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Formalism based on Voigt-Reuss-Hill (VRH) approximation for the evaluation of 
direction-averaged bulk modulus (B) and shear modulus (G)  
 

(1) Under Voigt [1] and Reuss [2] approximation, the bulk modules and shear modulus of a tetragonal crystal 

can be expressed as: 
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The bulk modules and shear moduli of an orthorhombic crystal can be expressed as: 
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Figure S1 Optimized crystal structures of (a) CuO and (b) P2O5. 

 

Figure S2 The local crystal structure of a pyrophosphate group [P2O7]4- in α-Cu2P2O7. (For interpretation of the color 

code in this figure, the reader is referred to the web version of the main article.)  

 



 
Figure S3 Electronic energy band structures calculated using PBE functional for α-Cu2P2O7 in (a) FM, (b) AFM-1, (c) 

AFM-2, and (d) AFM-3 magnetic states. 

 
Figure S4 Electronic energy band structures calculated using PBE0 functional for α-Cu2P2O7 in (a) FM, (b) AFM-1, 

(c) AFM-2, and (d) AFM-3 magnetic states. 

 

 
 
 



 
Figure S5 Different representations of the Cu local environment: (a) the [CuO5] pyramid and (b) the [CuO4] distorted 

plaquette.  

 

 
Figure S6 Charge density in the (-1.5, 1, -2.5) plane with [Cu2O6] layer in α-Cu2P2O7 in four different magnetic states 

calculated using HSE functional. The isosurface level of the charge density is set at 0.3 e/Å3. 
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