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ABSTRACT

The crystal structures of jarosite and svanbergite have been. refined.
It wasa revealed thal geometry of the sulpbur tetrahedraz in jarosite and
alunite is muck affected by the octaheédral cations, The sulphur tetrahedra
i jarosite expand searly to makimun, and theéy are comparable in size to
those of phosphorus tétrahedra. The six refined crystal structures of the
alunite-type minerals, alunite, goyazite, crandallite, woodhouseite and thesée
twao' minerals, are compared. It was found that jarosite which has Fe
octahedraz behaves in an excegi:ianal manner.. It seems that the geometry of
other five structures which have Al octahedra is in right order from the
view point of crystal chémistry.

Introduction

The alunite-fype structures are of mineralogical and crystal-
lographical interest on account of the many types of isoniorphous
substitutions shown by them. The minerals of this structure type
are classified into the following three groups: (1) alanite group
{sulphates), (2} woeodhouseite group (sulphate-phosphates or suiphate-
arsenates), and {3) crandaflite group (phosphates or arsenates).
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The broad features of the alunite-type structures have been
known since alunite, KAL(SQ,L(OH);, itself was studied by Hendricks
(1937, althcﬁgh he assighed this structure to the space group R3m
on the basis of a pyroeleciric tést. Pabst (1947) considered that the
structures of the alunite-type minerals are in the space group R3m,
and determined atomic positional parameters of alunite, svanbergite,
SrAlL(PO)SOXOH),, and woodhouseite, CaAlL(PONMSQONOH),. An
accurate refinément of the alunite structure was carried out by Wang,
Bradley and Steinfink {1965). Kato (1971, 1977) refined the crystal
structures - ¢f govazite, SrAl(POJ(OH);-H,O, and  woodhouseite.
Hlount (3974} refined the crystal structure of crandallite; CaAl[P0:
(Qoa{OHY 1] (OB). It is to be noticed that the Ca ions in this
structdre aré not located at the origin.

Hendricks {1937) considered that jarosite, KFe (SO )OH);, is isc-
structural with alunite but the presence of iron did not allow him to
determine pesitional parameters of the atoms " from: the X-ray data.
It was eonsidered to be necessaryl' to refine further the svanbergite
structure using- single crystal diffractometer data because a cell
parameter of this mineral (c=£17A) is very largé and small shifts of
atomic positional parameters 1oay make substantial change in the
interatomic ® distances - as pointed out by Pabst (1947). This paper
réports the detail of the crystal structures of jarosite and svanbergite
iogether with a comparison of these structures with other refined
structures of this structure type. :

Experimental

A jarosite crystal of 0.18%0.18x0.10 mm in size was chosen from
‘the ‘sample from Meadow Valley 1, Pioche, Nevada provided by U.S
Naitional Museum (USNMR 94406). A svanbergite crystal of 0.25X
020020 mm in’ ¢ize was selected from the sampie froo: the Dover
- Andalusite Mine, Nevada provided by British Museum (BM 17702).
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Intensities of 294 non-zero reflections for jarosite and 283 reflec-
tions for svénbergité were measured with a Syntex P1 auto d_iffractc’-
meter using 2¢ scans in the variable scan speed mode. Graphite
monochromatized MoK« radiation was used, and only reflections for
whicti I>3#{]) were taken into account. Reflections up to raximum
28=60" were collected. Intensities were corrected for Lorentz-
polarization effects and for absorption. The cell parametess based
on least squares refinement of 15 high 28 refléctions dre compared
in Table 1 together with those of prévious works:

‘Table 1. Unit cell parameters {in 5.).

a P
aluniie _
Hendricks {1937) ) 6.97 17,58
Pabst (1947) 6.97 17.38°
Wang et al. {1365) 6. 970(1) 17.27{1}
jarosite
Hendricks (1937 7.2% 17.03
synthesized® 7. 28 17.16:
this study 7304023 17.268(5}"
svanbargife
Yghberg (1545) 6. 96. 16. 8
thig study 6. 892(2) 18, 567 (5} :

* A.S.T.M. 22-827

Refinement

“The atemic ceordinates of alunite determined by Wang ef ol
(1955) and those of svanbergite defermined by Fabst (1947 were
uwsed for the refinement of Jarosite and svasbergite structures, res-
pectively, by the full-matrix least squares programt FLS-4 wrif:t_e:;
By Sakaersi (1067) 'The refinement adopting the space group E3m
successfully converged to give the valués of R=0060 for jaresite
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and 0.085 for svanbergite. In Table 2 the 6nal atomic coordinates.
are compared with reported values. The calculated bond distances
and angles with error are given in Table 3.

