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Introduction:  Members of the natrojarosite 
NaFe3(SO4)2(OH)6 ,  hydronium jarosite  H3OFe3(SO4)2(OH)6 
and jarosite KFe3(SO4)2(OH)6 solid solution series were 
synthesized and investigated by Rietveld analysis of X-ray 
powder diffraction data.  Well defined trends can be seen in the 
unit cell parameters across the solid solution series in the 
synthetic samples.  Samples in the jarosite – hydronium jarosite 
and natrojarosite – hydronium jarosite series in this study were 
directly synthesized under hydrothermal conditions at 140̊C 
using starting materials of Fe2(SO4)3·5H2O + K2SO4 + Na2SO4 + 
H2O. End-member potassium jarosite and members of the 
jarosite – natrojarosite series were synthesized from a stoichi-
ometric mixture of FeCl3 + KCl + LiCl + Fe(SO4)3·5H2O + H2O.  
End-member natrojarosite was synthesized using a two-step 
method, where the initial sample was heated in a 1.0mH2SO4 – 
0.5Na2SO4 solution at 200̊C for 3 days, yielding a sample with 
100% Na occupancy.  Many of the samples were initially zoned 
and required grinding and re-heating in the reactant solution for 
homogenization.  Substitution of H3O, K and Na into the 
structure changes the unit cell parameters in a linear fashion,  c 
changes significantly and a to a lesser degree (Fig. 1). The unit 
cell parameters presented here are significantly different than 
previous studies on synthetic samples, as samples in the current 
study have full iron occupancy and the Na – K jarosite series has 
no H3O substitution in the A site.  Comparison of these results 
with previous studies of synthetic jarosite group solid solution 
indicates that these samples consisted of samples that were non-
stoichiometric with respect to iron. One iron deficient sample 
was synthesized to determine the effect of non-stoichiometry. . 
Iron deficiency leads to a significant decrease in unit-cell volume 
(large in c, minor in a), which is caused by bond length Fe-O3, 
which is markedly shorter than stoichiometric samples with 
similar potassium occupancy.  The synthetic samples are 
compared to natural samples from mine waste deposits in Rio 
Tinto, Huelva, Spain, Ely Mine, Vermont and a mineral collect-
ing locality near Sharbot Lake, Ontario as well as natural and 
synthetic samples documented in the literature.  Based on unit 
cell parameters many of the natural samples appear to have full 
iron occupancy and correlate well with the synthetic samples 
from this study.  The infrared spectra of the jarosite samples 
were analyzed and there is a gradual change in the spectral 
features across the solid solution series between end-members 
(Fig. 2). The cell dimension variation  will aid in the interpreta-
tion of the possible chemical compositions of any jarosite group. 
minerals identified by CHEMIN X-ray diffraction data. 
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Figure1. Variation in the cell dimensions of jarosite 
group minerals. 
 

 
Figure 2. Infra-red spectra of jarosite group minerals 
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