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Tab. S1. Refined structure parameters of CCCRO and the calculated BVS results of 3d transition 

metal Cu and Fe at RT. The BVS values (Vi) of different ions were calculated according to the 

formula Vi = ∑j Sij, and Sij = exp[(r0-rij)/0.37]. The value of r0 is 1.679 for Cu, 1.759 for Fe. For 

the A'-site Cu, twelve coordinated oxygen atoms were used, and for the B-site Fe, six coordinated 

oxygen atoms were used in the BVS calculation.  

Parameter DCFRO 

a (Å) 7.44611(1) 

Ox 0.5726(5) 

Oy 0.7550(3) 

Oz 0.0555(5) 

Uiso(Dy) (100×Å2) 3.56(7) 

Uiso(Cu) (100×Å2) 1.04(6) 

Uiso(Fe) (100×Å2) 0.32(5) 

Uiso(Re) (100×Å2) 0.80(3) 

Uiso(O) (100×Å2) 0.4(1) 

Cu-O (×4) 1.961(5) 

Cu-O (×4) 2.805(7) 

Cu-O (×4) 3.308(9) 

Fe-O (×6) 2.017(5) 

Re-O (×6) 1.947(4) 

∠Fe-O-Re (deg) 139.9(1) 

∠Cu-O-Re (deg) 111.2(1) 

∠Cu-O-Fe (deg) 108.3(1) 

BVS (Cu) 2.11 

BVS (Fe) 2.99 

Rwp (%) 4.47 

Rp (%) 2.66 

 



Tab. S2. Orbital and spin moments of transition-metal ions and rare-earth ion of DCFRO. 

Considering Nd = 9, 5, 5 for Cu2+, Fe3+ and Dy3+ ions, respectively, orbital and spin moments of 

Cu2+, Fe3+ and Dy3+ in CCFRO can be obtained by the XMCD sum rules [27,28]. Here, Nd denotes 

the electron occupation number. XMCD of Cu2+, Fe3+ and Dy3+ ions were measured at 6 T, 8 K.  

Ions 
Morb 

(µB/atom) 

Mspin 

(µB/atom) 
Morb/Mspin 

Cu2+ 0.14 0.49 0.29 

Fe3+ 0.04 4.12 0.02 

Dy3+ 2.12 1.60 1.33 

 

 

Fig. S1. Specific heat of DyCu3Fe2Re2O12 calculated using the classical Monte Carlo method. The 

black curve is based on theoretically calculated exchange parameters. The red curve also takes into 

account quantum renormalization factor (S2 → S(S+1)). 

 

 

 

 