Table 2. Atomic coordinates.

x ¥ z B
jdrosite
K 0 ¢ G 1.04
S ¢ H 0.3084(1} 0.58
Al i/6 ~1/6 -1/6 0.58
Oy 0 ¢ 0.3934(4) 1.00
O 0.2180(7) =0 2E80 0 0, 05432y 1.28
CH 0.1247 (7} ~0.1247 0.1351(2) 0.80
svanbergite '
Pabst (1947}
Sr U O ¢
P, 5 0 I G. 29
Al 1/6 ~1/6 -1/8
O 0 0 038
G2 0,213 —=0.213 -0.08
OH 0.14 — 0. 14 G.14
This study
Sr B & G 1,29
P S 0 0 0. 3095{4) 011
Al : i/6 ~1/6 —1/& 0. 2%
G(ly g 0 0.3883(11) 6. 36
02} 0.2180(17y. - —0.2180 = 0. 0558 (6) 0.46
OH 31247 (A7 —0.1247 = 0. 1358 (6 0.13
Biscussion

The alunitetype structures. belong to the. rhombeohedral space
group R3m; and are described in terms of the hexagonal cell in
which. e=74; c=1_?ﬁs. approximately.. Their most obvious. feature is
the sheet of octahedral group (joined corner-to-corner) parallel to
the (001) plane. The central cation is either Al"™ or Fe®*, depending
on the ‘mineral, and four anions shared with other octahedral group
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Table 2. Bond léngths and angles.

jarosite syanbergite
S-0(h 1.468(3) A P, 9-0(1 1.488(19) A
S2Q¢(2) 1.545(6) {P, §)-O(D 1,493{10%
0{?«0(3) 2.455(8) : G{1)-0(2) 2.453(18)
0(25-0(21) 2.527(8) O -0 () L2.49(19)
Fe-Qq2y - 2.047 (43 AL-O(Z) 1.939(103
Fe-OH L.O77¢5) AL-OH 1.888(17)
0{2)-08 2.915(6) O (2;-0H 2. 674(¢13)
O (2 -0H 2.773(7) O¢2ry-0H 2650017y
OH-OHr 2.732(5) OH-0I¥ 2. 616{10)
OH-0H " 2.857(6} OH-O" 2.727(20
K-O (@) 29136) L Sr-0@) 2.797(14)
T2)-0(2) 4.777(85) . O2y-0(2y 4571019}
K-OH 2.816(4) Sr-OH 2.710163
OH_OW? 27328y CH-OH 2. 616012
Fe-5 3. 230(2) Al-(B, 5 3. 110(5)
Fe-X 4. 563(8) Al-Sr 1. 4218
O(2)-5-0(2") 109, 79 (263 * O{2y-(F, 5;-0(2") 108.17(84)>
O -5-0 (1) 108, 11{18) O(2)- (P, S1-0(1y. 110.71(44)
G(2)-Fe-OH - - 87.13(18) O(2y~Al-OH 87,57 {45)
O (Z)-Fe-OK 92, 8718y - 0(2)-A1-DH - 92. 43465 :
OH-Fe-GH/ U BT.45(19) CH-A}-OH' - B7.61(48)
QH/-Fe-OH" 92.55(19) - OH‘-Al-OH 62.39(48)
S-0@)-Fe = - 127.60(30) (P,S)-0(2)-AL  129.40(76)
COM-0H - 2.84emA O(1)-0H 2.778(16) A

are hydroxyl The bydroxyls arrange in a plane which is roughiy
paraliel to the (001} plane.. The remaining two anions are oxygens,
Yying on opposite sides of the layers of hydroxyls. The octahedra
form six and three membered rings; and the three apical oxygens
frarn-egx:ﬁ triad - of octahedra forim the base of phosphate, stlphate
or arSenate tetrahedra ‘groups, with which the oxygens are shared
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{Fig. 1). When a further octahedral network is added to the struc-
fire it is located so that two triads of hydroxyls enclose a site in
which a larger cation such as K*, St®*, Pp*, Ce**, Ca™, Na* may
Le located in twelve cpordination. Theé reméaining anions of intérest
are the apex oxygens on each of the tetrahedral groups. These
point alternately up and down the caxis,” projecting into the six-
membered rings of octahedral hydroxyls, to which they are probably-
lightly bonded, by long hydrogen bonds. '

