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S1 Details on partial Pair Distribution Function 

The partial PDFs of felsöbányaite were calculated using the PDFGui software (Farrow et al., 2009) 

in order to ascertain what are the atomic pairs that contribute more to the total PDF. This allows 

simplifying the RMC simulation boxes by not including the atoms with atomic correlations with low 

weight factors, i.e., those whose correlations are not well represented in the data. Partial PDFs between 

atoms i and j are weighted in the total PDF with a weight factor, wij(r) (Egami and Billinge 2003): 
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𝑤𝑖𝑗 =  𝑐𝑖𝑐𝑗
𝑓𝑖𝑓𝑗
⟨𝑓⟩2

Eq. S1 

where ci and cj are the concentrations of elements i and j, fi and fj their atomic form factors evaluated at Q 

= 0, and 

⟨𝑓⟩2 =  (𝛴𝑖𝑐𝑖𝑓𝑖)2 Eq. S2 

S2 Details on Reverse Monte Carlo simulation 

Three different starting structures were used in the Reverse Monte Carlo (RMC). All of them were 

built from the previously Rietveld refined felsöbányaite structure, which was modified in some cases by 

adding Al vacancies or SO4
2- molecules to the structure to match the measured Al/S ratio from the PDF. 

These structures were: (i) a modified-felsöbányaite with the nominal Al/S = 4 (fels1); (ii) a modified-

felsöbányaite including Al vacancies to reach an Al/S = 2.7 (fels2); and (iii) a modified-felsöbányaite 

including extra sulfate groups to reach Al/S = 2.7 (fels3). In the structure containing Al vacancies (fels2), 

all aluminum sites were fully coordinated by oxygen atoms. Different supercells were used in the 

refinements with sizes 111, 222 and 333. RMC modeling (McGreevy and Pusztail 1988; 

Keen 1998) was performed using the RMCprofile software (Tucker et al., 2014). 
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    List of Tables: 

    Table S1. Felsöbányaite structural parameters obtained by Rietveld analysis. 

Felsöbányaite a (Å) b (Å) b (Å) β(º) V(Å3) U V W X Ual(Å2) UO(Å2) US(Å2) d(Å) σq(Å-1) Rw(%) 
 P21-C22 12.968 9.9363 11.026 105.14 1166.0 -0.2168 -0.2587 0.0461 0.8784 0.0052 0.0176 0.0003 44.677 0.0978 19.43 

    Table S2. Close-contact distances used in the RMC runs for the different structures. 

Pair O-O O-Al O-S Al-Al Al-S S-S
Distance 1.3 1.75 1.4 2.7 2.9 2.2
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Table S3. Chemical results of solid samples. 

Natural bas. Synthetic bas. 
mg L-1 mmol g-1 ratio mg L-1 mmol g-1 ratio 

Al 200.29 7.31 4.00 219.48 8.20 4.00 
S 83.18 2.55 1.40 96.99 3.05 1.49 
Ca 1.35 0.03 0.02 0.43 0.01 0.01 
Mg 0.07 0.03 0.02 0.01 0.01 0.00 
Na 0.53 0.02 0.01 0.242 0.01 0.01 
Fe 36.09 0.63 0.34 0.462 0.01 0.01 
As 0.77 0.01 0.01 -0.3 - - 
Si 0.44 0.02 0.01 -0.044 - - 
OH 290.40 16.82 9.20 311.7 16.04 9.02 
H2O 159.50 8.712 4.77 166.85 8.71 4.56 

Al4(OH)9.2(SO4)1.4-4.77H2O Al4(OH)9.02(SO4)1.49-4.56H2O 
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Table S4. Modeling parameters for S K-edge EXAFS in natural basaluminite with 1) 100% outer-sphere ligand, 2) 100%, and 3) 50% bidentate binucleate inner-sphere 

     ligand. 

