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Section S1. Electronic structures 

 
Figure S1. Band structure of (a) FM, (b) AFM-1, (c) AFM-2 of phase DMA-1 and  (d) FM, (e) AFM-1, (f) 

AFM-2 of phase DMA-2 of VNU-15 by GGA+U calculation. The blue and red lines are for the up- and 

down-spins, respectively. The dotted line represents the Fermi level. High symmetry point S(-0.5, 0.5, 0), 

X(0, 0.5, 0), U(0, 0.5, 0.5), R(-0.5, 0.5, 0.5), G(0, 0, 0), Z(0, 0, 0.5), T(-0.5, 0, 0.5), Y(-0.5, 0, 0). 
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The electronic band structures for all magnetic configurations were calculated along the high-symmetry 

lines of the first Brillouin zone of VNU-15 structure, shown in Figure S1. The valence band and conduction 

band were formed from spin-down for FM states for both phases. The gap between the low-lying valence 

band and conduction band is about 1.76 eV and 1.62 eV for DMA-1 and DMA-2, respectively. 
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Figure S2. Partial Density of State (PDOS) of (a) FM, (b) AFM-1, (c) AFM-2 of phase DMA-1 and  (d) FM, 

(e) AFM-1, (f) AFM-2 of phase DMA-2 of VNU-15 using GGA+U, where the top and bottom sides are for 

the up- and down-spins, respectively. The dotted line represents the Fermi level.  
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To further understand the nature of band structure, the total DOS of VNU-15 and the partial DOS of 

ions around the Fermi energy 𝐸𝐹 in different magnetic configurations were examined, as displayed in Figure 

S2. In all magnetic configurations, the valence and conduction band for DMA-1 shows mainly Fe(1) and 

Fe(2) 3d orbitals contributions, respectively, whereas the situation is opposite for DMA-2. The low-lying 

band (below the valence band) is mainly centered on the orbitals of the SO4
2-

 ions for both phases. The spin-

polarized TDOS clearly displays a nearly symmetric feature in the spin-up and spin-down states for AFM 

configurations. On the other hand, in case of the ferromagnetic spin configuration, a remarkable difference 

between majority and minority spin is observed.  
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Figure S3. Partial Density of State (PDOS) of (a) FM, (b) AFM-1, (c) AFM-2 of phase DMA-1 and  (d) FM, 

(e) AFM-1, (f) AFM-2 of VNU-15 using GGA (collinear) calculations, where the top and bottom sides are 

for the up- and down-spins, respectively. The dotted line represents the Fermi level.  
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Section S2. Effective masses 

 

Figure S4. Three dimensional band structure for AFM-2 of phase DMA-2 of VNU-15 in majority spin. (a), 

(b), (c) the valence band in the 𝒌𝒙 − 𝒌𝒚, 𝒌𝒚 − 𝒌𝒛, 𝒌𝒙 − 𝒌𝒛 plane, respectively. (d), (e), (f) the conduction 

band in the 𝒌𝒙 − 𝒌𝒚, 𝒌𝒚 − 𝒌𝒛, 𝒌𝒙 − 𝒌𝒛 plane, respectively. The chosen k-points are all centered at S point. 
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Figure S5. Three dimensional band structure for AFM-2 of phase DMA-2 of VNU-15 in minority spin. (a), 

(b), (c) the valence band in the 𝒌𝒙 − 𝒌𝒚, 𝒌𝒚 − 𝒌𝒛, 𝒌𝒙 − 𝒌𝒛 plane, respectively. (d), (e), (f) the conduction 

band in the 𝒌𝒙 − 𝒌𝒚, 𝒌𝒚 − 𝒌𝒛, 𝒌𝒙 − 𝒌𝒛 plane, respectively. The chosen k-points are all centered at S point. 
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Section S3. Structural Data 

VNU-15_DMA-1.cif 

_symmetry_space_group_name_H-M    'FDD2' 