- Fig. 1 é-axis projection of alunite-type structure.. Only polyhedral
contacts between z=1/3 and  z=2/3 and the positions of teirahedra
neat the origin are shown. ' :

Wang et al. (1965) concluded that in the alunite structure protons
would be at x%z x=020 and #=0.11. Kirivama (1965) determined the
distances of neighbaring protons in the alunite structure By NME
data {Fig. 2). :

s The jarosite structure s derived from the alunite. stricture by
rgplacipg__A_i by Fe. It was found that this replécement- ines a fery
profound effect on __th_e geomietry of octahedra: aﬁd s,imulta:vaf::{usi33'E on
tetrahedra..  Although Hendricks (1937) ohtained 17.03A as the ¢
parameter ‘ of ' jarosite,. “that - obtained: in I_:hié “study s 17.268A.
Synthesized jarosite (A.S.T.M. Card No. 22-827) ‘also gives 17.16A.
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Fig. 2. Conﬁgﬂratwn of siy nmghbormg H-.in ajunite
(K:r:yama {1965} §.

It is hard to find the reason why ‘substantial’ decredse must ocedr
in the ¢ parameter of jarosite compared to that of alinite,

In the jar{}s:te structure; the ferric lron is coordinated in
slsght!y distorted octahe{ira formed by four: OH and two oxygen
atoms from two separate 80, groups. The distance -between iron
and oxygen is 204?A The Fe-OH bond fength is L 577 A. The OH~
OH edge distances are 2732 and 2857A: O-OH edge distances’ ‘are
2.773 and 29154A; ‘Tach iron atom is at & &ymmetry center’ with
paired internal angle O-Fe-OH. 8713° and 92.87° ‘and OH-Fe- {)H
87.45% and 9255°, The conﬁguranen of 2 smgle octahedrmz is 1111..5&-
rated in Fig. 3(b). :

In the jarosite structure; iron octahe,dra show- a censiderabie
expansion than slu;mnum octahedra of alunite; resulting in gwmg
an . expansion nf ‘sulphiir -tetrahedra. The three equivalent hcnds
from sutphur atom to basal oXygens, S-0{2), has & distance of 1545 A,
while the bond lengtia between the sulphur atmn and the dApical
oxXygen, 0(1}, is 14684, and this hond is considered to be the
‘doubly’ ‘bonded one as pointed out by Wang el al. (1966} in the



Table 4, Bond lengths and angles of refined alunite-type structures.

alunite

goyazite crandallite woodhouseite svanbergite ja'rosite
Kato (197]) Blount (1974) Kato (1577) This study ¢ o0 (ﬁ%’g This study

Tetrahedron P ’ P P, 8 P, S S 5
X-0d) (x1) 1.551A 1.520A 1.4834 1,4884 1.4064 1. 4684
X-0(2) (x3) 1.522 1.543 1.492 1.493 1.477 1.545
Mean . L5%9- 1537 1.490 1.492 1.458 1.526
OR-X-0(2)  10.11°  110.4° 108, 45° 108.17* 109.49° 109, 79°

() -X-0(1) 110,10 108.5 110.45 110,71 109,45 109. 11
Mean ' 110.11 109.5 109, 45 109. 44 109, 47 109. 45

Octahedron Al Al Al Al Al Fe
B-O(2) (x2) 1.907A © 1L93A 1.9394 1.9394 1.9634 2.047A
B-OH(¢ x 4) 1.896 1.888 1.892 1.889 1.864 1.977
Mean , 1,900 1.902 1.908 1.914 1,897 2,012

- Mean O(2)-OH  2.688 2,700 2,709 2.662 2.707 2,844

Mean OH-OH . 2.682 2669 2,674 2,672 2,636 2.795
Mean 2,685 2,685 2,692 2,667 2.672 2,820

Twelve coordinated ion : :

o . ) Se Ca . Ca Sr K K
A0 2,788  Mean 2.748 2.788 2,797 2,801 2,913
A-OH 2,729 Mean 2.674 2,688 2.710 2.871 2,816
Mean 2,750 2,71 2,738 2,754 2,846 2,865
O{1)-0H 2,759 2,798 2.767 2,778 2,964 2,940

S8

811810quUEAS PUE 93ISOIEf JO S2AMONIIS [BISAID DU,
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afunite stricture. The mean bond length of S-O in jarosite is 15264,
while that of alunite is 1.459A. Baur (1970) stated that the bond
lengths between sulphur end oxygen range 142 to 161A with the
mean value of 1.473:&, and that those between phosphorus and
oxygen range 144 to [64A with the mean value of 1537A. The
sulphur tetrahedra in jarosite expand neafiy to maximum, and they
#re comparable in size to thoge of phosphorus tetrahedra ig other
alunite-type structurés (Table 4 znd Fig. 5(a) and (b}).-

- {a}

(b_) :

Fig. 3. Geometry of tetrahedra and octahiedra; {(a) alumite
C (Wang af af. (1965}), (b} jarosife. -
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(€}

* )
. o2

f{f}ig";@. (Codtinued). (c) svar{ﬁergitg.

