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AaSTRACT

The crystal struCtures of jarosite and svanbergite have been refined,
It Was revealed that geornetry of the sulphur tetrahedra in jarosite a.nd
al11Diteisml.lchaffectedby theocta]le,;kal catJons...Thesulphur tetrahedra
in. jarosi te expand neady to. ma::dm1ll11, and. they are comparable in size to

tbose of phosphorus tetrahedra. The siX refined crystalstrllctures of the
alunite-type rnir'.eraJs, alunite,goyazite, crandaHite, woodhouseHe and these
two minerals, are compared. It.. was found th11t jarosite which has. Fe
octahedrahehavesiil ahexeeptional manner. It seems that the geometry of
Other.five struCtures which have AI octahedra is. in right order horntht!.
v few. point of crysta! chemistry.

Introduction

Thealurnte-type structures are of mineralogical and crystal-
lographicat interest on account of the many types of isomorphous

substitutions shown by them. The minerals of this structure type

are classified into the fonowing three groups:: (1) alunite group
(sulphates), (2) woodhouSeite group (suJphate~phosphates or sulphate-

arsenates), and (3) crandaUite group (phospbatesOr arseriates).
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The broad features of the alunite-type structures ha ye been

known since ahmite, KAl~(SO.MOI-I)~,itself was studied by HendrickS
(1937), although he assigned this structure to the space group R3m

on the basis of a pyroelectric test. Pabst (1947) considered that the

struc.tures of the alunite-type minerals are in the space group R3rn,
and determined atomic positiOrial parameters of alunite, svanbergite,
SrAllPO,)(SO.)(OH)., andwoodhol1seite, CaAliPOJ(SO,)(OH),c An

accurate refinement of the alunite: structure Was tarried out by Wang,

Bradley and Steinfink(1965). Kato (1971, 1977) refined the crystal

structures of goyazite, SrAla(PO.MOH}..H.O, and \\1oodhouseite.

Blount (1974) refined the crystal structure of cnmdalii te. CaAI,fPo3
(O...(OH),.,)~(OHh. It is to be noticed that the Ca ions in this

structure are not located at the origin.
Hendricks (937)cousidered that jarosite, KFes(SO.)(bH)" is is()-

structuralwithaluIlite but the presence of iron did I10t allow him to

<;Ietermin.e positional parameters. of the atoms from the X-ray data.
It.. was. (:ohsidered to be necessary~ to refine further the svanbergite

structure using single crystal diffractometer data because a ceU

parameter of this rnineral(c~17 A.) is very large and smaIl shifts of

atomic positional parameters may make substantial change .in the
iIlteratorilic distances as pointed out by Pabst (1947). This paper

reports the detail of the crystal structures of jarosite aIid svanbergite
together with a.. comparison. of.. these s;truc tares wi thother

.

refihed

structuresof this structure type.

A jarosite crystal of 0.18X O.l&xO.10mm in size was chosen froni
theskmple fromlVIeadow Valley t, Pioche, Nevada provided by U.s..
National Museum (USNMR 94406). A ..svanbergitecrystal .of O.25x
D:20XO.20rnm in si:i~ w.as seleCted frornthe sampIefrorri the Dover
Andalusite Mine,Neva.daprovided by:aritish Museum (8M 17702).
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Intensities of 294 non-zero reflections for jarosite and 283 rellec-
tions for svanbergitewere measured with aSyntex pI autodiffracto-

meter using 20 scans in the variablesc.an speed mode. Graphite

monbchromatized MoKa radiation WaS used, and only reflections for

which [> 3<7(1) were taken into account. Reflections up to maximum
28-60. were coUeHed. In.tensIties were corrected fot L{)reIltz~

polarization effects and for absorption. The cell parameters based

on least squares refiriementof 15 high 28 reflections are compared

in Table 1 together with those of previous works.

The>atomiC: coordil1ntes otalunite determined O'{ WaJigef {II.

(1965) andtho.se ofsvanbergitedeterminedby Pabst (1M7) Were

used for the refinement at jarosite and svanDe:rgite structures.res~

pec.th'e{Y~by tnefuil-matdx least: sqUaTeSprogram. FLS-4. ,...rit~n
hy Sakurai (1967)~ Therefinemen1: adopting tlie sp.ategtoup R3n~

sttd:::essfully cQJlverged to give the values of R==O.06O for jarosite

421



and 0.085 for sv'anbergite. In Table 2 the final atomic coordinates

are compared with reported \'alues. The calculated bond distances

and angles with error are gi\ien in Table 3.

Theall.lnite~type strut-lures belong to the rhombohedral space
group R3m, andatedescdbed in terms of the hexagonal ceIl iri

which a=7 A, c=17 A approximately. Their Inast obvious feature is
the sheet of. octahedral group (joined..comer-to-carner) patanel to

the (001) plane. The central cation is either AlH or FeH, depending

on themilleral, and four anions shared with other {)ctahedrl:dgroup.