Model  Neighbor N σ2 R ΔE0 V Δχ2 
1* One shell 5.119 ± 0.051 0.0004 ± 0.0002 1.453 ± 0.002 0.213 ± 1.320 4 16.3 

2 Shell 1 5.172 ± 00783 0.0004 ± 0.0003 1.454 ± 0.003 0.354 ± 1.736 4 32.0 
Shell 2 2.000 (fixed) 0.0009  (fixed) 3.119 ± 0.029 0.354 ± 1.736 

3 Shell 1 5.208 ± 0.083 0.0003 ± 0.0003 1.453 ± 0.004 1.453 ± 1.771 4 33.3 
Shell 2 1.000 (fixed) 0.0009 (fixed) 2.109 ± 0.023 1.453 ± 1.771 

*best fit according to F-test.
V: nº of variable

  

    Table S5. Modeling parameters for S K-edge EXAFS in synthetic basaluminite with 1) 100% outer-sphere ligand, 2) 100%, and 3) 50% bidentate binucleate inner-sphere    

     ligand. 

Model  Neighbor N σ2 R ΔE0 V Δχ2 
1 One shell 4.023 ± 0.057 0.0003 ± 0.0003 1.459 ± 0.002 3.022 ± 1.402 3 36.0 

2* Shell 1 4.583 ± 0.051 0.0009 ± 0.0003 1.458 ± 0.003 2.049 ± 1.201 5 17.9 
Shell 2 2.000 (fixed) 0.0057 ± 0.0037 3.017 ± 0.033 2.049 ± 1.201 

3 Shell 1 4.532 ± 0.057 0.0009 ± 0.0003 1.458 ± 0.003 2.323 ± 1.350 5 21.8 
Shell 2 1 (fixed) 0.0091 ± 0.0069 2.188 ± 0.057 2.323 ± 1.350 

*best fit according to F-test.
V: nº of variable
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Table S6. Fit parameters obtained from the different structural models compared with S k-edge EXAFS results in natural and synthetic basaluminites. 

Fit Coordination 1 Proportion (%) χ2 R-factor Ind. Point Variable Ind. Varible Red. χ2 Model 1 Model 2 F-test Probability (%) 

B
as

-N
at

 1 b. b. inner sp. 100 30.98 0.019 9.346 4 5.346 5.795 Fit 3 Fit 1 1.901 73.00 
2 b. m. inner sp. 100 33.28 0.020 9.346 4 5.346 6.226 Fit 3 Fit 2 2.043 75.00 
4 outer sp. 100 16.29 0.010 9.346 4 5.346 3.048 

B
as

-S
yn

 

1 b. b. inner sp. 100 17.87 0.008 9.346 5 4.346 4.112 Fit 1 Fit 2 2.206 79.00 
2 b. m. inner sp. 100 21.83 0.011 9.346 5 4.346 5.024 Fit 1 Fit 3 1.222 60.00 
4 outer sp. 100 36.01 0.017 9.346 3 6.346 5.674 

b.b. inner sp.: bidentate binucleate inner-sphere
b.m. inner sp.: bidentate mononucleate inner-sphere
outer sp.: outer-sphere 
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    List of Figures: 

    Figure S1. Diffraction patter of natural felsöbányaite (red) and theoretical felsöbányaite (black) refine by    

   Rietveld analysis from the structure proposed by Farkas & Pertlik (1997). 
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 (red) and (c) synthetic      Figure S2. Thermo-gravimetric spectra of (a) felsöbányaite (black) and (b) natural

    (blue) basaluminite. The shaded regions represent the different dehydration steps in felsöbányaite. 
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     Figure S3. Basaluminite and felsöbányaite diffraction pattern. The patterns were collected using Cu kα1    

   (λkα1 = 1.5406 Å) and kα2 (λkα2 = 1.5444 Å) radiation in the range 2θ = 0-60°.
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Figure S4. PDF of natural felsöbányaite (black), and calculated partial PDFs of felsöbányaite from the 

    structure proposed by Farkas and Pertlik (1997) (grayscale). 
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Figure S5. χ2 evolution during RMC runs of fels1[2,2,2], fels2[2,2,2] and fels3[2,2,2] supercells. 
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Figure S6. Different views of the final basaluminite structure, from (a) plane a-c, (b) plane a-b, and (c) b-

edge of the fels2 [2,2,2] structural model after RMC refinement. The sections (a) and (c) reveal the 

octahedral-layer deformation and (b) shows the vacancies in Al-octahedral position imposed previously to 

RMC model by reach [Al]/[S] proportion in natural samples. 
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   Figure S7: Al-O partial pair distribution function of a Rierveld refined felsöbányaite (black and the   

 fels2[2,2,2] RMCrefined structure (red). The vertical lines indicate the Al-O distance for Al(IV), Al(V) 

  and Al(VI). 
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