FEER

The enwnronment of potassmm is presumably\conszdereé as
twelve coordmazeé Six Bxygen nmghbt}rs from six sulphaze groups
afford a ﬁattened acéahedron about each’ potas:.zum of Jarosxte with
a bond length: of 2.913A (28214 in alumte), while: the six OH
neighbors of n-ork “octahedra in the eIengated actaﬁédrai arrange-
ment about each pgatassiom are at the d;stazxces of 28I6A (2871A
in alunite); the K-OH bond lengths in. jarosite are shorter than
those of K~O. This situation is the reverse of the alunite structure,
and the alunite cése is exceptional among the refined: alunite-type
Skructares (Table 4) The apical sulphate oxygen has three OH
neighborg dzstant 294{)& and these three assecxatmns are presumed
to be hyérogen bonds: :

The svanberg:te stmcture can be campared w1th that of woad-
hetseite, The r&piacemen: 0f'Ca in the woodhouseite structure by
St results in. the. svanberg:te structure. Aluminum is coordinated by
O and OH inthe f(}_r‘m‘ of a slightly distorted octahedron. The distance
between aluminum and oxygen is 1:930A ‘which is the same as that
of woodhouseite, The AI-OH bond. length of 18804 is almost the
same as the value of 1892A in- woodhouselte. The OH-OH edge
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distances of the ottahedron is 2816 and 2717 A

A 2 which agrée well
with 2.616 and 2734 in woodhouseits H

O-0H edge distances are
2650 and 26744, corresponding values in woodhouseite are 2545

and 2.7724, respectively. Each aluminum atom has paired internal
angles O-Al-OH 8757° and 9243° and OH-AL-OH 8761° and 9273°.
‘Fhese values compare weil with those of woodhouseite, 87.327, 92.68°,
8747 and 91.33°, respectively {Fig. 3(c)). TR

‘The P, S tetrahedra (F and S are disordered) in the svanbergiis
structure are also similar to those in woodhouseite. The bond lengths
frony P, S to the basal oxygen atems. ate 1._493_5, and’ that to the
apical oxygen is 14884 (Fig. 3¢cy). -0 .

~ The strontitm ion appears to be 12-coordinated, to six O(2) at
2797 A and six OH at 2710A. These values compare well with
those of govazite, 2788 and 2.?295;, respectively. The bond leagth
between the apical oxygen and OH is 2.778A.

‘The principal bond lengths and anglés of six refived alunite-
type. structures inciuding iareé‘.itg a_xia s'varzbergit'e: are’ listed in
Table 4. : ERER R S TS

Among these stractures only jarosite hag Fe acltahed‘m and all
others have Al octahedrs. As already mentioned, jarosite’ bshaves
in an exceptional manner. Comparing the- remaining five structures
the geometry of tetréhedra, octahedra, and .12-coordinated ion sur:
rousnidings seems to be in right order from the view point of crystal
chemistry. ) ' ‘ o

The mean P-O, (F,S)-0 and $-O values by Baur (1970) are 1537,
1505 and 1.473 A, respectively. The refined results, 1.537 (crandallite,
Blount (1974). 1529 (govazite);: 1.492 {(svanbergite}, 1480 (wood-
houseite); 1459 (alinite, Wang ef ol, (1965)) agree with these expected
vialues, The geometry of Al octahedra of these five structures is
similar, The distances between 12-coordinated ions and O(2) and OH
increase with increasing cation radii. As already mentioned, the dis-
tanices between cation and O(2) are longer than those of cation to
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OH except the case of alunite.

Finally, we can state that the alunite-type structure is so flexi-
ble that (1) various jon$ can construct thi§ structure and (2) evén
the same ion c¢an have different geometry to adapt this structure
ag revealed by the jarosite sfructure. This flexibility is the reason

why so many minerals of various composition can crystallize in the
alunite-type structure.
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