
example_3/bcs_file_3698.mcif
#\#CIF_2.0
# Created by the Bilbao Crystallographic Server
# http://www.cryst.ehu.es
# Date: 06/06/2019 10:29:00
# Ho2BaNiO5.cif

data_5yOhtAoR
_audit_creation_date            2019-06-06
_audit_creation_method          "Bilbao Crystallographic Server"

_citation_journal_abbrev        ?
_citation_journal_volume        ?
_citation_page_first            ?
_citation_page_last             ?
_citation_article_id            ?
_citation_year                  ?
_citation_DOI                   ?

loop_
_citation_author_name
?

_atomic_positions_source_database_code_ICSD  ?
_atomic_positions_source_other               ?

_transition_temperature  ?
_experiment_temperature  ?

loop_
_irrep_id
_irrep_dimension
_irrep_small_dimension
_irrep_direction_type
_irrep_action
_irrep_modes_number
_irrep_presence
?  ?  ?  ?  ?  ?  ?

_exptl_crystal_magnetic_properties_details
;
;

_active_magnetic_irreps_details
;
;

_parent_space_group.name_H-M_alt  'N  o  .  71'
_parent_space_group.IT_number                       71
_parent_space_group.transform_Pp_abc  'a,b,c;0,0,0'

loop_
_parent_propagation_vector.id
_parent_propagation_vector.kxkykz
? [? ? ?]

_parent_space_group.child_transform_Pp_abc  '2a,b,2c;0,0,0'
_space_group_magn.transform_BNS_Pp_abc  '1/2a-1/2c,b,a;0,0,0'



_space_group_magn.number_BNS  15.90
_space_group_magn.name_BNS  "C_c  2/c"
_cell_length_a             7.50910
_cell_length_b             5.73190
_cell_length_c             22.54300
_cell_angle_alpha          90.00
_cell_angle_beta           90.00
_cell_angle_gamma          90.00

loop_
_space_group_symop_magn_operation.id
_space_group_symop_magn_operation.xyz
1 x,y,z,+1 
2 -x+1/2,y,-z,+1 
3 -x,-y,-z,+1 
4 x+1/2,-y,z,+1 

loop_
_space_group_symop_magn_centering.id
_space_group_symop_magn_centering.xyz
1 x,y,z,+1 
2 x+1/4,y+1/2,z+3/4,+1 
3 x+1/2,y,z+1/2,+1 
4 x+3/4,y+1/2,z+1/4,+1 
5 x+1/2,y,z,-1 
6 x+3/4,y+1/2,z+3/4,-1 
7 x,y,z+1/2,-1 
8 x+1/4,y+1/2,z+1/4,-1 

loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
Ho1 Ho 0.25000 0.00000 0.10125
Ba1 Ba 0.25000 0.50000 0.00000
Ni1 Ni 0.00000 0.00000 0.00000
O1 O 0.00000 0.24140 0.07475
O2 O 0.00000 0.50000 0.25000

loop_
_atom_site_moment.label
_atom_site_moment.crystalaxis_x
_atom_site_moment.crystalaxis_y
_atom_site_moment.crystalaxis_z
_atom_site_moment.symmform
Ho1 0.00000 0.00000 0.00000 mx,0,mz
Ni1 0.00000 0.00000 0.00000 mx,0,mz



example_3/bcs_file_3698.pcr
COMM PCR-template automatically generated by mCIF_to_PCR for: bcs_file_3698
! Current global Chi2 (Bragg contrib.) =      46.41    
! Files => DAT-file: hobk.dat,  PCR-file: bcs_file_3698
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   1  22   2   0   1   0   0   0   0   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   3   0   1   0   1   0   4   0   0  -3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.520000 2.520000  0.00000   30.000 15.0000  0.0000  0.0000  180.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.02  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
! Excluded regions (LowT  HighT) for Pattern#  1
        0.00        2.00
      130.00      180.00
! 
!
      12    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.08885   71.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!---------------------------------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:     4.17  Magnetic R-Factor:     3.58
!---------------------------------------------------------------------------------------------------------
Nuclear and Magnetic Structure of: bcs_file_3698   VARY mxmymz cell
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   5   0   0 0.0 0.0 1.0  10   0   2   0   0        605.898   0   7   0
!
C_c2/c  number:15.90     <--Magnetic Space group symbol (BNS symbol & number)                                                                                                                                                                                   
Transform to standard: 1/2a-1/2c,b,a;0,0,0                                                                                                                                                                                                                      
Parent Space Group: No.71     IT_number:   71                                                                                                                                                                                                                   
Transform from Parent: 2a,b,2c;0,0,0                                                                                                                                                                                                                            
! Nsym   Cen  N_Clat N_Ant                                                                                                                                                                                                                                      
     2     2     3     4                                                                                                                                                                                                                                        
!                                                                                                                                                                                                                                                               
! Centring vectors                                                                                                                                                                                                                                              
   0.50000   0.00000   0.50000                                                                                                                                                                                                                                  
   0.25000   0.50000   0.75000                                                                                                                                                                                                                                  
   0.75000   0.50000   0.25000                                                                                                                                                                                                                                  
! Anti-Centring vectors                                                                                                                                                                                                                                         
   0.00000   0.00000   0.50000                                                                                                                                                                                                                                  
   0.50000   0.00000   0.00000                                                                                                                                                                                                                                  
   0.25000   0.50000   0.25000                                                                                                                                                                                                                                  
   0.75000   0.50000   0.75000                                                                                                                                                                                                                                  
! Symmetry operators                                                                                                                                                                                                                                            
  1 x,y,z,+1                                                                                                                                                                                                                                                    
  2 -x,y,-z,-1                                                                                                                                                                                                                                                  
!                                                                                                                                                                                                                                                               
!Atom   Typ    Mag Vek      X         Y         Z       Biso      Occ    N_type  Spc/Fftype /Line below:Codes
!       Rx       Ry        Rz        Ix        Iy        Iz      MagPh  / Line below:Codes
!      beta11   beta22   beta33   beta12   beta13   beta23  / Line below:Codes
Ho1    JHO3      1  0    0.25000   0.00000   0.10125   0.00000   0.50000    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     0.13652   0.00000   9.03298   0.00000   0.00000   0.00000   0.00000 <-MagPar
       11.00      0.00     31.00      0.00      0.00      0.00      0.00
Ba1    Ba        1  0    0.25000   0.50000   0.00000   0.00000   0.25000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
Ni1    MNI2      1  0    0.00000   0.00000   0.00000   0.00000   0.25000    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     1.01602   0.00000  -1.34972   0.00000   0.00000   0.00000   0.00000 <-MagPar
       41.00      0.00     21.00      0.00      0.00      0.00      0.00
O1     O         1  0    0.00000   0.24140   0.07475   0.00000   1.00000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
O2     O         1  0    0.00000   0.50000   0.25000   0.00000   0.25000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  3.4464       0.00000   0.00000   0.00000   0.00000   0.00000       0
    51.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.610000  -1.040000   0.350000   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   7.497288   5.721385  22.507454  90.005440  89.942444  90.013344   #
   61.00000   81.00000   91.00000  101.00000  111.00000  121.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  1.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      10.010      89.810       1




example_3/bcs_file_36981.mcif
##############################################################################
###      FullProf-generated mCIF output file   (version: May 2019)         ###
##############################################################################
 
# Please notify any error or suggestion to: 
#           Juan Rodriguez-Carvajal (jrc@ill.eu)
# Improvements will be progressively added as needed.
 
#=============================================================================
 data_global
#=============================================================================
 
data_
_citation_journal_abbrev ?
_citation_journal_volume ?
_citation_page_first     ?
_citation_page_last      ?
_citation_article_id     ?
_citation_year           ?
loop_
_citation_author_name
?

_atomic_positions_source_database_code_ICSD  ?
_atomic_positions_source_other    .  

_Neel_temperature  ?
_magn_diffrn_temperature  ?
_exptl_crystal_magnetic_properties_details
;
;
_active_magnetic_irreps_details
;
;
 
_magnetic_space_group_standard_setting  'no'
_parent_space_group.name_H-M  "No.71"
_parent_space_group.IT_number   71

_space_group_magn.number_BNS 15.90
_space_group_magn.name_BNS   C_c2/c
_parent_space_group.transform_Pp_abc  ''
_parent_space_group.child_transform_Pp_abc  '2a,b,2c;0,0,0'
_magnetic_space_group.transform_BNS_Pp_abc  '1/2a-1/2c,b,a;0,0,0'
_space_group_magn.number_OG  ?
_space_group_magn.name_OG    ?


_cell_length_a     7.4973(3)
_cell_length_b     5.7214(2)
_cell_length_c     22.5075(16)
_cell_angle_alpha  90.005(4)
_cell_angle_beta   89.942(5)
_cell_angle_gamma  90.013(4)


loop_
    _space_group_symop_magn_operation.id
    _space_group_symop_magn_operation.xyz
   1  x,y,z,+1
   2  -x,y,-z,-1
   3  -x,-y,-z,+1
   4  x,-y,z,-1

loop_
    _space_group_symop_magn_centering.id
    _space_group_symop_magn_centering.xyz
   1  x,y,z,+1
   2  x+1/2,y,z+1/2,+1
   3  x+1/4,y+1/2,z+3/4,+1
   4  x+3/4,y+1/2,z+1/4,+1
   5  x,y,z+1/2,-1
   6  x+1/2,y,z,-1
   7  x+1/4,y+1/2,z+1/4,-1
   8  x+3/4,y+1/2,z+3/4,-1

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_occupancy
    _atom_site_adp_type
 Ho1 Ho  0.25000  0.00000  0.10125  0.00000  1.00000 Uiso
 Ba1 Ba  0.25000  0.50000  0.00000  0.00000  1.00000 Uiso
 Ni1 Ni  0.00000  0.00000  0.00000  0.00000  1.00000 Uiso
 O1 O  0.00000  0.24140  0.07475  0.00000  1.00000 Uiso
 O2 O  0.00000  0.50000  0.25000  0.00000  1.00000 Uiso
 

loop_
    _atom_site_moment.label
    _atom_site_moment.crystalaxis_x
    _atom_site_moment.crystalaxis_y
    _atom_site_moment.crystalaxis_z
 Ho1  0.14(6)  0.00000  9.03(5)
 Ni1  1.02(12)  0.00000 -1.35(5)





example_3/Ho2BaNiO5.cif
#======================================================================

