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TABLE 1.  Crystallographic data and refinement parameters for 
shafranovskite

a (Å) 14.519(3) Total Ref. 11152
c (Å) 21.062(6) Unique Ref. 2443
V (Å3) 3844.9(14) Unique |Fo| ≥ 4σF 2243
Space group P31c R1 0.085
F000 3091 wR2 0.238
Dcalc (g/cm3) 2.83 S  1.087
Crystal size (μm) 80 × 80 × 10
Notes: R1 = Σ||Fo| – |Fc||/Σ|Fo|; wR2 = {Σ[w(Fo

2 – Fc
2)2]/Σ[w(Fo

2)2]}1/2; 
w =1/[σ2(Fo

2) + (aP)2 + bP] where P = (Fo
2 + 2Fc

2)/3; 
s = {Σ[w(Fo

2 – Fc
2)]/(n – p)}1/2 where n is the number of refl ections and p is the 

number of refi ned parameters.
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TABLE 2.  Atomic coordinates, isotropic displacement parameters 
(Å2), and bond-valence sums* (BVS, valence units) for 
shafranovskite

Atom  Occupancy x y z Ueq BVS
Na1 1 0.0681(6) 0.5602(5) 0.7052(4)  0.043(4)  1.06
Na2 1 0.2252(5) 0.8230(5) 0.7248(3)  0.043(4)  1.16
Na3 1 0.9206(9) 0.4395(9) 0.4498(5)  0.096(7)  0.93
K1 1 0.1909(5) 0.7494(4) 0.4561(3)  0.081(4)  0.82
K2 0.90 0.1464(5) 0.9166(5) 0.9865(2)  0.068(3)  1.32
Mn1  1 0.9629(2) 0.7169(2) 0.71758(11) 0.033(2)  2.19
Mn2  1 0.9150(2) 0.2978(2) 0.71055(11) 0.030(2)  2.45
Mn3  0.82(2) 0.8563(3) 0.8767(3) 0.7376(2)  0.041(2)  1.59
Mn4  0.80(2) 0.8092(2) 0.4569(2) 0.69027(13) 0.028(2)  1.72
Si1  1 0.9527(4) 0.6271(4) 0.5734(2)  0.0353(14) 4.17
Si2  1 0 0 0.6080(4)  0.033(2)  4.11
Si3  1 0.9511(5) 0.8083(5) 0.8625(3)  0.051(2)  4.10
Si4  1 0.0546(4) 0.6703(4) 0.8464(2)  0.0411(15) 4.33
Si5  1 0.0996(4) 0.8621(4) 0.5978(2)  0.0353(14) 3.89
Si6  1 0.7082(4) 0.5229(4) 0.5676(2)  0.0353(13) 4.33
Si7  1 0.9916(4) 0.2923(4) 0.8547(2)  0.043(2)  4.08
Si8  1 0.8978(4) 0.4320(4) 0.8288(2)  0.0393(15) 4.15
Si9  1 0.0563(4) 0.3964(4) 0.5849(2)  0.0343(13) 4.09
Si10 1 2/3  1/3 0.8197(4)  0.038(2)  4.18
Si11 0.72(5) 2/3 1/3 0.4923(6)  0.035(6)  4.45
O1  1 0.0964(10) 0.8446(9)  0.6737(6)  0.041(3)  1.97
O2  1 0.9496(10) 0.6004(10) 0.6452(6)  0.043(3)  1.96
O3  1 0.0464(10) 0.3989(10) 0.6572(6)  0.044(3)  2.13
OH4  1 0.8408(11) 0.7411(11) 0.6739(6)  0.051(3)  1.08
O5  1 0.8824(10) 0.9240(9)  0.5775(5)  0.033(3)  2.07
O6  1 0.6627(11) 0.6002(10) 0.5506(6)  0.050(3)  2.19
OH7  1 0.8156(10) 0.5869(10) 0.7518(6)  0.043(3)  1.11
OH8  1 0.1314(12) 0.5110(13) 0.5521(6)  0.060(4)  1.08
O9  1 0.2125(9)  0.8924(9)  0.5651(5)  0.037(3)  2.05
OH10 1 0.0893(14) 0.3668(13) 0.8974(8)  0.075(4)  1.46
O11 1 0.0655(10) 0.6929(10) 0.7722(5)  0.039(3)  2.02
O12 1 0.7980(13) 0.3095(12) 0.6395(8)  0.067(4)  1.91
O13 1 0.8262(13)  0.8825(6)  0.060(4)  2.20
OH14 1 0.1570(12) 0.7087(12) 0.8844(7)  0.065(4)  1.36
OH15 0.72(5) 2/3 1/3 0.4164(9)  0.055(11) 1.07
O16 1 0.9745(14) 0.8456(14) 0.7891(8)  0.068(4)  1.75
O17 1 0.7149(9)  0.7277(11) 0.7802(5)  0.044(3)  1.92
O18 1 0 0 0.6826(9)  0.041(5)  1.97
OH19 1 0.0100(13) 0.9045(14) 0.9110(7)  0.069(4)  1.49
OH20 1 0.0076(10) 0.5850(11) 0.5232(5)  0.045(3)  1.34
O21 1 0.0892(11) 0.4307(11) 0.3646(6)  0.046(3)  2.05
O22 1 0.6471(10) 0.4233(12) 0.5196(6)  0.048(3)  2.37
O23 1 0.9856(11) 0.7203(11) 0.8785(7)  0.059(4)  2.05
O24 1 0.7546(11) 0.1695(11) 0.5481(6)  0.046(3)  2.17
H2O25 1 0.4569(15) 0.7811(14) 0.6385(9)  0.086(5)  0.25
O26 1 0.0096(10) 0.7536(10) 0.5616(5)  0.040(3)  2.11
O27 1 2/3 1/3 0.7425(9)  0.044(6)  1.88
O28 1 0.9087(10) 0.4267(9)  0.7557(6)  0.040(3)  2.15
O29 1 0.9853(10) 0.5450(11) 0.8638(5)  0.045(3)  2.15
H2O30 1 0.3500(15) 0.7967(14) 0.7853(9)  0.080(5)  0.31
O31 1 0.7811(11) 0.4129(12) 0.8491(6)  0.049(3)  2.15
H2O32 1 1/3 2/3 0.4932(30) 0.174(51) 0.10
Note: Ueq is defi ned as one third of the trace of the orthogonalized Uij tensor.
* Calculated using bond-valence parameters for the Mn2+-O, Si4+-O, Na+-O, and 
K+-O bonds from Brown and Altermatt (1985).
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TABLE 3. Selected bond lengths (Å) in the structure of shafranovskite
Mn1-O11 2.05(1) Si8-O28 1.55(1)
Mn1-O1  2.11(1) Si8-O21 1.61(2)
Mn1-OH7  2.15(1) Si8-O31 1.63(2)
Mn1-OH4  2.18(1) Si8-O29 1.66(1)
Mn1-O2  2.21(1) <Si8-O> 1.61
Mn1-O16 2.34(2)  
<Mn1-φ> 2.17 Si9-O3 1.53(1)
  Si9-OH8 1.62(2)
Mn2-OH4 2.06(1) Si9-O6 1.66(2)
Mn2-O3  2.06(1) Si9-O9 1.67(1)
Mn2-OH7 2.09(1) <Si9-φ> 1.62
Mn2-O17 2.11(1)  
Mn2-O28 2.14(1) Si10-O31 1.60(1) 3×
Mn2-O12 2.33(2) Si10-O27 1.63(2)
Mn2φ  <Si10-O> 1.61
   