~
$-0(1)

S-O (2)
0(1)-0(2)

o (2) -0 (2')

a.re hydroXyl. The hydroXy!s arrange in a plane which is roughly

parallel ...to.. the(OOl} plane. .The remaining two .anions. areoxygens,
lying on opposite sides of the layers of hydroxyls. The.octahedta

form siX and three membered' rings; and the three avical oxygen"
fromea.ch triad of octahedra form the base of phosphate,s\;liphate:

or arsenate tetrahedralgrou.ps, with whkhthe oxygensare shared
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(Fig. 1). When a further octahedral network is added to the struc-

ture it is located so that two" triads of hydroxyls enclose" a site in
which aiargercation such as. K+, Sr2+, PbH, Ce'+, Ca'+, Na+may

be located in twe1vecoordinati011, The remaining' anionS of interest

are the apex Qxygens On each of the tetrahedral groups. These
point alternately up and down the c-axis, projecting into the six-

membered rings of octahedrid hydroxyls, to which they are probably.
lightly bdnded, by long hydrogen bonds.

Wangetal. (1965) concluded that in the alunite structw:e ptotons

would' be at xxz x=O.20 and z=O.U. Kiriyama (1965) determined the
. . .

distances or neighboring protoI1s in the alunite. structure by NMR
data (Fig. 2).

.. The jarosite-atIuctun:: is clerivedfrom"tllealunitestructure by
replacing-AI by Fe. It Was foun.d that this replacement gives a verY

profound effect' ~mthe geofuetryof octahedra al1dsimultarie.ously on
te

.

tra
.

he
.

dra..'AlthoughHendrlcks (1937). oDt
.
a

.
Inec117.G3A

.

......

.
3.sthe'c-- -.-

- - '. -- - - - -.
- - - -

-.
- -

. .-. ~
-

.

pararilderof> jarosite,thatobt:ailJ.ed in this study is. 17.268A..
Synthesizedjarosi te'. (A.S.T.M. GatdN o. 22-827) alsQgives }7.16 A.'
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It i.s hard tofirid the reasofiwhysubstantial decrease1l1tlsf occur

in thee parameter of jarositecornpared to that of ah.lmte.

. In the jarositestruc.ture, tIre ferriC iron is coordinated in
slightly .distortedoctahedra.forrned by four OHandtwooxygen

atoms from tVfO separate Sb~groups. The distance .between iron

and> oxygen is. 2.CJ.47A.The Fe-OH bondlength ~s.1.977k'fheOH"'

OH edge distances are 2.732 and
...

2.857A ;O~.OHedgedistarices :ar~

2.773and2.91SA.Eacb iron atom is at asymmetry-center with
paked internal a.ngle O-Fe__OH 87.13° and 92.S?" and OH-Fe-:OI-I

87.45" and 92.55°. ...The configUration. of a s1ngle octai'.edronis Hlust-
rated inFig. 3(b).

In. thejaros{te.structure; iron octahedra. show a considerable
expansion than .al1iIninl1:rn octahedra. of alunife,resulting in giving
aXlexpanmon of sulpbur tetrahedra. The three equivalentboAds

fromsutphuF iitQmto basal oxygen!'!, 5-0(2), has' a distance of L54fiA,

while. .

the bOnd. lengtn.. between. the sulphur.. atom. and. the.. apical
oxygen, ()(l), is 1.4USA..and this bond is consiQer~d.to be the

'doubly'bonded one as pointed out by Wang ef al. (1966) in the



Bond lengths and angles of refined alunite-type structures.
,:,.

Table 4.

~goyazite crandallite woodhouseitc svanbcrgite alunite jarosi teWang Rong
Kato (1971) Blount (19"/4) Kata (1977) This studY et al. (1965)

This study

Tetrahedron P P P,S P, S S S -i
X-o(l)(xl) 1.5S1A 1.520A 1.483! 1.488! 1. 40BA 1. 468A. :r

<l>
x-o (2)( x 3) 1. 522 1. 543 1.492 1. 493 1.477 1. 54.5 n...
Mean 1.529- 1. 537 1.4.90 1. 492 1. 459 1. 526 ~[

O(2)-X-Q(2') 110.11' 110.4" 10B.45' 108.17' 109.4.9" 109.79"
~'.Q(2)-X~Q(1) 110.10 108.5 110.45 no. 71 109.45 109.11 "'.,

Mean. 110.11 109.5 109.45 109.44 109.47 109.45
.......
i:i....
<l>

Octahedron AI .AI AI AI AI Fe
CD

0
B-O(2) (x2) 1.907 A 1.931A 1. 939A 1.939A L 963A 2.047A .....

B-OH(x4) 1.896 1. 888 1.892 1. 889 1. 864 1.977 'p;'....

Mean 1.900 1.902 1.90B 1.914 1.B97 2.012
0

~,
or

Me<In 0 (2)-oR 2.688 2.700 2.709 2.662 2.707 2.844
'":3-

Mean OR-oa 2.682 2.669 2.675 2.672 2.636 2.795 p..