# CRYSTAL DATA

#----------------------------------------------------------------------

data_VESTA_phase_1


_chemical_name_common                  ''
_cell_length_a                         3.75453(7)
_cell_length_b                         5.7319(4)
_cell_length_c                         11.2715(4)
_cell_angle_alpha                      90
_cell_angle_beta                       90
_cell_angle_gamma                      90
_space_group_name_H-M_alt              'I m m m'
_space_group_IT_number                 71

loop_
_space_group_symop_operation_xyz
   'x, y, z'
   '-x, -y, -z'
   '-x, -y, z'
   'x, y, -z'
   '-x, y, -z'
   'x, -y, z'
   'x, -y, -z'
   '-x, y, z'
   'x+1/2, y+1/2, z+1/2'
   '-x+1/2, -y+1/2, -z+1/2'
   '-x+1/2, -y+1/2, z+1/2'
   'x+1/2, y+1/2, -z+1/2'
   '-x+1/2, y+1/2, -z+1/2'
   'x+1/2, -y+1/2, z+1/2'
   'x+1/2, -y+1/2, -z+1/2'
   '-x+1/2, y+1/2, z+1/2'

loop_
   _atom_site_label
   _atom_site_occupancy
   _atom_site_fract_x
   _atom_site_fract_y
   _atom_site_fract_z
   _atom_site_adp_type
   _atom_site_B_iso_or_equiv
   _atom_site_type_symbol
   Ho1        1.0     0.500000      0.000000      0.2025(4)    Biso  1.000000 Ho
   Ba1        1.0     0.500000      0.500000      0.000000     Biso  1.000000 Ba
   Ni1        1.0     0.000000      0.000000      0.000000     Biso  1.000000 Ni
   O1         1.0     0.000000      0.2414(16)    0.1495(7)    Biso  1.000000 O
   O2         1.0     0.500000      0.000000      0.000000     Biso  1.000000 O




example_3/Ho2BaNiO5.pcr
COMM  Phases extracted from file: Ho2BaNiO5
! Current global Chi2 (Bragg contrib.) =      48.94    
! Files => DAT-file: hobk.dat,  PCR-file: Ho2BaNiO5
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   2  22   2   0   1   1   0   0   1   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   0   0   1   0   1   0   4   0   0   3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.520000 2.520000  0.00000   40.000 15.0000  0.0000  0.0000  180.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.10  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
! Excluded regions (LowT  HighT) for Pattern#  1
        0.00       10.00
       90.00      180.00
! 
!
       5    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.07886   31.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!-------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:     3.45
!-------------------------------------------------------------------------------
Ho2BaNiO5.cif  VARY cell
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   5   0   0 0.0 0.0 1.0   0   0   0   0   0       1211.796   0   7   0
!
!
I m m m                  <--Space group symbol
!Atom   Typ       X        Y        Z     Biso       Occ     In Fin N_t Spc /Codes
Ho1    Ho      0.50000  0.00000  0.20250  1.00000   0.25000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ba1    Ba      0.50000  0.50000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ni1    Ni      0.00000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O1     O       0.00000  0.24140  0.14950  1.00000   0.50000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O2     O       0.50000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  60.585       0.00000   0.00000   0.00000   0.00000   0.00000       0
    11.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.610000  -1.040000   0.350000   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.747786   5.720749  11.250452  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  1.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!-------------------------------------------------------------------------------
!  Data for PHASE number:   2  ==> Current R_Bragg for Pattern#  1:     0.12
!-------------------------------------------------------------------------------
Ho2BaNiO5.cif  magnetic
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   0   0   0 0.0 0.0 1.0   2   2   0   0   0       1211.796   1   7   0
!
!
I -1                     <--Space group symbol
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  66.938       0.00000   0.00000   0.00000   0.00000   0.00000       0
     0.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.610000  -1.040000   0.350000   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.747786   5.720749  11.250452  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  1.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
! Propagation vectors: 
   0.5000000   0.0000000   0.5000000          Propagation Vector  1
    0.000000    0.000000    0.000000
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      11.000      89.810       1




example_3/hobk.dat
    1
 12-OCT-90 15:55:51  REGINOJUAN  Ho2BaNiO5 SLOW HEATING
  1  11039    11040
     1572452.     600.   10.010  -69.110    0.000    0.000    0.000    0.000    0.200    1.400    1.488    1.422
 400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 CALIBRATED WITH VANA NUMORS :  9502 TO  9515
 1    8539 1    8539 1    8150 1    7823 1    7916 1    7773 1    7739 1    7601 1    7493 1    7436
 1    7568 1    7606 1    7602 1    7458 1    7655 1    7315 1    7570 1    7607 1    8248 1    8085
 1    7440 1    7503 1    7380 1    7147 1    7106 1    7138 1    7166 1    7145 1    7298 1    7180
 1    7248 1    7402 1    7444 1    7063 1    7044 1    7109 1    7123 1    7235 1    7100 1    7238
 1    7162 1    7144 1    7593 1    8091 1    7776 1    7437 1    7702 1    8161 1    8046 1    8353
 1   16388 1   67488 1  139530 1  121676 1   39041 1    9776 1    8165 1    7647 1    7463 1    7721
 1    7309 1    7054 1    6935 1    6967 1    7005 1    6915 1    6798 1    6933 1    6731 1    6925
 1    7080 1    6987 1    6802 1    7037 1    6911 1    7041 1    7059 1    6934 1    7055 1    7133
 1    7279 1    7095 1    7243 1    7368 1    7584 1    7801 1   16862 1   58641 1   89631 1   51862
 1   13064 1    9471 1   21589 1   47118 1   45192 1   18004 1    8061 1    7339 1    7262 1    7211
 1    7086 1    7016 1    7370 1    7345 1    7121 1    7217 1    7026 1    7051 1    7222 1    7086
 1    7454 1    7432 1    8460 1   23950 1   68083 1   78128 1   31169 1    9367 1    7848 1    7743
 1    7726 1    7627 1    7369 1    6953 1    6894 1    7105 1    7044 1    7066 1    7005 1    7099
 1    7105 1    7172 1    7401 1    7572 1    7628 1    7719 1    7980 1   11777 1   52521 1  144501
 1  135895 1   43387 1   10247 1    8351 1    7735 1    7458 1    7572 1    8039 1    7461 1    7211
 1    6990 1    6934 1    7108 1    7020 1    6715 1    7026 1    7418 1    9713 1   12219 1   10465
 1    7270 1    6890 1    6817 1    6574 1    6626 1    6776 1    6830 1    6789 1    6667 1    6853
 1    6885 1    6765 1    6912 1    6899 1    6816 1    6835 1    6512 1    6760 1    7058 1    7523
 1    6709 1    6921 1    7323 1    7457 1    6946 1    6939 1    7834 1    9379 1    9363 1    7658
 1    6953 1    6745 1    6859 1    7231 1    8113 1    8615 1    7686 1    7010 1    7072 1    6956
 1    7026 1    8048 1   11925 1   14856 1   11485 1    7668 1    7033 1    7041 1    6971 1    7081
 1    8293 1   11409 1   12520 1    9739 1    7548 1    7721 1    8801 1    8817 1    7808 1    7215
 1    7216 1    7363 1   10491 1   27052 1   52235 1   47013 1   21655 1    9011 1    7517 1    7350
 1    7447 1    8072 1   14884 1   33043 1   42827 1   30243 1   22205 1   24996 1   21073 1   11815
 1    7733 1    7311 1    7190 1    7270 1    7745 1    9897 1   13479 1   13786 1   12162 1   21179
 1   43189 1   49776 1   31118 1   14663 1   15175 1   20306 1   18242 1   11996 1    7719 1    7303
 1    7204 1    7044 1    6991 1    6983 1    7053 1    6871 1    6994 1    7189 1    7360 1    9266
 1   16696 1   23994 1   22718 1   14781 1    8756 1    7332 1    7104 1    6994 1    7084 1    6876
 1    7519 1    7021 1    7043 1    7559 1    9964 1   15444 1   19186 1   16867 1   11653 1    8316
 1    7670 1    8086 1   10091 1   16768 1   23846 1   24164 1   17579 1   10683 1    8321 1   12642
 1   22998 1   41219 1   43143 1   30390 1   15583 1    8658 1    7412 1    7257 1    7456 1    7539
 1    7976 1    7973 1    7837 1    7876 1    8011 1    8181 1    8374 1    8576 1   12506 1   18486
 1   22389 1   20785 1   15594 1   10965 1    9339 1    9374 1   12349 1   18913 1   24249 1   23923
 1   18460 1   11939 1    8364 1    7362 1    7354 1    7570 1    9888 1   18775 1   33401 1   41340
 1   41837 1   30367 1   17854 1    9702 1    8718 1   11294 1   14454 1   16053 1   14378 1   11426
 1    9601 1   13208 1   24410 1   37228 1   43747 1   39406 1   29903 1   20542 1   15127 1   12377
 1   10170 1    8366 1    7247 1    6937 1    6993 1    6984 1    7066 1    7014 1    8651 1   13933
 1   27403 1   44130 1   56720 1   60428 1   53600 1   41716 1   28303 1   18560 1   13213 1   11011
 1    8068 1   12225 1   12889 1   13225 1   15720 1   18793 1   20987 1   21296 1   18057 1   13746
 1    9928 1    7945 1    8593 1   11746 1   16592 1   20854 1   22476 1   20185 1   15969 1   15969
     -1000
    -10000




example_3/inst_pcr.inf
lambda   2.52
thrange   5    0.05    130
uvwxy     1.610000     -1.040000     0.350000      0.0  0.0
instrm   3
background  22
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00  



example_3/mcif/Ca_m_m_a.mcif
#\#CIF_2.0
# Created by the Bilbao Crystallographic Server
# http://www.cryst.ehu.es
# Date: 20/05/2019 18:08:17
# Ho2BaNiO5.cif

data_5yOhtAoR
_audit_creation_date            2019-05-20
_audit_creation_method          "Bilbao Crystallographic Server"

_citation_journal_abbrev        ?
_citation_journal_volume        ?
_citation_page_first            ?
_citation_page_last             ?
_citation_article_id            ?
_citation_year                  ?
_citation_DOI                   ?

loop_
_citation_author_name
?

_atomic_positions_source_database_code_ICSD  ?
_atomic_positions_source_other               ?

_transition_temperature  ?
_experiment_temperature  ?

loop_
_irrep_id
_irrep_dimension
_irrep_small_dimension
_irrep_direction_type
_irrep_action
_irrep_modes_number
_irrep_presence
?  ?  ?  ?  ?  ?  ?

_exptl_crystal_magnetic_properties_details
;
;

_active_magnetic_irreps_details
;
;

_parent_space_group.name_H-M_alt  'N  o  .  71'
_parent_space_group.IT_number                       71
_parent_space_group.transform_Pp_abc  'a,b,c;0,0,0'

loop_
_parent_propagation_vector.id
_parent_propagation_vector.kxkykz
? [? ? ?]

_parent_space_group.child_transform_Pp_abc  '2a,b,2c;0,0,0'
_space_group_magn.transform_BNS_Pp_abc  'a,c,-b;1/4,0,1/4'



_space_group_magn.number_BNS  67.509
_space_group_magn.name_BNS  "C_a  m  m  a"
_cell_length_a             7.50910
_cell_length_b             5.73190
_cell_length_c             22.54300
_cell_angle_alpha          90.00
_cell_angle_beta           90.00
_cell_angle_gamma          90.00

loop_
_space_group_symop_magn_operation.id
_space_group_symop_magn_operation.xyz
1 x,y,z,+1 
2 x,-y,-z+1/2,+1 
3 -x,-y,z,+1 
4 -x,y,-z+1/2,+1 
5 -x+1/2,-y,-z+1/2,+1 
6 -x+1/2,y,z,+1 
7 x+1/2,y,-z+1/2,+1 
8 x+1/2,-y,z,+1 

loop_
_space_group_symop_magn_centering.id
_space_group_symop_magn_centering.xyz
1 x,y,z,+1 
2 x+1/2,y,z+1/2,+1 
3 x,y,z+1/2,-1 
4 x+1/2,y,z,-1 

loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
Ho1_1 Ho 0.25000 0.00000 0.10125
Ho1_2 Ho  0.00000 0.50000 0.35125
Ba1_1 Ba 0.25000 0.50000 0.00000
Ba1_2 Ba  0.00000 0.00000 0.25000
Ni1_1 Ni 0.00000 0.00000 0.00000
Ni1_2 Ni  0.25000 0.50000 0.25000
O1_1 O 0.00000 0.24140 0.07475
O1_2 O  0.25000 0.74140 0.32475
O2_1 O 0.00000 0.50000 0.25000
O2_2 O  0.25000 0.00000 0.00000

loop_
_atom_site_moment.label
_atom_site_moment.crystalaxis_x
_atom_site_moment.crystalaxis_y
_atom_site_moment.crystalaxis_z
_atom_site_moment.symmform
Ho1_1 0.00000 0.00000 0.00000 mx,0,0
Ho1_2 0.00000 0.00000 0.00000 0,0,mz
Ni1_1 0.00000 0.00000 0.00000 0,0,mz
Ni1_2 0.00000 0.00000 0.00000 mx,0,0



example_3/mcif/Cc_2_c_15_90.mcif
#\#CIF_2.0
# Created by the Bilbao Crystallographic Server
# http://www.cryst.ehu.es
# Date: 20/05/2019 15:15:22
# Ho2BaNiO5.cif

data_5yOhtAoR
_audit_creation_date            2019-05-20
_audit_creation_method          "Bilbao Crystallographic Server"

_citation_journal_abbrev        ?
_citation_journal_volume        ?
_citation_page_first            ?
_citation_page_last             ?
_citation_article_id            ?
_citation_year                  ?
_citation_DOI                   ?

loop_
_citation_author_name
?

