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Report:  
Background. In natural systems As and S often occur together and thus inter-

elemental reactions and complex formations play a major role for mobility and 

toxicity of arsenic. There are controversies whether the As-S species occurring under 

reduced conditions are thioarsenites1-4 or thioarsenates4-7. The recent study focused on 

obtaining X-ray Absorption Spectroscopy (XAS) data for thioarsenate standards 

already identified as such by XRD5, indispensable for all further studies. 

Experimental. The solid thioarsenate salts (mono-, di-, and tetrathioarsenate; pellets 

with 8.9 mg total As in 300 mg Boronitrite), and liquid and flash-frozen thioarsenate 

solutions (10 mM, pH ≈ 12) were subject to XAS experiments at the Rossendorf 

Beamline (BM20) in Grenoble, France. XAS spectra were collected at the As K-edge 

(11867 eV) at room temperature (liquids) and at 15 K (He-Cryostat; solids and flash-

frozen samples) in absorption (Oxford ionization chamber) and fluorescence mode 

(Canberra 13-element Ge-Detector). The spectra were averaged, dead-time corrected, 

background subtracted and normalized using SixPack8. EXAFS shell fitting was 

performed using FEFF 7.02 and WinXAS 3.19.  



 

Results. The As-O and As-S coordination numbers (Tab. 1) confirmed the structure as 

the expected mono- (AsO3S3-), di- (AsO2S2
3-), and tetrathioarsenates (AsS4

3-). The 

As-O bond distances of 1.69 to 1.70 Å are comparable with those stated for arsenates 

(e.g. scrondiotite 1.60 Å10), and are easily distinguishable from those for arsenite at 

1.78 Å. The As-S distances with 2.13 to 2.18 Å were clearly shorter than those 

published for arsenite-sulfide minerals with 2.24 to 2.34 Å10. As expected, no As-O 

bonding was determined in tetrathioarsenate, which is fully coordinated with S. As 

the extent of sulfide-groups increases, the position of the absorption edge shifts 

systematically and linearly towards lower energies compared to that of arsenate. The 

structural data for the individual solid and liquid samples, measured at room 

temperature or at 15 K, did not show obvious differences, suggesting that the aqueous 

complexes have similar structures as the XRD-identified solids and are stable in 

solution.  

Table 1: As-K edge energies and EXAFS fit results of thioarsenate standards  

Thioarsenate samples E0 [eV] O coordination S coordination ΔE0 
[eV]

χ2
res 

% 
  CN R[Å] σ2[Å2] CN R[Å] σ2 [Å2]   

Mono- (liquid, 15K) 11871.0 2.9 1.70 0.0007 0.9 2.17 0.0001 6.0 23.9
Mono- (liquid, RT) 11871.0 2.8 1.70 0.0025 0.7 2.13 0.0013 4.8 23.4
Mono- (solid) 11871.0 2.6 1.70 0.0016 0.7 2.14 0.0014 6.2 20.2
Di- (liquid, 15K) 11870.0 2.0 1.70 0.0015 1.7 2.15 0.0007 6.4 22.3
Di- (solid) 11870.0 1.6 1.70 0.0007 1.9 2.17 0.0022 8.2 17.7
Tetra- (liquid, 15K) 11869.5    4.5 2.18 0.0029 9.8 25.3
Tetra- (liquid, RT) 11869.0    4.1 2.18 0.0030 8.8 15.0
Tetrathioarsenate (solid) 11869.5    3.9 2.17 0.0025 7.8 16.9
CN: coordination number, error ± 25 %, R: Radial distance, error ±0.01 Å, σ2: Debye-
Waller factor, error ±0.0005 Å2 
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