Mn3-O1 2.25(1) Si11-O22 1.58(2) 3×
Mn3-O16 2.26(2) Si11-OH15 1.60(2)
Mn3-O18 2.27(1) <Si11-φ> 1.59
Mn3-O17 2.29(1)  
Mn3-OH4  2.30(1) Na1-O11 2.40(1)
Mn3-O16 2.33(2) Na1-O28 2.40(1)
<Mn3-φ> 2.28 Na1-O3  2.42(1)
  Na1-O2  2.43(1)
Mn4-O28 2.19(1) Na1-H2O25 2.43(2)
Mn4-O27 2.24(1) Na1-H2O30 2.63(2)
Mn4-OH7  2.25(1) <Na1-φ> 2.45
Mn4-O12 2.26(2)  
Mn4-O2  2.27(1) Na2-O1  2.31(1)
Mn4-O12 2.32(2) Na2-O3 2.35(1)
<Mn4-φ> 2.26 Na2-O11 2.36(1)
  Na2-H2O30 2.40(2)
Si1-O2  1.56(1) Na2-O17 2.43(1)
Si1-O26 1.61(1) Na2-H2O25 2.77(2)
Si1-OH20 1.62(1) <Na2-φ> 2.44
Si1-O24 1.65(2)  
<Si1-φ> 1.61 Na3-O22 2.35(2)
  Na3-OH20 2.40(2)
Si2-O18 1.57(2) Na3-O29 2.41(2)
Si2-O5 1.63(1) 3× Na3-OH10 2.54(2)
<Si2-O> 1.62 Na3-O6 2.67(2)
  Na3-OH14 2.77(2)
Si3-OH19 1.59(2) <Na3-φ> 2.52
Si3-O16 1.62(2)  
Si3-O23 1.62(2) K1-OH20 2.90(1)
Si3-O13 1.63(2) K1-O23 2.96(2)
<Si3-φ> 1.62 K1-O31 2.97(1)
  K1-O21 2.98(2)
Si4-OH14  1.53(2) K1-H2O32 2.97(2)
Si4-O11  1.59(1) K1-O9  3.01(1)
Si4-O29  1.62(2) K1-O13 3.09(2)
Si4-O23  1.65(2) K1-OH8 3.14(2)
<Si4-φ> 1.60 K1-O29 3.30(1)
  <K1-φ> 3.04
Si5-O1  1.62(1)  
Si5-O9  1.62(1) K2-OH19 2.48(2)
Si5-O26 1.65(1) K2-OH10 2.70(2)
Si5-O5 1.65(1) K2-O5 2.81(1)
<Si5-O> 1.64 K2-O24 2.85(2)
  K2-O26 2.87(1)
Si6-O12 1.57(2) K2-O6 2.96(1)
Si6-O24 1.59(2) K2-O13 2.99(2)
Si6-O6  1.60(2) K2-O9 3.13(1)
Si6-O22 1.62(2) <K2-φ> 2.85
<Si6-O> 1.60  
   
Si7-OH10 1.59(2)  
Si7-O13 1.61(2)  
Si7-O17 1.61(1)  
Si7-O21 1.66(2)  
<Si7-φ> 1.62  
* φ = O, OH, H2O.
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