_atomic_positions_source_database_code_ICSD  ?
_atomic_positions_source_other               ?

_transition_temperature  ?
_experiment_temperature  ?

loop_
_irrep_id
_irrep_dimension
_irrep_small_dimension
_irrep_direction_type
_irrep_action
_irrep_modes_number
_irrep_presence
?  ?  ?  ?  ?  ?  ?

_exptl_crystal_magnetic_properties_details
;
;

_active_magnetic_irreps_details
;
;

_parent_space_group.name_H-M_alt  'N  o  .  71'
_parent_space_group.IT_number                       71
_parent_space_group.transform_Pp_abc  'a,b,c;0,0,0'

loop_
_parent_propagation_vector.id
_parent_propagation_vector.kxkykz
? [? ? ?]

_parent_space_group.child_transform_Pp_abc  '2a,b,2c;0,0,0'
_space_group_magn.transform_BNS_Pp_abc  '1/2a-1/2c,b,a;0,0,0'



_space_group_magn.number_BNS  15.90
_space_group_magn.name_BNS  "C_c  2/c"
_cell_length_a             7.50910
_cell_length_b             5.73190
_cell_length_c             22.54300
_cell_angle_alpha          90.00
_cell_angle_beta           90.00
_cell_angle_gamma          90.00

loop_
_space_group_symop_magn_operation.id
_space_group_symop_magn_operation.xyz
1 x,y,z,+1 
2 -x+1/2,y,-z,+1 
3 -x,-y,-z,+1 
4 x+1/2,-y,z,+1 

loop_
_space_group_symop_magn_centering.id
_space_group_symop_magn_centering.xyz
1 x,y,z,+1 
2 x+1/4,y+1/2,z+3/4,+1 
3 x+1/2,y,z+1/2,+1 
4 x+3/4,y+1/2,z+1/4,+1 
5 x+1/2,y,z,-1 
6 x+3/4,y+1/2,z+3/4,-1 
7 x,y,z+1/2,-1 
8 x+1/4,y+1/2,z+1/4,-1 

loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
Ho1 Ho 0.25000 0.00000 0.10125
Ba1 Ba 0.25000 0.50000 0.00000
Ni1 Ni 0.00000 0.00000 0.00000
O1 O 0.00000 0.24140 0.07475
O2 O 0.00000 0.50000 0.25000

loop_
_atom_site_moment.label
_atom_site_moment.crystalaxis_x
_atom_site_moment.crystalaxis_y
_atom_site_moment.crystalaxis_z
_atom_site_moment.symmform
Ho1 0.00000 0.00000 0.00000 mx,0,mz
Ni1 0.00000 0.00000 0.00000 mx,0,mz



example_3/mcif/Cc_2_m_12_63.mcif
#\#CIF_2.0
# Created by the Bilbao Crystallographic Server
# http://www.cryst.ehu.es
# Date: 20/05/2019 15:33:39
# Ho2BaNiO5.cif

data_5yOhtAoR
_audit_creation_date            2019-05-20
_audit_creation_method          "Bilbao Crystallographic Server"

_citation_journal_abbrev        ?
_citation_journal_volume        ?
_citation_page_first            ?
_citation_page_last             ?
_citation_article_id            ?
_citation_year                  ?
_citation_DOI                   ?

loop_
_citation_author_name
?

_atomic_positions_source_database_code_ICSD  ?
_atomic_positions_source_other               ?

_transition_temperature  ?
_experiment_temperature  ?

loop_
_irrep_id
_irrep_dimension
_irrep_small_dimension
_irrep_direction_type
_irrep_action
_irrep_modes_number
_irrep_presence
?  ?  ?  ?  ?  ?  ?

_exptl_crystal_magnetic_properties_details
;
;

_active_magnetic_irreps_details
;
;

_parent_space_group.name_H-M_alt  'N  o  .  71'
_parent_space_group.IT_number                       71
_parent_space_group.transform_Pp_abc  'a,b,c;0,0,0'

loop_
_parent_propagation_vector.id
_parent_propagation_vector.kxkykz
? [? ? ?]

_parent_space_group.child_transform_Pp_abc  '2a,b,2c;0,0,0'
_space_group_magn.transform_BNS_Pp_abc  '1/2a-1/2c,b,a;0,0,0'



_space_group_magn.number_BNS  12.63
_space_group_magn.name_BNS  "C_c  2/m"
_cell_length_a             7.50910
_cell_length_b             5.73190
_cell_length_c             22.54300
_cell_angle_alpha          90.00
_cell_angle_beta           90.00
_cell_angle_gamma          90.00

loop_
_space_group_symop_magn_operation.id
_space_group_symop_magn_operation.xyz
1 x,y,z,+1 
2 -x,y,-z,+1 
3 -x,-y,-z,+1 
4 x,-y,z,+1 

loop_
_space_group_symop_magn_centering.id
_space_group_symop_magn_centering.xyz
1 x,y,z,+1 
2 x+1/4,y+1/2,z+3/4,+1 
3 x+1/2,y,z+1/2,+1 
4 x+3/4,y+1/2,z+1/4,+1 
5 x+1/2,y,z,-1 
6 x+3/4,y+1/2,z+3/4,-1 
7 x,y,z+1/2,-1 
8 x+1/4,y+1/2,z+1/4,-1 

loop_
_atom_site_label
_atom_site_type_symbol
_atom_site_fract_x
_atom_site_fract_y
_atom_site_fract_z
Ho1 Ho 0.25000 0.00000 0.10125
Ba1 Ba 0.25000 0.50000 0.00000
Ni1 Ni 0.00000 0.00000 0.00000
O1 O 0.00000 0.24140 0.07475
O2 O 0.00000 0.50000 0.25000

loop_
_atom_site_moment.label
_atom_site_moment.crystalaxis_x
_atom_site_moment.crystalaxis_y
_atom_site_moment.crystalaxis_z
_atom_site_moment.symmform
Ho1 0.00000 0.00000 0.00000 0,my,0
Ni1 0.00000 0.00000 0.00000 0,my,0



example_3/solution_2/Cc_2_c_15_90.pcr
COMM # Ho2BaNiO5
! Current global Chi2 (Bragg contrib.) =      57.87    
! Files => DAT-file: hobk.dat,  PCR-file: Cc_2_c_15_90
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   1  22   0   0   0   1   0   0   1   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   0   0   1   0   1   0   4   0   0   3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.524000 2.524000  1.00000   30.000  5.0000  0.0000  0.0000   90.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.10  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
!
       6    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.09302   31.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!-------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:     3.86
!-------------------------------------------------------------------------------
Nuclear and Magnetic Structure of: Cc_2_c_15_90   VARY mxmymz
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   5   0   0 0.0 0.0 1.0  10   0   2   0   0        605.898   0   7   0
!
C_c2/c  number:15.90     <--Magnetic Space group symbol (BNS symbol & number)                                                                                                                                                                                   
Transform to standard: 1/2a-1/2c,b,a;0,0,0                                                                                                                                                                                                                      
Parent Space Group: No.71     IT_number:   71                                                                                                                                                                                                                   
Transform from Parent: 2a,b,2c;0,0,0                                                                                                                                                                                                                            
! Nsym   Cen  N_Clat N_Ant                                                                                                                                                                                                                                      
     2     2     3     4                                                                                                                                                                                                                                        
!                                                                                                                                                                                                                                                               
! Centring vectors                                                                                                                                                                                                                                              
   0.50000   0.00000   0.50000                                                                                                                                                                                                                                  
   0.25000   0.50000   0.75000                                                                                                                                                                                                                                  
   0.75000   0.50000   0.25000                                                                                                                                                                                                                                  
! Anti-Centring vectors                                                                                                                                                                                                                                         
   0.00000   0.00000   0.50000                                                                                                                                                                                                                                  
   0.50000   0.00000   0.00000                                                                                                                                                                                                                                  
   0.25000   0.50000   0.25000                                                                                                                                                                                                                                  
   0.75000   0.50000   0.75000                                                                                                                                                                                                                                  
! Symmetry operators                                                                                                                                                                                                                                            
  1 x,y,z,+1                                                                                                                                                                                                                                                    
  2 -x,y,-z,-1                                                                                                                                                                                                                                                  
!                                                                                                                                                                                                                                                               
!Atom   Typ    Mag Vek      X         Y         Z       Biso      Occ    N_type  Spc/Fftype /Line below:Codes
!       Rx       Ry        Rz        Ix        Iy        Iz      MagPh  / Line below:Codes
!      beta11   beta22   beta33   beta12   beta13   beta23  / Line below:Codes
Ho1    JHO3      1  0    0.25000   0.00000   0.10125   0.00000   0.50000    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     0.12792   0.00000   9.03760   0.00000   0.00000   0.00000   0.00000 <-MagPar
       41.00      0.00     61.00      0.00      0.00      0.00      0.00
Ba1    Ba        1  0    0.25000   0.50000   0.00000   0.00000   0.25000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
Ni1    MNI2      1  0    0.00000   0.00000   0.00000   0.00000   0.25000    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     0.98214   0.00000  -1.33049   0.00000   0.00000   0.00000   0.00000 <-MagPar
       51.00      0.00     21.00      0.00      0.00      0.00      0.00
O1     O         1  0    0.00000   0.24140   0.07475   0.00000   1.00000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
O2     O         1  0    0.00000   0.50000   0.25000   0.00000   0.25000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  3.4509       0.00000   0.00000   0.00000   0.00000   0.00000       0
    11.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   7.509100   5.731900  22.543003  90.000000  90.000000  90.000000   #
    0.00000    0.00000    0.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      10.010      89.810       1




