determined on X-ray 

crystallography (Crystal data: monoclinic, P21/c, a=11.9985(3) Å, b=11.2857(3) 

Å, c=12.2196(7) Å, =112.7946(8)°, V=1525.44(10) Å3, Z=2). Thus, we have 
attempted this single-crystal neutron structure analysis in order to determine the 

precise atomic parameters of the protons as counter cations. 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons.

A 1.1 x 1.1 x 0.3 mm sized single crystal of (C10H10N2)(H)6[Fe(CN)6]2·4H2O which was coated by 

the Apiezon type N grease and fixed on an aluminum pin was mounted at the end of a closed-type 

cryostat and installed into the sample chamber of SENJU. Neutron diffraction data was measured at 

100 K with 11 crystal orientations. Exposure time for one orientation was 12 hours. Diffraction data was 

processed with a data processing software for SENJU, STARGazer, and finally integrated intensities of 

11271 Bragg reflections were obtained.  

We have successfully obtained structure factors based on the single-crystal measured neutron 

diffraction data. Then, we have plainly determined the positions of the protons as counter cations as 

well as the hydrogen atoms of the water molecules and 4,4'-bipyridine-1,1’-diium cations on the 

difference Fourier map calculated on the neutron structure factors. In the difference Fourier synthesis, 



Experimental method and results (continued) 

atomic parameters based on X-ray crystallography were used for non H-atoms. 

Refinement was performed on F2 based on the single-crystal neutron diffraction data by full-matrix 

least-squares methods with anisotropic displacement parameters for all atoms. The refinement 

converged to R1 = 0.1017 for 2870 reflections with Fo > 4 (Fo). We have successfully obtained the 
precise atomic parameters with the anisotropic displacement parameters for the protons including in 

the crystal as counter cations. A software, SHELXL2014 was used for the calculation of the difference 

Fourier synthesis and the refinement.  

The molecular structure and the crystal packing of (C10H10N2)(H)6[Fe(CN)6]2·4H2O refined based 

on the single-crystal neutron diffraction data are shown in Figures 1 and 2, respectively. 

 

 

Figure 1 A thermal-ellipsoid-plots view of the molecular structure of (C10H10N2)(H)6[Fe(CN)6]2·4H2O. 

Displacement ellipsoids are drawn at the 50% probability level for all atoms. 

 

Figure 2 A packing view of (C10H10N2)(H)6[Fe(CN)6]2·4H2O.