Mean 2.685 2.685 2.692 2.667 2.672 2.820
CD
<:
'";:I

Twelve coordinated ion
r::r
<l>

Sf Ca
...

Ca Sr K K ~.
A.:o (2) 2.788 Mean 2.748 2.788 2.797 2.821 2.913 ;;
A~QH 2.729 Mean 2.674 2.688 2.710 2.871 2.816
Mean 2.759 2.711 2.738 2.754 2.846 2.865

O(l)-OH 2.759 2,728 2.767 2.778 2.964 2.940
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~hmite structure. The mean bondJength of 5-0 in jarosite is 1.526A,

while that of alunite is 1.459A. Baur (1970) stated. that the borid
lengths between sulphur and oxygen range 1.42 to 1.61.A with the

mean value of 1.473A, and tha.t those between phosphorus and
oxygen range 1.44 to 1.64A with the meaI1Va1ue of 1.537A. The
sulpllurtetrahedra in jarosite expand nearly wmaxlmum, and they

are comparable insize to those of phosphorus tetrahedra in ather
alunite-type structures (Table 4 and Fig. 3 (a) and (b)).

Fig. 3. Geoll1etry of. tetra.hedra and OCtahedra.
(Wansfdai. (1965)).

. (b) jarosite.
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ment about each potassium aTe at the distances of 2.816A (2.871A

it!. alunite); the K-OH boud lengths in jarosite.are shOrter than
those of K-O. This situation is the reVerse of the alunite structure,

and'the alunite, case is exceptional aIIlongthe'" refined alunite-t::{pe
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neighborsais~a~tii9-<1(ik,..and these three.associ~tions are presumed
to be hydrog~n bonds:.,.

.

ThesVaribergHestructure".can'Pe corr:iQaredwith 'that of wood.
h6useite,Th~. replacement ofGairi thewoOdhouseite.striIcture by., .

Sr results' inthe\svanbergitestructUre.A1uminum is coordinated by

oandOH inth~fornlofa slightly distorted octahedron. The distance

between alumimim'and oxygen is L939Awhichis the same as that
of woodhouseite, The AI~()H bond length of 1.889A is almost the
same as the value of L892Ain woodhouscite. The OH'-OH edge
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distances of the Octahedron is 2.616 and 2.717 Awhidl agree weir
with 2.616 and 2,73'lAinvmodhouseite; o-OH edge distances are
2.650 and 2.674.A, corresponding values in woodhouseit~ are 2.645

and 2.772 A, respectively. Each alumihurn atom hasP3ired Internal
angles O-A!-OH 87.57" and 92..13" and OR-AI-OH 87.61" and 92.'73.,

These values c.ompare weUwiththose of woodhouseite, 87.32", 92.68\
B7.47~ and. 91.33.\ respec.tively (Fig. 3 (c) ).

The?, Stetrahedra (P and Sare disordered) in. the svanbergite

structure are also: simiJatto those in.woodhouseite.The bonG.ltmgtbs

from P, Sto tbe baSa!oxygen atoms are 1.493A, and that to the

apical oxygen is lASS! (Fig. 3 (c»). ...
.

.
Thestrontitlffi ion appears to be 12-coordinated,to six 0(2) .at

2.797 A and siX OR at 2.710A.. These values co~pare well with

tbose Qfgoyazite, 2.788 and 2.729A., respectively. The bond length
bet.ween the apical oxygen and OH is 2.778k

Theprincipa! bond lengths and angles of six refined aluillte~
type structures inciuding jarosite and 5\Tanbergite are' listed ill

~~~
. .

' .,
.

,

Among these structures only j1irositeha$ Feocta.hedra. and all

others have Aloctahedra; As aiready mentioned, jarosite' behaVes

in an exceptio1lal manner. CompaTIpg tbe remainingflvestructures

the geometry of tetfuhedra, octahedra, and. 12-cooroinated i<m sur~
roundings Seems tG be in right order from the view Point of crystal
chemistry... '. .

The mean 1'-0,. (P, 5)-0 and 5-0. values by Baur (1970} are 1.537;
1.505 and 1.473A, respectively. The refined results, 1.537 (crandallite,
Btount(1974). ..1.529 (goyazite); 1.492 (svanbergite), 1.490 (wood-

houseite); l.459(alul'lite,Wanget at. (1965) agree with these expected

va.!ues.Tlie geometry of Al oc.tahedraoi these five structUres is
similar. The distances between 12-coordinated ions and 0(2) a.nd OR

increase with increasing cation radii.. As a!readymentioned,the. dis-
tances between cation and 0(2) are longer than those of cation to
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OR except the case of alunite.
Finally;, we can state that the alunite-type structure is so flexi-

ble that (1) various ions can construct this structure and (2) even

the same Ion can have different geometry to adapt this structure

as revealed by the jaiosite structure. This flexibiHty is the reason
whysornanyminera!s of various composition tan crystalli.ze in the

alunite-type structure.
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