example_3/solution_3/Ca_m_m_a.pcr
COMM # Ho2BaNiO5
! Current global Chi2 (Bragg contrib.) =      53.55    
! Files => DAT-file: hobk.dat,  PCR-file: Ca_m_m_a
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   1  22   0   0   0   1   0   0   1   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   0   0   1   0   1   0   4   0   0   3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.524000 2.524000  1.00000   30.000  5.0000  0.0000  0.0000   90.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.10  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
!
       7    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.09314   31.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!-------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:     2.52
!-------------------------------------------------------------------------------
Nuclear and Magnetic Structure of: Ca_m_m_a   VARY mxmymz
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
  10   0   0 0.0 0.0 1.0  10   0   2   0   0       1211.796   0   7   0
!
C_amma  number:67.509     <--Magnetic Space group symbol (BNS symbol & number)                                                                                                                                                                                  
Transform to standard: a,c,-b;1/4,0,1/4                                                                                                                                                                                                                         
Parent Space Group: No.71     IT_number:   71                                                                                                                                                                                                                   
Transform from Parent: 2a,b,2c;0,0,0                                                                                                                                                                                                                            
! Nsym   Cen  N_Clat N_Ant                                                                                                                                                                                                                                      
     4     2     1     2                                                                                                                                                                                                                                        
!                                                                                                                                                                                                                                                               
! Centring vectors                                                                                                                                                                                                                                              
   0.50000   0.00000   0.50000                                                                                                                                                                                                                                  
! Anti-Centring vectors                                                                                                                                                                                                                                         
   0.50000   0.00000   0.00000                                                                                                                                                                                                                                  
   0.00000   0.00000   0.50000                                                                                                                                                                                                                                  
! Symmetry operators                                                                                                                                                                                                                                            
  1 x,y,z,+1                                                                                                                                                                                                                                                    
  2 x,-y,z,-1                                                                                                                                                                                                                                                   
  3 -x,y,z,-1                                                                                                                                                                                                                                                   
  4 x,y,-z,+1                                                                                                                                                                                                                                                   
!                                                                                                                                                                                                                                                               
!Atom   Typ    Mag Vek      X         Y         Z       Biso      Occ    N_type  Spc/Fftype /Line below:Codes
!       Rx       Ry        Rz        Ix        Iy        Iz      MagPh  / Line below:Codes
!      beta11   beta22   beta33   beta12   beta13   beta23  / Line below:Codes
Ho1_1  JHO3      1  0    0.25000   0.00000   0.10125   0.00000   0.25000    1    0  #
                            0.00      0.00      0.00      0.00      0.00
    -0.21433   0.00000   0.00000   0.00000   0.00000   0.00000   0.00000 <-MagPar
       41.00      0.00      0.00      0.00      0.00      0.00      0.00
Ho1_2  JHO3      1  0    0.00000   0.50000   0.35125   0.00000   0.25000    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     0.00000   0.00000 -12.60918   0.00000   0.00000   0.00000   0.00000 <-MagPar
        0.00      0.00     51.00      0.00      0.00      0.00      0.00
Ba1_1  Ba        1  0    0.25000   0.50000   0.00000   0.00000   0.12500    0    0  #
                            0.00      0.00      0.00      0.00      0.00
Ba1_2  Ba        1  0    0.00000   0.00000   0.25000   0.00000   0.12500    0    0  #
                            0.00      0.00      0.00      0.00      0.00
Ni1_1  MNI2      1  0    0.00000   0.00000   0.00000   0.00000   0.12500    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     0.00000   0.00000   1.80616   0.00000   0.00000   0.00000   0.00000 <-MagPar
        0.00      0.00     21.00      0.00      0.00      0.00      0.00
Ni1_2  MNI2      1  0    0.25000   0.50000   0.25000   0.00000   0.12500    1    0  #
                            0.00      0.00      0.00      0.00      0.00
     0.78844   0.00000   0.00000   0.00000   0.00000   0.00000   0.00000 <-MagPar
       11.00      0.00      0.00      0.00      0.00      0.00      0.00
O1_1   O         1  0    0.00000   0.24140   0.07475   0.00000   0.50000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
O1_2   O         1  0    0.25000   0.74140   0.32475   0.00000   0.50000    0    0  #
                            0.00      0.00      0.00      0.00      0.00
O2_1   O         1  0    0.00000   0.50000   0.25000   0.00000   0.12500    0    0  #
                            0.00      0.00      0.00      0.00      0.00
O2_2   O         1  0    0.25000   0.00000   0.00000   0.00000   0.12500    0    0  #
                            0.00      0.00      0.00      0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  3.7377       0.00000   0.72866   0.00000   0.00000   0.00000       0
    61.00000     0.000    71.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   7.509100   5.731900  22.543003  90.000000  90.000000  90.000000   #
    0.00000    0.00000    0.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      10.010      89.810       1




example_3/solutions_1/Ho2BaNiO5.cif
#======================================================================

# CRYSTAL DATA

#----------------------------------------------------------------------

data_VESTA_phase_1


_chemical_name_common                  ''
_cell_length_a                         3.75453(7)
_cell_length_b                         5.7319(4)
_cell_length_c                         11.2715(4)
_cell_angle_alpha                      90
_cell_angle_beta                       90
_cell_angle_gamma                      90
_space_group_name_H-M_alt              'I m m m'
_space_group_IT_number                 71

loop_
_space_group_symop_operation_xyz
   'x, y, z'
   '-x, -y, -z'
   '-x, -y, z'
   'x, y, -z'
   '-x, y, -z'
   'x, -y, z'
   'x, -y, -z'
   '-x, y, z'
   'x+1/2, y+1/2, z+1/2'
   '-x+1/2, -y+1/2, -z+1/2'
   '-x+1/2, -y+1/2, z+1/2'
   'x+1/2, y+1/2, -z+1/2'
   '-x+1/2, y+1/2, -z+1/2'
   'x+1/2, -y+1/2, z+1/2'
   'x+1/2, -y+1/2, -z+1/2'
   '-x+1/2, y+1/2, z+1/2'

loop_
   _atom_site_label
   _atom_site_occupancy
   _atom_site_fract_x
   _atom_site_fract_y
   _atom_site_fract_z
   _atom_site_adp_type
   _atom_site_B_iso_or_equiv
   _atom_site_type_symbol
   Ho1        1.0     0.500000      0.000000      0.2025(4)    Biso  1.000000 Ho
   Ba1        1.0     0.500000      0.500000      0.000000     Biso  1.000000 Ba
   Ni1        1.0     0.000000      0.000000      0.000000     Biso  1.000000 Ni
   O1         1.0     0.000000      0.2414(16)    0.1495(7)    Biso  1.000000 O
   O2         1.0     0.500000      0.000000      0.000000     Biso  1.000000 O




example_3/solutions_1/hobk.dat
    1
 12-OCT-90 15:55:51  REGINOJUAN  Ho2BaNiO5 SLOW HEATING
  1  11039    11040
     1572452.     600.   10.010  -69.110    0.000    0.000    0.000    0.000    0.200    1.400    1.488    1.422
 400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 CALIBRATED WITH VANA NUMORS :  9502 TO  9515
 1    8539 1    8539 1    8150 1    7823 1    7916 1    7773 1    7739 1    7601 1    7493 1    7436
 1    7568 1    7606 1    7602 1    7458 1    7655 1    7315 1    7570 1    7607 1    8248 1    8085
 1    7440 1    7503 1    7380 1    7147 1    7106 1    7138 1    7166 1    7145 1    7298 1    7180
 1    7248 1    7402 1    7444 1    7063 1    7044 1    7109 1    7123 1    7235 1    7100 1    7238
 1    7162 1    7144 1    7593 1    8091 1    7776 1    7437 1    7702 1    8161 1    8046 1    8353
 1   16388 1   67488 1  139530 1  121676 1   39041 1    9776 1    8165 1    7647 1    7463 1    7721
 1    7309 1    7054 1    6935 1    6967 1    7005 1    6915 1    6798 1    6933 1    6731 1    6925
 1    7080 1    6987 1    6802 1    7037 1    6911 1    7041 1    7059 1    6934 1    7055 1    7133
 1    7279 1    7095 1    7243 1    7368 1    7584 1    7801 1   16862 1   58641 1   89631 1   51862
 1   13064 1    9471 1   21589 1   47118 1   45192 1   18004 1    8061 1    7339 1    7262 1    7211
 1    7086 1    7016 1    7370 1    7345 1    7121 1    7217 1    7026 1    7051 1    7222 1    7086
 1    7454 1    7432 1    8460 1   23950 1   68083 1   78128 1   31169 1    9367 1    7848 1    7743
 1    7726 1    7627 1    7369 1    6953 1    6894 1    7105 1    7044 1    7066 1    7005 1    7099
 1    7105 1    7172 1    7401 1    7572 1    7628 1    7719 1    7980 1   11777 1   52521 1  144501
 1  135895 1   43387 1   10247 1    8351 1    7735 1    7458 1    7572 1    8039 1    7461 1    7211
 1    6990 1    6934 1    7108 1    7020 1    6715 1    7026 1    7418 1    9713 1   12219 1   10465
 1    7270 1    6890 1    6817 1    6574 1    6626 1    6776 1    6830 1    6789 1    6667 1    6853
 1    6885 1    6765 1    6912 1    6899 1    6816 1    6835 1    6512 1    6760 1    7058 1    7523
 1    6709 1    6921 1    7323 1    7457 1    6946 1    6939 1    7834 1    9379 1    9363 1    7658
 1    6953 1    6745 1    6859 1    7231 1    8113 1    8615 1    7686 1    7010 1    7072 1    6956
 1    7026 1    8048 1   11925 1   14856 1   11485 1    7668 1    7033 1    7041 1    6971 1    7081
 1    8293 1   11409 1   12520 1    9739 1    7548 1    7721 1    8801 1    8817 1    7808 1    7215
 1    7216 1    7363 1   10491 1   27052 1   52235 1   47013 1   21655 1    9011 1    7517 1    7350
 1    7447 1    8072 1   14884 1   33043 1   42827 1   30243 1   22205 1   24996 1   21073 1   11815
 1    7733 1    7311 1    7190 1    7270 1    7745 1    9897 1   13479 1   13786 1   12162 1   21179
 1   43189 1   49776 1   31118 1   14663 1   15175 1   20306 1   18242 1   11996 1    7719 1    7303
 1    7204 1    7044 1    6991 1    6983 1    7053 1    6871 1    6994 1    7189 1    7360 1    9266
 1   16696 1   23994 1   22718 1   14781 1    8756 1    7332 1    7104 1    6994 1    7084 1    6876
 1    7519 1    7021 1    7043 1    7559 1    9964 1   15444 1   19186 1   16867 1   11653 1    8316
 1    7670 1    8086 1   10091 1   16768 1   23846 1   24164 1   17579 1   10683 1    8321 1   12642
 1   22998 1   41219 1   43143 1   30390 1   15583 1    8658 1    7412 1    7257 1    7456 1    7539
 1    7976 1    7973 1    7837 1    7876 1    8011 1    8181 1    8374 1    8576 1   12506 1   18486
 1   22389 1   20785 1   15594 1   10965 1    9339 1    9374 1   12349 1   18913 1   24249 1   23923
 1   18460 1   11939 1    8364 1    7362 1    7354 1    7570 1    9888 1   18775 1   33401 1   41340
 1   41837 1   30367 1   17854 1    9702 1    8718 1   11294 1   14454 1   16053 1   14378 1   11426
 1    9601 1   13208 1   24410 1   37228 1   43747 1   39406 1   29903 1   20542 1   15127 1   12377
 1   10170 1    8366 1    7247 1    6937 1    6993 1    6984 1    7066 1    7014 1    8651 1   13933
 1   27403 1   44130 1   56720 1   60428 1   53600 1   41716 1   28303 1   18560 1   13213 1   11011
 1    8068 1   12225 1   12889 1   13225 1   15720 1   18793 1   20987 1   21296 1   18057 1   13746
 1    9928 1    7945 1    8593 1   11746 1   16592 1   20854 1   22476 1   20185 1   15969 1   15969
     -1000
    -10000




example_3/solutions_1/nuclear.pcr
COMM # Ho2BaNiO5
! Current global Chi2 (Bragg contrib.) =      5764.    
! Files => DAT-file: hobk.dat,  PCR-file: nuclear
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   1  22   0   0   0   0   0   0   0   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   0   0   1   0   1   0   4   0   0   3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.524000 2.524000  1.00000   30.000  5.0000  0.0000  0.0000   90.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.10  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
!
       5    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.10281   31.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!-------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:    33.08
!-------------------------------------------------------------------------------
# Ho2BaNiO5
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   5   0   0 0.0 0.0 1.0   0   0   0   0   0       1211.796   0   7   0
!
!
I m m m                  <--Space group symbol
!Atom   Typ       X        Y        Z     Biso       Occ     In Fin N_t Spc /Codes
Ho1    Ho      0.50000  0.00000  0.20250  1.00000   0.25000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ba1    Ba      0.50000  0.50000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ni1    Ni      0.00000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O1     O       0.00000  0.24140  0.14950  1.00000   0.50000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O2     O       0.50000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  67.112       0.00000   0.00000   0.00000   0.00000   0.00000       0
    11.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.751770   5.734714  11.270336  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      10.010      89.810       1




