






Fig. S6 

 

Fig. S6: Lattice constants of HC(ND2)2PbI3 as a function of temperature. The lattice 
constants determined by the Rietveld refinements of neutron diffraction (squares) and 
synchrotron x-ray (triangles) data, some of which are shown in Fig. S4 and S5, are plotted as a 
function of temperature; red, orange, and green symbols are ! ! !

! !

!
! ! !  , respectively, where ! !  is 

the cubic lattice constant, and ! ! ! ! !  are the lattice constants of the Tet IT phase. The squares in 
cyan and blue are the lattice constants for the hexagonal phases, ! !

!
 and ! ! !

!
, some of which have 

been reported in Ref. (S3). 

 

 

 

  



Fig. S7 

 

Fig. S7: Electronic band structure of HC(NH2)2PbI3 for the cubic, Hex IT and Tet IT 
phases. Electronic band structures were obtained by DFT calculations for (A) the cubic, (B) Hex 
IT and (C) Tet IT phases of HC(NH2)2PbI3. 

 

  



Fig. S8 

 

Fig. S8: Electronic band structure of HC(NH2)2PbI3 for the Hex LT and Tet LT phases. 
Electronic band structures were obtained by DFT calculations for (A) Hex LT and (B) Tet LT 
phases. The crystal structures for Hex IT phases were taken from Ref. (S3), while the crystal 
structure of the Tet LT phase was determined by Rietveld refinement of neutron diffraction and 
synchrotron x-ray data taken at 100 K. Here all the crystallographically equivalent positions of 
the FA+ molecule are shown. The geometry of a single FA+ molecule is shown in the inset of 
Fig. 5F.  

  



Fig. S9 

 

Fig. S9: Electronic band structure of CH3NH3PbI3. Electronic band structures were obtained 
by DFT calculations for (A) cubic, (B) tetragonal and (C) orthorhombic phases of CH3NH3PbI3. 
The crystal structures used were from previous neutron and x-ray diffraction studies (S8, S9). 

 

  



Fig. S10 

 

Fig. S10: Electronic charge densities of CH3NH3
+ and HC(NH2)2

+ cations. In order to show 
clearly the electric polarity in the molecule, the charge density was subtracted from a direct sum 
of single-atom charge densities of each atom. The blue and red surfaces are isosurfaces of 
“excessive” electrons and holes, respectively. 

 

  



Fig. S11 

 

Fig. S11: Isotropic thermal factor of Pb, I and organic cation of FAPbI3 as a function of 
temperature. These factors were obtained for (A) HEAT1 and (B) HEAT2 by Rietveld 
refinement of synchrotron X-ray (filled symbols) and neutron (open symbols) diffraction data.  

 

  



Fig. S12 

 

Fig. S12: Isotropic thermal factor of Pb, I and organic cation of MAPbI3 as a function of 
temperature. These factors were obtained by Rietveld refinement of synchrotron X-ray (filled 
symbols) and neutron (open symbols) diffraction data.  

 

 

 