_symmetry_Int_Tables_number       43 

_symmetry_cell_setting            orthorhombic 

loop_ 

_symmetry_equiv_pos_as_xyz 

  x,y,z 

  -x,-y,z 

  x+1/4,-y+1/4,z+1/4 

  -x+1/4,y+1/4,z+1/4 

  x,y+1/2,z+1/2 

  -x,-y+1/2,z+1/2 

  x+1/4,-y+3/4,z+3/4 

  -x+1/4,y+3/4,z+3/4 

  x+1/2,y,z+1/2 

  -x+1/2,-y,z+1/2 

  x+3/4,-y+1/4,z+3/4 

  -x+3/4,y+1/4,z+3/4 

  x+1/2,y+1/2,z 

  -x+1/2,-y+1/2,z 

  x+3/4,-y+3/4,z+1/4 

  -x+3/4,y+3/4,z+1/4 

_cell_length_a                    39.7501 

_cell_length_b                    17.7463 

_cell_length_c                    17.0595 

_cell_angle_alpha               90.0000 

_cell_angle_beta                 90.0000 

_cell_angle_gamma            90.0000 

loop_ 

_atom_site_label 

_atom_site_type_symbol 

_atom_site_fract_x 

_atom_site_fract_y 

_atom_site_fract_z 

_atom_site_U_iso_or_equiv 

_atom_site_adp_type 

_atom_site_occupancy 

C1     C     0.56365   0.48514  -0.53932   0.01267  Uiso   1.00 

C5     C     1.04976   0.91113  -0.54296   0.01267  Uiso   1.00 

C9     C     1.01545   0.89992  -0.53951   0.01267  Uiso   1.00 

C13    C     0.50693   0.53756  -0.53661   0.01267  Uiso   1.00 

C17    C     0.54240   0.54749  -0.53524   0.01267  Uiso   1.00 

C21    C     0.53326   0.47403  -0.33952   0.01267  Uiso   1.00 

C22    C     1.03312   1.02642  -0.74059   0.01267  Uiso   1.00 

C29    C     0.55453   0.60510  -0.34473   0.01267  Uiso   1.00 
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C30    C     0.55548   0.89514  -0.23721   0.01267  Uiso   1.00 