example_3/solutions_1/nuclear_mag.pcr
COMM # Ho2BaNiO5
! Current global Chi2 (Bragg contrib.) =      54.04    
! Files => DAT-file: hobk.dat,  PCR-file: nuclear_mag
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   2  22   0   0   0   1   0   0   1   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   0   0   1   0   1   0   4   0   0   3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.524000 2.524000  1.00000   30.000  5.0000  0.0000  0.0000   90.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.10  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
!
       5    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.07861   31.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!-------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:     3.50
!-------------------------------------------------------------------------------
# Ho2BaNiO5
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   5   0   0 0.0 0.0 1.0   0   0   0   0   0       1211.796   0   7   0
!
!
I m m m                  <--Space group symbol
!Atom   Typ       X        Y        Z     Biso       Occ     In Fin N_t Spc /Codes
Ho1    Ho      0.50000  0.00000  0.20250  1.00000   0.25000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ba1    Ba      0.50000  0.50000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ni1    Ni      0.00000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O1     O       0.00000  0.24140  0.14950  1.00000   0.50000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O2     O       0.50000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  60.558       0.00000   0.00000   0.00000   0.00000   0.00000       0
    11.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.753659   5.729838  11.268003  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!-------------------------------------------------------------------------------
!  Data for PHASE number:   2  ==> Current R_Bragg for Pattern#  1:     0.13
!-------------------------------------------------------------------------------
magnetic
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   0   0   0 0.0 0.0 1.0   2   0   0   0   0          0.000   1   7   0
!
!
I -1                     <--Space group symbol
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  67.112       0.00000   0.00000   0.00000   0.00000   0.00000       0
     0.00000     0.000     0.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.753659   5.729838  11.268003  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
! Propagation vectors: 
   0.5000000   0.0000000   0.5000000          Propagation Vector  1
    0.000000    0.000000    0.000000
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      10.010      89.810       1




example_3/solutions_1/nuclear_mag_bv.pcr
COMM # Ho2BaNiO5
! Current global Chi2 (Bragg contrib.) =      55.49    
! Files => DAT-file: hobk.dat,  PCR-file: nuclear_mag_bv
!Job Npr Nph Nba Nex Nsc Nor Dum Iwg Ilo Ias Res Ste Nre Cry Uni Cor Opt Aut
   1   7   2  22   0   0   0   1   0   0   1   0   0   0   0   0   0   0   1
!
!Ipr Ppl Ioc Mat Pcr Ls1 Ls2 Ls3 NLI Prf Ins Rpa Sym Hkl Fou Sho Ana
   0   0   1   0   1   0   4   0   0   3   3   0   0   0   0   0   0
!
! Lambda1  Lambda2    Ratio    Bkpos    Wdt    Cthm     muR   AsyLim   Rpolarz  2nd-muR -> Patt# 1
 2.524000 2.524000  1.00000   30.000  5.0000  0.0000  0.0000   90.00    0.0000  0.0000
!
!NCY  Eps  R_at  R_an  R_pr  R_gl     Thmin       Step       Thmax    PSD    Sent0
 15  0.10  1.00  1.00  1.00  1.00     10.0100   0.200000    89.8100   0.000   0.000
!
!2Theta/TOF/E(Kev)   Background  for Pattern#  1
        10.2381      8483.2217          0.00
        10.9310      7796.6670          0.00
        12.2799      7506.7881          0.00
        15.3381      7140.6250          0.00
        17.2044      7125.3677          0.00
        22.8659      6858.9282          0.00
        25.6561      7014.6611          0.00
        30.2183      7092.5264          0.00
        31.6134      7170.3931          0.00
        35.3462      7014.6611          0.00
        40.8133      6897.8608          0.00
        44.0182      6781.0615          0.00
        51.5287      7014.7192          0.00
        55.7325      7430.6279          0.00
        58.4575      7130.5181          0.00
        62.8095      6950.4526          0.00
        65.7379      6950.4526          0.00
        71.4320      7310.5840          0.00
        76.7600      7430.6279          0.00
        83.0642      7010.4741          0.00
        88.2714      7943.3057          0.00
        89.9978      8003.3271          0.00
! 
!
      11    !Number of refined parameters
!
!  Zero    Code    SyCos    Code   SySin    Code  Lambda     Code MORE ->Patt# 1
  0.08358   31.0  0.00000    0.0  0.00000    0.0 0.000000    0.00   0
!-------------------------------------------------------------------------------
!  Data for PHASE number:   1  ==> Current R_Bragg for Pattern#  1:     3.16
!-------------------------------------------------------------------------------
# Ho2BaNiO5
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   5   0   0 0.0 0.0 1.0   0   0   0   0   0       1211.796   0   7   0
!
!
I m m m                  <--Space group symbol
!Atom   Typ       X        Y        Z     Biso       Occ     In Fin N_t Spc /Codes
Ho1    Ho      0.50000  0.00000  0.20250  1.00000   0.25000   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ba1    Ba      0.50000  0.50000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
Ni1    Ni      0.00000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
O1     O       0.00000  0.24659  0.14956  1.00000   0.50000   0   0   0    0  
                  0.00   101.00   111.00     0.00      0.00
O2     O       0.50000  0.00000  0.00000  1.00000   0.12500   0   0   0    0  
                  0.00     0.00     0.00     0.00      0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  61.692       0.00000   0.02455   0.00000   0.00000   0.00000       0
    11.00000     0.000    91.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.754138   5.729850  11.269077  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
!-------------------------------------------------------------------------------
!  Data for PHASE number:   2  ==> Current R_Bragg for Pattern#  1:     2.45
!-------------------------------------------------------------------------------
magnetic
!
!Nat Dis Ang Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More
   2   0   0 0.0 0.0 1.0   1  -1  -2   0   0       1554.243   1   7   0
!
!
I -1                     <--Space group symbol for hkl generation
! Nsym   Cen  Laue Ireps N_Bas
     2     1     1    -2     2
! Real(0)-Imaginary(1) indicator for Ci
  0  0
!
SYMM x,y,z
BASR   1  0  0   0  0  1
BASI   0  0  0   0  0  0
BASR   1  0  0   0  0  1
BASI   0  0  0   0  0  0
SYMM -x,y,-z
BASR  0  0  0   0  0  0
BASI  0  0  0   0  0  0
BASR   1  0  0   0  0  1
BASI   0  0  0   0  0  0
!
!Atom   Typ  Mag Vek    X      Y      Z       Biso    Occ      C1      C2      C3
!     C4     C5     C6      C7      C8      C9      MagPh
Ni1    MNI2  1  1  0.00000 0.00000 0.00000 1.00000  1.00000   0.200  -1.283   0.000  
                      0.00    0.00    0.00    0.00     0.00    0.00   61.00    0.00
     0.000   0.000   0.000   0.000   0.000   0.000  0.00000
      0.00    0.00    0.00    0.00    0.00    0.00     0.00
Ho1    JHO3  2  1  0.50000 0.00000 0.20250 1.00000  1.00000   0.181   8.900   0.000  
                      0.00    0.00    0.00    0.00     0.00   71.00   81.00    0.00
     0.000   0.000   0.000   0.000   0.000   0.000  0.00000
      0.00    0.00    0.00    0.00    0.00    0.00     0.00
!-------> Profile Parameters for Pattern #  1
!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model
  61.692       0.00000   0.02455   0.00000   0.00000   0.00000       0
    11.00000     0.000    91.000     0.000     0.000     0.000
!       U         V          W           X          Y        GauSiz   LorSiz Size-Model
   1.614390  -1.039041   0.349811   0.000000   0.000000   0.000000   0.000000    0
      0.000      0.000      0.000      0.000      0.000      0.000      0.000
!     a          b         c        alpha      beta       gamma      #Cell Info
   3.754138   5.729850  11.269077  90.000000  90.000000  90.000000   
   21.00000   41.00000   51.00000    0.00000    0.00000    0.00000
!  Pref1    Pref2      Asy1     Asy2     Asy3     Asy4      S_L      D_L
  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000  0.00000
     0.00     0.00     0.00     0.00     0.00     0.00     0.00     0.00
! Propagation vectors: 
   0.5000000   0.0000000   0.5000000          Propagation Vector  1
    0.000000    0.000000    0.000000
!  2Th1/TOF1    2Th2/TOF2  Pattern to plot
      10.010      89.810       1




example_3/Tutorial_3.pdf


Tutorial:   Ho2BaNiO5  


Magnetic Structure Determination: Commensurate Magnetic Structure with k≠0. 


Propagation vector determination using the k-search program. 


Ho2BaNiO5 


Powder data collected at ILL on the diffractometer D1B (old D1B) with =2.52 Å. 


The space group is S.G.= Immm, the cell parameters are a≈ 3.754 Å, b≈ 5.732 Å and c≈ 11.271 Å 


at RT. 


The structural parameters could be obtained from the input CIF file.  


The main structural feature is the presence of one-dimensional (1D) chains of NiO6 octahedra 


along the a-axis. The octahedra are strongly distorted with a very short Ni-Oapical distance (≈ 1.88 


Å), and a longer Ni-Obasal distance (≈ 2.18 Å).The basal angle O-Ni-O (≈ 78º) is also much smaller 


than expected for a regular octahedron (90º).  


The magnetic structures of the family of compounds Ho2BaNiO5 have been studied in the past 


and can be consulted on https://doi.org/10.1051/epjconf/20122200010 


Input files: 


hobk.dat (collected below TN) 


The format of the data corresponds to Ins = 3 in FullProf 


Instrument resolution parameters: U= 1.61, V=-1.04, W= 0.35. 


Ho2BaNiO5.cif  


The standard magnetic structures determination using neutron powder diffraction (NPD) data 


follow these steps: 


1) Plot the NPD pattern above and below the magnetic order temperature. 


2) Refine the crystal structure, using the collected data, and get all the relevant structural 


and profile parameters. 


3) Normally additional magnetic peaks appear in the low temperature diffraction pattern 


(below order temperature). Index the new reflection to determine the propagation vector. 


A trial and error method or the K-SEARCH program, included in the FullProf suite, can be 


used.  


4) Determine the possible irreducible representations (irreps) of the paramagnetic space 


group corresponding to the experimentally obtained propagation vector. The program 


BASIREPS can be used to get the basis vectors of the irreducible representations of the 


propagation vector group (Gk). The Shubnikov group and the appropriate magnetic 


symmetry operators, or, alternatively, the basis vectors of the irreps, can be used to refine 


the experimental data.  


5) Alternatively simulated annealing refinement can also be done (no information about the 


magnetic symmetry is needed) 







6) Refine against the data the different models and check the output files to discard 


incompatibilities or inconsistences.  


 


1) Create a working directory; do not use space or special characters in the path.  


a. Copy in this folder all the input files. 


 


2) Create an initial PCR file (follow the steps described on Example 1). 


3) Modify the PCR file according to the current example (follow the steps described on 


Example 1).  


4) Fix all the parameters and compare the experimental data with the initial model. 


a. Load into the FP toolbar the created PCR file, in our case “nuclear.pcr”. This can be 


done by clicking on Search Input files icon. Be sure that the PCR file and the data file 


are in the same folder.  


 
 


b. Now you can click on the FullProf icon and run. Observe that the result is clearly non-


satisfactory. Do not forget that, for the moment, all the parameters are fixed.  


 
 


c. In this example, we will check only the nuclear contribution to the total pattern. 


Therefore, we refine only the “Scale” factor (refinement > Profile). The next parameters 


will be the zero (refinement > instrumental) and the unit cell (refinement > Profile). After 


refining, we can see that only some reflections are nicely fitted. However, there are 


reflections that are not fitted by the crystallographic model. The unfitted reflections are 


due to the magnetic contribution.  







 
 


5) Propagation vector determination 


a. Open the refined pattern using Winplotr-2006. The blue line (difference between 


observed and calculated patters) can be taken as a reference for the determination of 


magnetic reflections positions.  


