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AbstrAct

Aluminum hydroxysulfate, AlSO4(OH), is postulated to play a vital role in controlling the solubility 
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This study reports the synthesis of an AlSO4(OH) crystal at 700 qC and a1.0 GPa in a hydrothermal 
diamond-anvil cell from a mixture of 95% H2SO4 and Al2O3 powder and its structure determination 
from single-crystal X-ray diffraction data. AlSO4(OH) is monoclinic with space group C2/c and unit-
cell parameters a = 7.1110(4), b = 7.0311(5), c = 7.0088(4) Å, E = 119.281(2)q, and V = 305.65(3) 
Å3. Its crystal structure is characterized by kinked chains of corner-sharing AlO6 octahedra that run 
parallel to the c-axis. These chains are linked together by SO4 tetrahedra and hydrogen bonds, forming 
an octahedral-tetrahedral framework. Except for the numbers and positions of H atoms, AlSO4(OH) is 
isostructural with the kieserite-type minerals, a subgroup of the titanite group of minerals. A compari-
son of powder X-ray diffraction patterns indicates that our AlSO4(OH) is the same as that obtained by 
Shanks et al. (1981) through hydrolysis of Al2(SO4)3 solutions at temperatures above 310 qC. To date, 
AlSO4(OH) has been synthesized only at temperatures above 290 qC, implying that it may not stable 
in low-temperature environments, such as acidic soils and mine waters. The possible environments 
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rocks under elevated temperature and pressure, and on Venus where a sulfur-rich atmosphere interacts 
with surface rocks at temperatures above 400 qC.
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introduction

Aluminum hydroxysulfates are of great importance as precursor 
materials for preparation of various activated aluminas, catalysts, 
D-aluminas, and quality ceramic products (MacZura et al. 1994 and 
references therein). Of the many compounds in the system Al2O3-
SO3-H2O (Bassett and Goodwin 1949; Dyson and Scott 1965; 
Nordstrom 1982), only about a dozen are known to occur naturally 
in low-temperature environments, such as hydrobasaluminite 
Al4SO4(OH)10·9H2O, felsobanyaite Al4SO4(OH)10·4H2O, alunogen 
Al2(SO4)3(H2O)12·5H2O, and jurbanite/rostite AlSO4(OH)·5H2O. 
Numerous studies have shown that some aluminum hydroxysul-
fates play a vital role in controlling the solubility of aluminum in 
sulfate-rich acidic soils and ground waters (e.g., Van Breemen 
1976; Nordstrom 1982; Jones et al. 2011). In particular, based on 
the observations on aluminum activities in 127 acid mine waters 
and acid sulfate soil waters, Van Breemen (1973) found, for a 
wide range of pH, pAl, and pSO4, that there was a fairly constant 
proportion of Al:OH:SO4 = 1:1:1, and suggested that a basic 
aluminum sulfate mineral of this stoichiometry controlled the 
dissolved aluminum concentrations. Further evidence to support 
this unknown mineral as a control on dissolved aluminum in acid 
sulfate soils and acid mine waters was provided by Van Breemen 
(1976) and Nordstrom (1982). Consequently, a new approach, 
called the AlSO4(OH) approach or a constant solubility product 
of AlSO4(OH) (Ludwig et al. 1999), has been proposed to model 

soil solution field data (Ludwig et al. 1999), as compared to the 
classical sorption isotherm approach (e.g., Alewell et al. 1997). 
Nevertheless, Van Breemen’s conjectured mineral has not yet 
been discovered in nature, possibly because it may be very fine 
grained and amorphous (Van Breemen 1973; Nordstrom 1982). 
It should be pointed out that the compound AlSO4(OH) was also 
expressed as Al(OH)SO4 or AlOHSO4 in the literature. However, 
to facilitate a direct comparison with the kieserite-group minerals, 
we have adapted the formula AlSO4(OH) throughout this paper.

Several experiments at temperatures above 100 qC, however, 
have produced other aluminum hydroxysulfates by hydrolysis 
of Al2(SO4)3 solutions (Bassett and Goodwin 1949; Dyson and 
Scott 1965; Shanks et al. 1981). Of special interest is “phase 
A” synthesized at 290 qC by Dyson and Scott (1965). This new 
phase has the composition AlSO4(OH) and does not appear at 
much lower temperatures (for example, 250 qC). It dehydrates 
upon heating above 550 qC. Shanks et al. (1981) obtained fine 
crystalline AlSO4(OH) from 127 and 336 g/L Al2(SO4)3 solutions 
at temperatures greater than 310 qC and suggested that the high-
temperature hydrolysis product, AlSO4(OH), could represent a 
possible state-of-the-art alternative to recovering alumina from 
Al2(SO4)3. This study reports the first structure analysis of hy-
drothermally synthesized AlSO4(OH) with single-crystal X-ray 
diffraction and Raman spectroscopy.

experimentAL metHods
The AlSO4(OH) crystal used in this study was synthesized in a hydrothermal 

diamond-anvil cell (HDAC) from a solution consisting of concentrated 95–98% * E-mail: hyang@email.arizona.edu
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