C37    C     0.52613   0.55170  -0.33935   0.01267  Uiso   1.00 

C38    C     1.02664   0.94839  -0.74072   0.01267  Uiso   1.00 

C45    C     0.49287   0.57792  -0.33758   0.01267  Uiso   1.00 

C46    C     0.99333   0.92209  -0.74227   0.01267  Uiso   1.00 

C53    C     0.59873   0.99945  -0.41050   0.01267  Uiso   1.00 

C54    C     0.59430   0.49310  -0.17368   0.01267  Uiso   1.00 

C61    C     0.65444   0.93975  -0.43202   0.01267  Uiso   1.00 

C62    C     0.65142   0.54431  -0.15078   0.01267  Uiso   1.00 

C69    C     0.60056   0.49380  -0.54133   0.01267  Uiso   1.00 

H1     H     1.06646   0.86284  -0.54959   0.01267  Uiso   1.00 

H5     H     0.55277   0.60453  -0.53179   0.01267  Uiso   1.00 

H9     H     0.63043   0.95003  -0.32511   0.01267  Uiso   1.00 

H10    H     0.62711   0.53993  -0.25843   0.01267  Uiso   1.00 

H17    H     0.61130   0.88779  -0.38718   0.01267  Uiso   1.00 

H18    H     0.60983   0.60311  -0.19532   0.01267  Uiso   1.00 

H25    H     0.55947   0.45605  -0.34235   0.01267  Uiso   1.00 

H26    H     1.05923   1.04528  -0.73899   0.01267  Uiso   1.00 

H33    H     0.48825   0.63851  -0.33746   0.01267  Uiso   1.00 

H34    H     0.48879   0.86144  -0.24273   0.01267  Uiso   1.00 

H41    H     0.57653   0.99726  -0.37245   0.01267  Uiso   1.00 

H42    H     0.57208   0.49918  -0.21117   0.01267  Uiso   1.00 

H49    H     0.59128   0.48714   0.02894   0.01267  Uiso   1.00 

H50    H     0.58740   0.50508  -0.11271   0.01267  Uiso   1.00 

H57    H     0.61056   0.55510   0.09365   0.01267  Uiso   1.00 

H58    H     0.60459   0.43600  -0.17905   0.01267  Uiso   1.00 

H65    H     0.64782   0.92456  -0.49241   0.01267  Uiso   1.00 

H66    H     0.64486   0.55695  -0.08977   0.01267  Uiso   1.00 

H73    H     0.67147   0.89738  -0.40715   0.01267  Uiso   1.00 

H74    H     0.66944   0.58613  -0.17265   0.01267  Uiso   1.00 

H81    H     0.66648   0.99534  -0.42884   0.01267  Uiso   1.00 

H82    H     0.66232   0.48778  -0.15704   0.01267  Uiso   1.00 

H89    H     1.00542   0.84250  -0.54065   0.01267  Uiso   1.00 

N1     N     0.62315   0.94119  -0.38425   0.01267  Uiso   1.00 

N2     N     0.62026   0.54840  -0.19893   0.01267  Uiso   1.00 

S1     S     0.58114   0.78094  -0.47891   0.01267  Uiso   1.00 

S2     S     0.58310   0.71241  -0.10583   0.01267  Uiso   1.00 

O1     O     0.61667   0.55293  -0.51615   0.01267  Uiso   1.00 

O2     O     1.11998   0.94051  -0.56863   0.01267  Uiso   1.00 

O9     O     0.58854   0.80409  -0.39114   0.01267  Uiso   1.00 

O10    O     0.58804   0.69009  -0.19434   0.01267  Uiso   1.00 

O17    O     0.54911   0.67624  -0.33041   0.01267  Uiso   1.00 

O18    O     0.55032   0.82426  -0.25306   0.01267  Uiso   1.00 

O25    O     0.58334   0.57753  -0.36351   0.01267  Uiso   1.00 

O26    O     0.58454   0.92236  -0.21893   0.01267  Uiso   1.00 

O33    O     0.59653   0.70252  -0.48812   0.01267  Uiso   1.00 

O34    O     0.60142   0.78765  -0.09741   0.01267  Uiso   1.00 

O41    O     0.54503   0.77865  -0.49204   0.01267  Uiso   1.00 

O42    O     0.54746   0.72066  -0.08854   0.01267  Uiso   1.00 

O49    O     0.60027   0.83519  -0.52714   0.01267  Uiso   1.00 

O50    O     0.60120   0.65454  -0.06009   0.01267  Uiso   1.00 
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Fe1    Fe    0.58260   0.74858  -0.29225   0.01267  Uiso   1.00 

Fe5    Fe    0.62412   0.62260  -0.41853   0.01267  Uiso   1.00 

VNU-15_DMA-2.cif 

_symmetry_space_group_name_H-M    'FDD2' 

_symmetry_Int_Tables_number       43 

_symmetry_cell_setting            orthorhombic 

loop_ 

_symmetry_equiv_pos_as_xyz 

  x,y,z 

  -x,-y,z 

  x+1/4,-y+1/4,z+1/4 

  -x+1/4,y+1/4,z+1/4 

  x,y+1/2,z+1/2 

  -x,-y+1/2,z+1/2 

  x+1/4,-y+3/4,z+3/4 

  -x+1/4,y+3/4,z+3/4 

  x+1/2,y,z+1/2 

  -x+1/2,-y,z+1/2 

  x+3/4,-y+1/4,z+3/4 

  -x+3/4,y+1/4,z+3/4 

  x+1/2,y+1/2,z 

  -x+1/2,-y+1/2,z 

  x+3/4,-y+3/4,z+1/4 

  -x+3/4,y+3/4,z+1/4 

_cell_length_a                    39.9060 

_cell_length_b                    17.5297 

_cell_length_c                    17.1420 

_cell_angle_alpha               90.0000 

_cell_angle_beta                 90.0000 

_cell_angle_gamma            90.0000 

loop_ 

_atom_site_label 

_atom_site_type_symbol 

_atom_site_fract_x 

_atom_site_fract_y 

_atom_site_fract_z 

_atom_site_U_iso_or_equiv 

_atom_site_adp_type 

_atom_site_occupancy 

C1     C     0.56305   0.48512  -0.53859   0.01267  Uiso   1.00 

C5     C     1.04972   0.90978  -0.54029   0.01267  Uiso   1.00 

C9     C     1.01555   0.89866  -0.53767   0.01267  Uiso   1.00 

C13    C     0.50676   0.53811  -0.53625   0.01267  Uiso   1.00 

C17    C     0.54196   0.54823  -0.53531   0.01267  Uiso   1.00 

C21    C     0.53343   0.47430  -0.34602   0.01267  Uiso   1.00 

C22    C     1.03303   1.02808  -0.73415   0.01267  Uiso   1.00 

C29    C     0.55341   0.60918  -0.34734   0.01267  Uiso   1.00 

C30    C     0.55528   0.89401  -0.23326   0.01267  Uiso   1.00 

C37    C     0.52592   0.55269  -0.34544   0.01267  Uiso   1.00 

C38    C     1.02695   0.94903  -0.73431   0.01267  Uiso   1.00 
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C45    C     0.49259   0.57841  -0.34391   0.01267  Uiso   1.00 