 


 


b. Click on Calculations > Peak detection > Enable  


c. Click on Calculations > Peak detection > Insert Peak (you can use satellite detection 


for an automatic peak detection) 


Insert a new peak into each non-fitted reflection. You can zoom in/out with the left/right 


mouse button.  


 







 
  


d. Click on Calculations > Peak detection > Save Peaks > K-search program 


 
 


e. The appearing dialog windows is pre-filled, but you can modify some parameters if you 


think that is needed. NB: In the first run, you can use only special k-vectors 


(commensurate) and if the program is not able to index the peaks, you can unclick this 


option to search incommensurate propagation vectors.  







 
 


f. Click on OK, save the input file for the k-search program (k_search.sat) and click on 


YES to run the program. The program will provide you a list with the best solutions in 


this particular case 11 satellites have been included on the input file. A detailed output 


“k_search.kup” can be consulted for more details.  


 
 


g. From the indexing with k-search, we obtain a propagation vector k = (½, 0, ½). 


 


6) Adding a second phase to fit the magnetic reflections. 


a. We are going to use the EdPCR program for doing this task. Open nucl_mag1.pcr file 


and click on Phases > add change the Name of phase to “magnetic contribution, without 


model” in calculation select “Profile Matching with constant scale factor”. Click on 


contribution to Patterns, select the options showed here below and click on OK. 


The “Satellite reflections are generated automatically from Space group symbol” is 


particularly useful for those magnetic structures with k different of 0. 







 


Click on symmetry and add I -1 space group. NB: the space group in FP should be written 


with a space between elements (I -1, in this particular case). We use the lattice type of the 


paramagnetic space group and just the triclinic group to generate all possible satellite 


reflections. Click on Symm. Op. Automatic and on OK and save in the main window of 


EdPCR. 


 
 


b. Now we need to fill in the dialogs for the phase 2, the unit cell the scale, U, V, W, X, Y, 


SL and DL. You can use the EdPCR or edit the “nucl_mag1.pcr” file with a text editor 


and copy the parameters from phase 1 to phase 2.  


c. Now we can run FP and start to refine parameters. Change AUT from 0 to 1 and be 


sure that those parameters from phase 1 and phase 2 that should be the same have 


identical refinement codes. 







To add constraints you can use the same code into the PCR file (see the next figure as 


an example) or you can use the EdPCR clicking on Constraints > Profiles Parameters 


(U, V, W, a, b, c, X, Y…). In a first step create a new constraint relation and secondly 


add a second parameter to constraint. In that case, factor 1 means that if U in phase 1 


increase one unit, U in phase 2 increase the same unit. Negative values means that 


one parameter increase while the second decrease. 


 


d. Run FP and check that all magnetic reflections are properly fitted with the propagation 


vector k = (½, 0, ½). 


 


7) Calculation of Irreducible representations. 


a. For the irreps calculation, we are going to use the BasIreps program. Click on the 


BasIreps icon on the FP toolbar. Fill the information, code of file, the working directory 


the paramagnetic space group, the propagation vector (in this case k = (½, 0, ½)), 


remember than magnetic moments are axial vectors. The number of atoms within the 


unit cell can be provided explicitly or the program can calculate the different orbits using 


the space group symmetry. In this case with Immm space group with Ni atoms in the 


2a Wyckoff position, forming a single sublattice with the atoms in the (0, 0, 0) and 


symmetry related positons. The Ho atoms on the 4j Wyckoff positions, forming two 


sublattices in the primitive cell, the first one at (½, 0, z) and the second at (-½, 0, -z). 


As the system is I-centred, The other atoms of the conventional unit cell are related to 


those already given by the centring translation tI = (½,½,½).  


 


 
 







 
 


b. From the output of BasIreps, we can verify than K is equivalent to –K and that the star 


of K is formed by two vectors k1=(½, 0, ½) and k2=(-½, 0, ½). 


c. The list of the irreducible representations (all of them of dimension 1) can be consulted 


on the output of BasIreps.  


 
 


d. Check the BasIreps output (filename.fp). As in this example there is two different sites, 


you should check both independently. In a first approach, we can assume that both 


sites are ordered at the same moment following the same irrep. The 
mag  reducible 


representation for the site 1 (Ni) is decomposed in irreps as the direct sum:  


1 3( ) 1 2mag Ni      


While for the second site (Ho), mag is decomposed in irreps as the direct sum:  


1 2 3 4( ) 1 2 2 1mag Ho          


Where the pre-number is the number or times the irrep is contained in mag . This 


number is related with the number of terms (i.e. number of basis vectors) in this irrep. 







So, only 1 and 3  irreps are present in both sites. Now we can combine 1 for both 


sites to create a block to paste into the PCR file. 


 
Irrep(1) Site 1: 


I -1                           <--Space group symbol for hkl generation 


! Nsym   Cen  Laue Ireps N_Bas  


     1     1     1    -1     1 


! Real(0)-Imaginary(1) indicator for Ci 


  0 


SYMM x,y,z                                                        


BASR   0  1  0 


BASI   0  0  0 


 
Irrep(1) Site 2: 


 


I -1                           <--Space group symbol for hkl generation 


! Nsym   Cen  Laue Ireps N_Bas  


     2     1     1    -1     1 


! Real(0)-Imaginary(1) indicator for Ci 


  0 


SYMM x,y,z                                                        


BASR   0  1  0 


BASI   0  0  0 


SYMM -x,y,-z                                                      


BASR   0  1  0 


BASI   0  0  0 


 


Irrep(1) both sites: 


 


I -1                           <--Space group symbol for hkl generation 


! Nsym Cen Laue Ireps N_Bas  


     2         1      1      -2         1  ! the -2 means that each SYMM 


have two components 


! Real(0)-Imaginary(1) indicator for Ci 


  0 


SYMM x,y,z                                                        


BASR   0  1  0      ! BASR and BASI correspond to site 1 


BASI   0  0  0 


BASR   0  1  0      ! BASR and BASI correspond to site 2 


BASI   0  0  0 


SYMM -x,y,-z                                                      


BASR   0  0  0      ! BASR and BASI correspond to site 1 


BASI   0  0  0 


BASR   0  1  0      ! BASR and BASI correspond to site 1 


BASI   0  0  0 


 


 


 


The same approach should be done by irrep(3). 
 


Irrep(3) both sites: 


 


I -1                           <--Space group symbol for hkl generation 


! Nsym   Cen  Laue Ireps N_Bas  


     2         1       1      -2        2 


! Real(0)-Imaginary(1) indicator for Ci 







  0  0 


SYMM x,y,z                                                        


BASR   1  0  0   0  0  1 


BASI   0  0  0   0  0  0 


BASR   1  0  0   0  0  1 


BASI   0  0  0   0  0  0 


SYMM -x,y,-z                                                      


BASR  0  0  0   0  0  0 


BASI  0  0  0   0  0  0 


BASR  1  0  0   0  0  1 


BASI  0  0  0   0  0  0 


 
 


8) Including the IR into the PCR file (follow the example 1). 


a. Rename the previous PCR file, in our case nucl_mag_bv.pcr (BV corresponding to 


basic vectors. 


b. Open the new PCR with the EdPCR and click on phases and click NEXT to move to 


the phase 2. Here you can change the type of calculation from “Profile Matching with 


constant scale factor” to “Magnetic Phase (Rietveld Method)” or “Magnetic Phase with 


magnetic moments in spherical mode (Rietveld Method)”. In our case we are going to 


use the first one. In order to use spherical modes the PCR file should contain MSYM 


operators instead of basis vectors. 


A detail explanation of how derive those MSYM operators from the basis vectors obtained 


from the BasIreps program is included in the Annexe 1. 


c. Click on symmetry and select “Basis functions of the irreducible representations of the 


propagation vector group”. Here you can add the “magnetic/displacement” and the 


“irreducible representation” using the boxes. However, the easy way is to copy this 


information from the .FP file (BasIreps).  







In order to create the lines into the PCR file we can add only one basis function and 


one IR. Click on OK and save from the main window of EdPCR. 


 
 


d. Edit the PCR file and replace the basis vector by the previous created block. 


e. Using EdPCR we need to include the magnetic atoms into the PCR file. Click on 


“refinements > phase 2 > atoms” add a new atom. Click on OK and save the PCR.  


 
NB: The 1 or 2 in the Mag. Rot box is related with the application of the symmetry operators. Each 
symmetry is applied to a couple of BASR and BASI vectors. If the number is 1, the used vectors 
are those defined by the first couple (site 1), while if the number is 2, those vectors used 
correspond to the second couple (site 2). 


 







f. Now you can run the PCR file. If you want to refine the magnetic structure you can 


refine from C1 to C2. NB: start with a value close to 1B from Ni and 7B to Ho atoms.  


g. Refine the two possible magnetic models, modifying the PCR file, and determine which 


is the correct. NB: is a good idea rename the PCR file to specify in the name which IR 


you are using.  


 
 


h. After running FullProf, a mcif will be automatically created with the magnetic structure. 


You can use VESTA program to plot the different magnetic models.  


NB: Check always the output file from FullProf, there is plenty of useful information that 


can help you to understand the results. 


 
 


9) PCR file using the Shubnikov magnetic space group. 


a. In order to determine the possible Shubnikov space group compatible with our system 


we can use the BasIreps as was shown in the previous sections. Using the Bilbao 







Crystallographic Server we can create a list of mcif (one for each Shubnikov S.G.), that 


can be transformed into a PCR file with a single click. 


Open a web browser and write http://www.cryst.ehu.es/ 


Click on Magnetic Symmetry and Applications 


 
Click on MAXMAGN, fill the boxes and click on submit. 


 


Upload a structural model (cif file). If there is not errors in your cif file the program will 


ask for the magnetic atoms. Select the Ni and Ho atom and click on submit.  


 


The program gives a list of maximal magnetic space groups compatible with the 


propagation vector. In addition, the transformation to the standard setting is provided.  


 
 


The two proposed space groups correspond to two magnetic structures with the 


magnetic moments placed perpendicularly one with respect to the other. In the first 


case Cc2/c (#15.90), the magnetic moment lies on the ac-plane for both sites, while in 



http://www.cryst.ehu.es/





the second case Cc2/m (#12.63) the magnetic moment of both sites are pointing along 


the b-axis. 


 


Download the mcif files and create a PCR file for each case (the detailed procedure is 


described on Example 1). 


Change the JOB = 3 to JOB = 1 and include all the information related with your 


instrument and with the measurements; Lambda, background, muR, zero, U, V, W, unit 


cell and Scale. All this information can be obtained from the previous PCR file.  


b. The nuclear and magnetic part are in the same phase (JBT = 10), so only one phase 


is needed.  


c. The code VARY mxmymz, active automatically the refinement of the magnetic moment 


components, which are compatible with the symmetry. If the user wants to fix one 


component this code should be removed.  


d. In the FullProf toolbar select the PCR file and refine. 


 
 


e. Plot the mcif file using VESTA; in this case as nuclear and magnetic structures were 


refined in the same phase so both are included into the mcif file. 


 
 







f. Repeat the procedure using the second Shubnikov space group and compare the 


results. 


g. The structure was solved on the Cc2/c magnetic space group, which is a subgroup of 


the orthorhombic paramagnetic space group. Therefore, the final magnetic structure is 


monoclinic. However, there is an open question, as the system present a k-vector 


formed by a star of two arms k1=(½, 0, ½) and k2=(-½, 0, ½), is there a combination of 


these two vectors providing a higher symmetry multi-k solution?   


10) Multi-k symmetry analysis 


a. In order to explore this option we are going to use the k-Subgroupsmag utility from the 


BCS. 


(http://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl) 


 


b. We fill the different boxes, clicking on “Choose the whole star of the propagation vector” 


after click, the whole star(s) of the propagation wave-vectors will be used in the 


calculation of all groups and subgroups.  


 
 


c. Click on submit and, in order to reduce the list of possible magnetic space group, 


include the structure of the parent phase. From the list of 10 items, we are interested 


on those of orthorhombic symmetry, the first four; the others are already subgroups of 


the previously determined magnetic space group (Cc2/c).  



http://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl





 
 


d.  Click on submit and upload a cif file. Click on Ni and Ho as magnetic atoms and submit. 


Four possible magnetic subgroups with at least one site with moment different from 


zero are shown.  


 
 


e. Click on show on the Magnetic structure box, and verify that both sublattices are 


different from zero. From the four magnetic space groups only the Camma (#67.509) 


magnetic space group allow non-zero magnetic moments on both sublattices. 


Therefore, this will be the only solution that will be refined against the data.  


From the symmetry analysis carried out by BCS, we observe that the magnetic 


moments of Ni and Ho sites, there are two Wyckoff sites for each atom, are 


perpendicular between them. Therefore, this model is not consistent with the magnetic 


structure previously solved (Cc2/c). However, just to confirm that this magnetic structure 







is not correct, we are going to create a PCR file from the mcif of the Camma (#67.509) 


magnetic space group. 


 
 


f. Download the mcif of the Camma (#67.509) magnetic space group and create a PCR. 


Change the JOB = 3 to JOB = 1 and include all the information related with your 


instrument and with the measurements; Lambda, background, zero, U, V, W, unit cell 


and Scale. All this information can be obtained from the previous PCR file.  


 


g. Refine the data and check the convergence.  


In order to avoid problems during the refinement, refine only the scale and the magnetic 


moments.  







 
 


h. The values of the Bragg R-factor and RF-factor are comparable, even slightly better, 


than those values obtained with the Cc2/c magnetic space group. This is an example 


of the degeneracy of solutions that is common in magnetic structure determination 


and refinement using neutron powder diffraction. However, if we check the output file 


we can observe than the refined values of the different atomic orbits are quite different, 


moreover some of those parameters are physically inconsistent. The magnetic 


moment of Ho(III) should not be larger than 10B and based on the nuclear structure 


there is no reason to think that one orbit is close to zero while the other (with the same 


environment) have a magnetic moment above 10B. 


 


Rx = Ni(1) =  0.8(2) B 


Rz = Ni(2) =  1.81(7)B 


Rx = Ho(1) = -0.21(9)B 


Rz = Ho(2) = -12.61(8) B 


 


Moreover, if we try to refine the atomic positions of the oxygen atoms, the refinement 


does not converge, while with the Cc2/c the refinement is stable even if the oxygen 


positions are refined.  


Annexe 1. 
Some simple rules for using MSYM operators instead of basis vectors in magnetic 


refinements of commensurate structures with FullProf 


The use of spherical components for describing the orientation of magnetic moments (or Fourier 


components of magnetic moments) is done simply by changing the sign of the indicator JBT in 


the PCR file. If we use directly the basis vectors as output by BasIreps, we cannot use spherical 


components. For that, you have to provide MSYM operators. This is not done directly in BasIreps, 







however you can obtain these operators in cases you have Fourier coefficients of the form: Sk(1) 


=(u, v, w) in BasIreps, because the coefficients of the linear combination of basis vectors like  


  Sk(1)= u(1,0,0)+v(0,1,0)+w(0,01) =(u, v, w)  and  


  Sk(2)= u(1,0,0)+v(0,-1,0)+w(0,0-1) =(u,-v,-w)   


can also be interpreted as rotational operators and in the above case you can write two rotational 


operators acting on the Fourier coefficient Sk(1). The first one is the identity MSYM u,v,w,0.0   and 


the second one is MSYM u,-v,-w,0.0. The phase 0.0 has only a sense for incommensurate 


magnetic structures. 


In BasIreps, the operators are not explicitly given but they can be easily constructed. If for instance 


you have provided a special position for an atom you may obtain something like: Sk(i)=(u,-u,0). 


Of course, this is only valid for an atom in a special position and this is NOT the expression of a 


MSYM operator. You should run BasIreps for an atom in a general position to obtain no constraint 


in the Fourier coefficients Sk, and only when you describe in the PCR file the components of the 


Fourier coefficients you can put the constraints using codes like 191.0 -191.0  0.0 for the three 


components of the Fourier coefficients. 


Suppose that you have an Fe-atom occupying the position (0.0, 0.23456, 0.5) in the space group 


Cmcm and you obtain a magnetic structure with propagation vector k=(0,0,0). When you run 


BasIreps, you obtain 8 irreps of dimension 1. For instance for irrep=2 you obtain in the *.bsr file 


the following basis vectors: 


   +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 


 => Basis functions of Representation IRrep( 2) of dimension  1 contained 2 times in GAMMA 


   +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 


 


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


              Atoms:      Fe_1              Fe_2              Fe_3              Fe_4             


 BsV( 1, 1: 4):Re (    0    1    0) (    0   -1    0) (    0    1    0) (    0   -1    0)  


 BsV( 2, 1: 4):Re (    0    0    1) (    0    0    1) (    0    0   -1) (    0    0   -1)  


  


        


       The general expressions of the Fourier coefficients Sk(j) of the atoms non-related  


       by lattice translations are the following: 


 


       SYMM x,y,z                                       Atom: Fe_1      0.0000  0.2346  0.5000 


       Sk(1): (0,u,v) 


 


       SYMM -x,-y,z+1/2                                 Atom: Fe_2      0.0000 -0.2346  1.0000 


       Sk(2): (0,-u,v) 


 


       SYMM -x,y,-z+1/2                                 Atom: Fe_3      0.0000  0.2346  0.0000 


       Sk(3): (0,u,-v) 


 


       SYMM x,-y,-z                                     Atom: Fe_4      0.0000 -0.2346 -0.5000 


       Sk(4): (0,-u,-v) 


 


Of course, the expression of the Fourier coefficients cannot be converted to proper operators, but 


if you run another time BasIreps for the same case but putting the Fe-atom in an arbitrary general 


position you obtain for the same irrep: 


              SYMM  x,y,z   -x,-y,z+1/2   -x,y,-z+1/2   x,-y,-z    
             Atoms:     Fe_1              Fe_2              Fe_3              Fe_4             


 BsV( 1, 1: 4):Re (  1    0    0) (   -1    0    0) (   -1    0    0) (    1    0    0)  


 BsV( 2, 1: 4):Re (  0    1    0) (    0   -1    0) (    0    1    0) (    0   -1    0)  


 BsV( 3, 1: 4):Re (  0    0    1) (    0    0    1) (    0    0   -1) (    0    0   -1)  


  


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


              Atoms:      Fe_5              Fe_6              Fe_7              Fe_8             


 BsV( 1, 5: 8):Re (   -1    0    0) (  1    0    0) (    1    0    0) (   -1    0    0)  


 BsV( 2, 5: 8):Re (    0   -1    0) (  0    1    0) (    0   -1    0) (    0    1    0)  


 BsV( 3, 5: 8):Re (    0    0   -1) (  0    0   -1) (    0    0    1) (    0    0    1)  







  


 


The general expressions of the Fourier coefficients Sk(j) of the atoms non-related  


by lattice translations are the following: 


 


       SYMM x,y,z                                Atom: Fe_1      0.1230  0.2346  0.4560 


       Sk(1): (u,v,w) 


 


       SYMM -x,-y,z+1/2                          Atom: Fe_2     -0.1230 -0.2346  0.9560 


       Sk(2): (-u,-v,w) 


 


       SYMM -x,y,-z+1/2                          Atom: Fe_3     -0.1230  0.2346  0.0440 


       Sk(3): (-u,v,-w) 


 


       SYMM x,-y,-z                              Atom: Fe_4      0.1230 -0.2346 -0.4560 


       Sk(4): (u,-v,-w) 


 


       SYMM -x,-y,-z                             Atom: Fe_5     -0.1230 -0.2346 -0.4560 


       Sk(5): (-u,-v,-w) 


 


       SYMM x,y,-z+1/2                           Atom: Fe_6      0.1230  0.2346  0.0440 


       Sk(6): (u,v,-w) 


 


       SYMM x,-y,z+1/2                           Atom: Fe_7      0.1230 -0.2346  0.9560 


       Sk(7): (u,-v,w) 


 


       SYMM -x,y,z                               Atom: Fe_8     -0.1230  0.2346  0.4560 


       Sk(8): (-u,v,w) 


 


Here you can put all this information in form of MSYM operators and write the PCR file for a 


magnetic phase as: 


 


 


!------------------------------------------------------------------------------- 


!  Data for PHASE number:   2  ==> Current R_Bragg for Pattern# 


!------------------------------------------------------------------------------- 


 Test artificial structure with C m c m space group, k=0 and Fe at (0.0, 0.23456, 0.5) 


! 


!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More 


   1   0   0 0.0 1.0 1.0   1   0  -1   0   0          0.000   0   5   0 


! 


C -1                     <--Space group symbol for hkl generation 


!Nsym Cen Laue MagMat 


   8   1   3   1 


! 


SYMM x,y,z 


MSYM u,v,w,0.0 


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


MSYM -u,-v,w,0.0 


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


MSYM -u,v,-w,0.0 


SYMM x,-y,-z 


MSYM u,-v,-w,0.0 


SYMM -x,-y,-z 


MSYM -u,-v,-w,0.0 


SYMM x,y,-z+1/2 


MSYM u,v,-w,0.0 


SYMM x,-y,z+1/2 


MSYM u,-v,w,0.0 


SYMM -x,y,z 


MSYM -u,v,w,0.0 


!Atom   Typ  Mag Vek    X      Y      Z       Biso    Occ      Rx      Ry      Rz 


!     Ix     Iy     Iz    beta11  beta22  beta33    MagPh 


Fe    MFE3   1  0  0.00000 0.23456 0.50000 0.00000  0.50000   0.000   1.200   3.400 


                      0.00    0.00    0.00    0.00     0.00    0.00    1.00    1.00 


     0.000   0.000   0.000   0.000   0.000   0.000  0.00000 


      0.00    0.00    0.00    0.00    0.00    0.00     0.00 


!-------> Profile Parameters for Pattern #  1 


!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model 


   1.308       0.000000   0.0000   0.00000   0.00000   0.00000       0 


. . . . . . . .    


 







With this formulation, only two parameters are refinable:  Ry and Rz. The atom position of Fe is 


the Wyckoff site 8f, so Occ=0.5 because we provide all the symmetry operators. The lattice 


centring is given in the symbol to generate reflections. The magnetic space group is easily 


obtained in this case because k=0 and the representations are of dimension 1, just looking at the 


table of the representations we have just to associate the time inversion with an operator when 


the character is -1. The irrep 2 corresponds to the magnetic space group Cm’c’m’. 


If you want to use spherical components, you should keep in mind that magnetic moments are 


given with respect to the Cartesian system related to the crystallographic basis. In this case is 


trivial x//a, y//b and z//c. Therefore, in spherical components, the constraint (0, Ry, Rz) means 


that the “Phi” angle should be fixed to 90 and “Theta” and the modulus of the moment are free. 


The only changes are: JBT should be put equal to -1 to select spherical components and the 


ordering of parameters is:  Moment, Phi and Theta, so the changes to be applied are put in bold 


is the new version of the PCR file: 


!------------------------------------------------------------------------------- 


!  Data for PHASE number:   2  ==> Current R_Bragg for Pattern# 


!------------------------------------------------------------------------------- 


 Test artificial structure with C m c m space group, k=0 and Fe at (0.0, 0.23456, 0.5) 


! 


!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More 


   1   0   0 0.0 1.0 1.0  -1   0  -1   0   0          0.000   0   5   0 


! 


C -1                     <--Space group symbol for hkl generation 


!Nsym Cen Laue MagMat 


   8   1   3   1 


! 