C46    C     0.99387   0.92126  -0.73567   0.01267  Uiso   1.00 

C53    C     0.58673   0.50486   0.06307   0.01267  Uiso   1.00 

C54    C     0.57264   0.49778  -0.15667   0.01267  Uiso   1.00 

C61    C     0.64739   0.97194  -0.42530   0.01267  Uiso   1.00 

C62    C     0.63503   0.50286  -0.14878   0.01267  Uiso   1.00 

C69    C     0.59946   0.49564  -0.54190   0.01267  Uiso   1.00 

H1     H     1.06668   0.86120  -0.54415   0.01267  Uiso   1.00 

H5     H     0.55245   0.60583  -0.53322   0.01267  Uiso   1.00 

H9     H     0.61555   1.00273  -0.33468   0.01267  Uiso   1.00 

H10    H     0.60706   0.48742  -0.25019   0.01267  Uiso   1.00 

H17    H     0.60697   0.91415  -0.37633   0.01267  Uiso   1.00 

H18    H     0.60342   0.57703  -0.20906   0.01267  Uiso   1.00 

H25    H     0.55959   0.45613  -0.34878   0.01267  Uiso   1.00 

H26    H     1.05891   1.04840  -0.73290   0.01267  Uiso   1.00 

H33    H     0.48782   0.63968  -0.34332   0.01267  Uiso   1.00 

H34    H     0.48995   0.85966  -0.23646   0.01267  Uiso   1.00 

H41    H     0.56356   0.50742   0.09743   0.01267  Uiso   1.00 

H42    H     0.55188   0.50397  -0.19809   0.01267  Uiso   1.00 

H49    H     0.58275   0.46782   0.01235   0.01267  Uiso   1.00 

H50    H     0.56883   0.53737  -0.10785   0.01267  Uiso   1.00 

H57    H     0.59389   0.56250   0.04425   0.01267  Uiso   1.00 

H58    H     0.57392   0.43863  -0.13569   0.01267  Uiso   1.00 

H65    H     0.64670   0.93400  -0.47612   0.01267  Uiso   1.00 

H66    H     0.63623   0.54546  -0.10196   0.01267  Uiso   1.00 

H73    H     0.66581   0.95166  -0.38261   0.01267  Uiso   1.00 

H74    H     0.65718   0.50707  -0.18646   0.01267  Uiso   1.00 

H81    H     0.65363   1.03070  -0.44194   0.01267  Uiso   1.00 

H82    H     0.63332   0.44488  -0.12478   0.01267  Uiso   1.00 

H89    H     1.00530   0.84082  -0.53767   0.01267  Uiso   1.00 

N1     N     0.61371   0.97136  -0.38761   0.01267  Uiso   1.00 

N2     N     0.60456   0.51804  -0.19696   0.01267  Uiso   1.00 

S1     S     0.59240   0.79020  -0.47723   0.01267  Uiso   1.00 

S2     S     0.59819   0.70699  -0.10900   0.01267  Uiso   1.00 

O1     O     0.61486   0.55431  -0.51237   0.01267  Uiso   1.00 

O2     O     1.11891   0.94528  -0.57490   0.01267  Uiso   1.00 

O9     O     0.59153   0.81966  -0.39363   0.01267  Uiso   1.00 

O10    O     0.59350   0.67692  -0.19153   0.01267  Uiso   1.00 

O17    O     0.54680   0.67926  -0.33199   0.01267  Uiso   1.00 

O18    O     0.54892   0.82347  -0.24740   0.01267  Uiso   1.00 

O25    O     0.58339   0.58311  -0.36296   0.01267  Uiso   1.00 

O26    O     0.58535   0.92068  -0.21958   0.01267  Uiso   1.00 

O33    O     0.59481   0.70244  -0.47264   0.01267  Uiso   1.00 

O34    O     0.59977   0.79449  -0.11573   0.01267  Uiso   1.00 

O41    O     0.56213   0.81046  -0.52034   0.01267  Uiso   1.00 

O42    O     0.57001   0.68681  -0.05843   0.01267  Uiso   1.00 

O49    O     0.62374   0.81893  -0.51543   0.01267  Uiso   1.00 

O50    O     0.63105   0.67922  -0.07777   0.01267  Uiso   1.00 

Fe1    Fe    0.58301   0.75035  -0.29182   0.01267  Uiso   1.00 

Fe5    Fe    0.62327   0.62474  -0.41899   0.01267  Uiso   1.00 
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