SYMM x,y,z 


MSYM u,v,w,0.0 


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


MSYM -u,-v,w,0.0 


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


MSYM -u,v,-w,0.0 


SYMM x,-y,-z 


MSYM u,-v,-w,0.0 


SYMM -x,-y,-z 


MSYM -u,-v,-w,0.0 


SYMM x,y,-z+1/2 


MSYM u,v,-w,0.0 


SYMM x,-y,z+1/2 


MSYM u,-v,w,0.0 


SYMM -x,y,z 


MSYM -u,v,w,0.0 


!Atom   Typ  Mag Vek    X      Y      Z       Biso    Occ      Rm      Rphi  Rtheta 


!     Im     Iphi   Itheta    beta11  beta22  beta33    MagPh 


Fe    MFE3   1  0  0.00000 0.23456 0.50000 0.00000  0.50000   3.605  90.000  19.440 


                      0.00    0.00    0.00    0.00     0.00    1.00    0.00    1.00 


     0.000   0.000   0.000   0.000   0.000   0.000  0.00000 


      0.00    0.00    0.00    0.00    0.00    0.00     0.00 


!-------> Profile Parameters for Pattern #  1 


!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model 


   1.308       0.000000   0.0000   0.00000   0.00000   0.00000       0 


. . . . . . . .    


 
In cases of representations with dim > 1, the situation is more complicated because what BasIreps 


outputs is the most general (lower symmetry) case for Fourier coefficients. There is no 


correspondence between one irrep and one magnetic group, for dim >1 there are many possible 


magnetic groups. The different symmetries are obtained by making zero some of the coefficients 


of the linear combinations of basis vectors.  Let us use the following example: Fe-atom in a 


general position of the group Pmma and propagation vector k=(1/2,1/2,0). In this case, there are 


two 2D irreps and the output of BasIreps for the first irrep is: 


   +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 => Basis functions of Representation IRrep( 1) of dimension  2 contained 6 times in GAMMA 


   +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 


 







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


              Atoms:      Fe_1              Fe_2              Fe_3              Fe_4             


 BsV( 1, 1: 4):Re (    1    0    0) (   -1    0    0) (    0    0    0) (    0    0    0)  


 BsV( 2, 1: 4):Re (    0    1    0) (    0   -1    0) (    0    0    0) (    0    0    0)  


 BsV( 3, 1: 4):Re (    0    0    1) (    0    0    1) (    0    0    0) (    0    0    0)  


 BsV( 4, 1: 4):Re (    0    0    0) (    0    0    0) (   -1    0    0) (    1    0    0)  


 BsV( 5, 1: 4):Re (    0    0    0) (    0    0    0) (    0    1    0) (    0   -1    0)  


 BsV( 6, 1: 4):Re (    0    0    0) (    0    0    0) (    0    0   -1) (    0    0   -1)  


 BsV( 7, 1: 4):Re (    0    0    0) (    0    0    0) (   -1    0    0) (   -1    0    0)  


 BsV( 8, 1: 4):Re (    0    0    0) (    0    0    0) (    0    1    0) (    0    1    0)  


 BsV( 9, 1: 4):Re (    0    0    0) (    0    0    0) (    0    0   -1) (    0    0    1)  


 BsV(10, 1: 4):Re (    1    0    0) (    1    0    0) (    0    0    0) (    0    0    0)  


 BsV(11, 1: 4):Re (    0    1    0) (    0    1    0) (    0    0    0) (    0    0    0)  


 BsV(12, 1: 4):Re (    0    0    1) (    0    0   -1) (    0    0    0) (    0    0    0)  


  


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


              Atoms:      Fe_5              Fe_6              Fe_7              Fe_8             


 BsV( 1, 5: 8):Re (    0    0    0) (    0    0    0) (    1    0    0) (   -1    0    0)  


 BsV( 2, 5: 8):Re (    0    0    0) (    0    0    0) (    0   -1    0) (    0    1    0)  


 BsV( 3, 5: 8):Re (    0    0    0) (    0    0    0) (    0    0    1) (    0    0    1)  


 BsV( 4, 5: 8):Re (   -1    0    0) (    1    0    0) (    0    0    0) (    0    0    0)  


 BsV( 5, 5: 8):Re (    0   -1    0) (    0    1    0) (    0    0    0) (    0    0    0)  


 BsV( 6, 5: 8):Re (    0    0   -1) (    0    0   -1) (    0    0    0) (    0    0    0)  


 BsV( 7, 5: 8):Re (   -1    0    0) (   -1    0    0) (    0    0    0) (    0    0    0)  


 BsV( 8, 5: 8):Re (    0   -1    0) (    0   -1    0) (    0    0    0) (    0    0    0)  


 BsV( 9, 5: 8):Re (    0    0   -1) (    0    0    1) (    0    0    0) (    0    0    0)  


 BsV(10, 5: 8):Re (    0    0    0) (    0    0    0) (    1    0    0) (    1    0    0)  


 BsV(11, 5: 8):Re (    0    0    0) (    0    0    0) (    0   -1    0) (    0   -1    0)  


 BsV(12, 5: 8):Re (    0    0    0) (    0    0    0) (    0    0    1) (    0    0   -1)  


  


 


       The general expressions of the Fourier coefficients Sk(j) of the atoms non-related  


       by lattice translations are the following: 


 


       SYMM x,y,z                           Atom: Fe_1      0.1230  0.2346  0.4560 


       Sk(1): (u+d,v+e,w+f) 


 


       SYMM -x+1/2,-y,z                     Atom: Fe_2      0.3770 -0.2346  0.4560 


       Sk(2): (-u+d,-v+e,w-f) 


 


       SYMM -x,y,-z                         Atom: Fe_3     -0.1230  0.2346 -0.4560 


       Sk(3): (-p-a,q+b,-r-c) 


 


       SYMM x+1/2,-y,-z                     Atom: Fe_4      0.6230 -0.2346 -0.4560 


       Sk(4): (p-a,-q+b,-r+c) 


 


       SYMM -x,-y,-z                        Atom: Fe_5     -0.1230 -0.2346 -0.4560 


       Sk(5): (-p-a,-q-b,-r-c) 


 


       SYMM x+1/2,y,-z                      Atom: Fe_6      0.6230  0.2346 -0.4560 


       Sk(6): (p-a,q-b,-r+c) 


 


       SYMM x,-y,z                          Atom: Fe_7      0.1230 -0.2346  0.4560 


       Sk(7): (u+d,-v-e,w+f) 


 


       SYMM -x+1/2,y,z                      Atom: Fe_8      0.3770  0.2346  0.4560 


       Sk(8): (-u+d,v-e,w-f) 


There are 12 basis vectors so in total 12 coefficients: u, v, w, p, q, r, a, b, c, d, e, f.  


Obviously, for each atom we need a maximum of three coefficients.  We can construct MSYM 
operators by systematically nullifying coefficients and regrouping atoms. Remember that the 
symmetry operators are referred to the standard basis of the parent group Pmma. If we group the 
atoms having the coefficients u, v and w nullifying all the others (d, e, f) we obtain: 


                  SYMM x,y,z 
       Sk(1): (u,v,w) 


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


       Sk(2): (-u,-v,w) 


       SYMM x,-y,z 


       Sk(7): (-u,v,-w) 


       SYMM -x+1/2,y,z 


       Sk(8): (u,-v,-w)   


If we group the rest of atoms, we see that in all of them there are the coefficients p, q, r. Let us 


nullify the accompanying coefficients (a, b, c). We obtain: 







     SYMM -x,y,-z 


     Sk(3): (-p,q,-r) 


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


     Sk(4): (p,-q,-r) 


     SYMM -x,-y,-z 


     Sk(5): (p,q,r) 


     SYMM x+1/2,y,-z 


     Sk(6): (-p,-q,r) 


It is easy to see that the operators are the same as above changing -x,-y,-z  x,y,z. If we apply 
the centre of inversion and re-order the above list we obtain: 


 SYMM -x,-y,-z       SYMM x,y,z           


 Sk(5): (p,q,r)    Sk(5): (p,q,r) 


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


 Sk(6): (-p,-q,r)    Sk(6): (-p,-q,r) 


 SYMM -x,y,-z    SYMM x,-y,z 


 Sk(3): (-p,q,-r)    Sk(3): (-p,q,-r) 


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


 Sk(4): (p,-q,-r)    Sk(4): (p,-q,-r) 


The right part is identical to the first list of operators if we replace p, q, r by u, v, w.  This particular 
selection of coefficients of the linear combination of basis vectors gives rise to a splitting of the 
Fe atoms in two independent sites so the relevant part of the PCR file corresponding to this case 
in spherical coordinates is: 
 


 
!------------------------------------------------------------------------------- 


!  Data for PHASE number:   2  ==> Current R_Bragg for Pattern# 


!------------------------------------------------------------------------------- 


 Test artificial structure with Pmma k=(1/2,1/2,0) space group and Fe at (0.0, 0.23456, 0.5) 


! 


!Nat Dis Mom Pr1 Pr2 Pr3 Jbt Irf Isy Str Furth       ATZ    Nvk Npr More 


   2   0   0 0.0 1.0 1.0  -1  -1  -1   0   0          0.000   1   5   0 


! 


P -1                     <--Space group symbol for hkl generation 


!Nsym Cen Laue MagMat 


   4   1   3   1 


! 


SYMM x,y,z 


MSYM u,v,w,0.0 


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


MSYM -u,-v,w,0.0 


SYMM x,-y,z 


MSYM -u,v,-w,0.0 


SYMM -x+1/2,y,z 


MSYM u,-v,-w,0.0 


! 


!Atom   Typ  Mag Vek    X      Y      Z       Biso    Occ      Rm      Rphi  Rtheta 


!     Im     Iphi   Itheta    beta11  beta22  beta33    MagPh 


Fe1    MFE3   1  0  0.1230  0.2346  0.4560 0.00000  0.50000   3.605  23.000  19.440 


                      0.00    0.00    0.00    0.00     0.00   41.00    1.00    1.00 


     0.000   0.000   0.000   0.000   0.000   0.000  0.00000 


      0.00    0.00    0.00    0.00    0.00    0.00     0.00 


Fe2    MFE3   1  0 -0.1230 -0.2346 -0.4560 0.00000  0.50000   3.605  47.000  19.440 


                      0.00    0.00    0.00    0.00     0.00   41.00    1.00    1.00 


     0.000   0.000   0.000   0.000   0.000   0.000  0.00000 


      0.00    0.00    0.00    0.00    0.00    0.00     0.00 


!-------> Profile Parameters for Pattern #  1 


!  Scale        Shape1      Bov      Str1      Str2      Str3   Strain-Model 


   1.308       0.000000   0.0000   0.00000   0.00000   0.00000       0 


. . . . . . . . 


  0.5    0.5   0.0              <- Propagation vector 


  0.0    0.0   0.0    
. . . . . . . .    


 
We have explicitly used a constraint not coming from symmetry: the equality of moments 
m(Fe1)=m(Fe2). In principle, the magnetic moment of the atoms Fe1 and Fe2 are independent 
because the initial site is split in two independent atoms.  







Using other ways of selecting the coefficients one obtains other symmetries. For instance a more 
symmetric solution is obtained imposing p=u, q=v and r=w and nullifying all the other coefficients. 
In such a case, one have a single site 
 
In cases like this, it may be easier to use directly Shubnikov groups (magnetic space groups). For 
such cases it is convenient to use the Bilbao Crystallographic Server that provides the possible 
Shubnikov groups for a given space group and propagation vector (using the programs 
MAXMAGN or K-SUBGROUPSMAG). These programs can generate mCIF files that can be 
converted to PCR files by the program mCIF_to_PCR. The description in terms of Shubnikov 
groups does not consider the concept of propagation vector, instead the magnetic unit cell with a 
crystallographic description (symmetry operators associated or not with time inversion) of atom 
positions and magnetic moment is used. 
 






