809

The Canadian Mineralogist
Vol. 38, pp. 809-816 (2000)

JUABITE, CaCu 10(Te**03)4(AsO 4)a(OH)»(H20)4: CRYSTAL STRUCTURE
AND REVISION OF THE CHEMICAL FORMULA

PETER C. BURNS

Department of Civil Engineering and Geological Sciences, University of Notre Dame,
156 Fitzpatrick Hall, Notre Dame, Indiana 46556-0767, U.S.A.

CHRISTINE M. CLARK

Department of Geological Sciences, University of Manitoba, Winnipeg, Manitoba R3T 2N2, Canada

ROBERT A. GAULT

Research Division, Canadian Museum of Nature, P.O. Box 3443, Station “D”, Ottawa, Ontario K1P 6P4, Canada
ABSTRACT

The crystal structure of juabite, Ca@I€**03)4(AsOs)4(OH)x(H20),, triclinic, a 8.9903(7)b 10.1197(8)¢ 8.9959(7) Ax
102.654(1)B 92.432(1);y 70.432(19, V 752.0(2) &, space groufl, Z= 1, has been solved by direct methods and refined by
least-squares techniques on the bagi &dr 3358 unique reflections collected for a microcrystal using graphite-monochromated
MoKa X-radiation and a CCD area detector. The agreement iRdgxvas 7.3%, calculated for 2288 unique obserfegl4or]
reflections, and the goodness-of-8 (vas 1.03. The structure determination has shown that the formula originally proposed for
juabite is incorrect with regards to the oxidation state of Te, as well as the absence of Ca. The structure contains @& uniqu
positions that are each in square pyramidal coordination. The two symmetrically distincafians are in the usual one-sided
coordination owing to the presence of a lone pair of electrons on the cation; there are thre¢"st@dreds with lengths
~1.9 A in each polyhedron, as well as two or three longer bonds. The structure contains two uMiquaticks that are
tetrahedrally coordinated by?Qanions, and one Ca position that is octahedrally coordinatedtanins. Juabite possesses a
layered heteropolyhedral framework structure; layers parallel to (010) are weakly bonded in the [010] direction, resulting in a
perfect {010} cleavage. Each layer contains all of the cation polyhedra of the structure, and involves two symmetriazaly identi
sheets that contain four of the@square pyramidstf; 0%, (OH)", H,O], both Té*$,, polyhedra, and both As@etrahedra. The
sheets are parallel to (010), and chains of edge-sharingdctahedra and @y square pyramids extending parallel to [001] are
sandwiched between adjacent symmetrically identical sheets, such that all anions contained within the chains are also linked to
the sheets on either side, resulting in the heteropolyhedral layers.

Keywords juabite, crystal structure, copper oxysalt, tellurite, arsenate.
SOMMAIRE

Nous avons résolu la structure cristalline de la juabite, GERAT03)4(AsOs)4(OH)2(H20)s, triclinique, a 8.9903(7),b
10.1197(8) ¢ 8.9959(7) A« 102.654(1)B 92.432(1),y 70.432(19, V 752.0(2) R, groupe spatiaPl, Z= 1, par méthodes
directes, et nous avons l'avons affiné par moindres carrés en utilisant les Falgous 3358 réflexions uniques prélevées sur
un microcristal avec rayonnement Kt®, monochromatisation au graphite, et un détecteur a aire de type CCD. Le Rd$idu (
atteint est de 7.3%, calculé pour 2288 réflexions uniques obsefvéedd], et le facteur de concordanc® est de 1.03.
L’ébauche de la structure montre que la formule proposée antérieurement pour la juabite n'est pas correcte par rapport a la
valence du Te et & 'absence de Ca. La structure contient cing positions distinctes occupéed'pdates@haque cas situé dans
une pyramide carrée. Les deux cations distincts d&fdat preuve d’une coordinence asymmeétrique a cause de la présence
d'une paire d’électrons isolés. Il y a trois liaisoné*F® courtes (~1.9 A) dans chaque polyédre, de méme que deux ou trois
liaisons plus longues. La structure contient deux catioRsdistincts en coordinence tétraédrique avec des anidnetine
position occupée par le Ca en coordinence octaédrique avec des anidresj@abite posséde une trame hétéropolyédrique en
couches paralléles a (010). Celles-ci sont faiblement liées dans la direction [010], expliquant ainsi le clivage {010} parfait.
Chaque couche contient tous les polyédres de la structure, et implique deux feuillets symétriquement identiques corgenant quatr
des pyramides carrées @&u[db: 0%, (OH), H,0], les deux polyédres T, et les deux tétraédres AsQes feuillets sont
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810 THE CANADIAN MINERALOGIST
paralleles a (010), et les chaines d’'octaedres; @adétes partagées et les pyramides carrés dlignées paralléles a [001]
sont interposées entre feuillets adjacents symétriquement identiques; tous les anions faisant partie des chaines sont également
rattachées aux feuillets de chaque c6té, et définissent ainsi les couches hétéropolyédriques.
(Traduit par la Rédaction)

Mots-clés juabite, structure cristalline, oxysel de cuivre, tellurite, arsenate.

INTRODUCTION application of CCD detectors to the analysis of mineral
structures.
Juabite was described by Robetsl. (1997) from The data were collected using monochromatic

the Centennial Eureka mine, Juab County, Utah. OnlyMoKa X-radiation and framewidths of 0.% o, with
few microcrystals have been found on a single spedi60 s used to acquire each frame, resulting in a scan-
men taken from the mine dumps. Details about thrate of 0.12 per minute. The slow scan-speed and long
specimen and associated minerals are given by Robentsint-time per frame were essential to obtain appropri-
et al. (1997), who provided the formula €Tie®*O,), ate counting statistics, owing to the small size of the
(As>*04)2*3H,0 for juabite, on the basis of a chemicatrystal. A complete sphere of three-dimensional data
analysis done using an electron microprobe. The oxidaas collected, and the data were analyzed to locate
tion state of the Te was assumed to be 6+ because godaks for the determination of the unit-cell dimensions
tellurate minerals had previously been found at the I¢Fable 1). These were refined with 3207 reflections us-
cality. ing least-squares techniques. Data were collected for 3
A structure determination would have provided use= 20 < 56.6 in approximately 103 hours; the intensities
ful constraints on the composition of juabite, but at thef equivalent reflections collected at various times
time the mineral was first described, it was impossiblaroughout the data collection showed no significant
to obtain useful X-ray counting statistics because tlecay. The three-dimensional data were reduced using
available crystals are too small (Robestsal. 1997). the Bruker program SAINT. A semi-empirical absorp-
However, the recent introduction of CCD-based detetion-correction based upon the intensities of equivalent
tors of X-rays has made it possible to successfully deeflections was applied using the program SADABS (G.
termine the structure of crystals that are as much asSimeldrick, unpublished), and the data were corrected for
order of magnitude smaller in all dimensions than wdsorentz, polarization, and background effects. A total
possible with a conventional scintillation detectoof 7615 intensities was measured; there were 3358
mounted on a serial diffractometer (Burns 1998). Winique reflectionsRint = 5.9% after absorption correc-
have used a CCD-based detector mounted on a thréen) with 2288 classed as observéd £ 4og).
circle diffractometer to collect data for one of the crys-
tals that was originally studied by Robegtsal. (1997), Chemical analysis
and have determined the details of the structure. The
results are presented herein. This study has resulted inThe determination of the crystal structure reported

revision of the chemical formula for juabite. herein indicated that juabite contains additional cations
that were not reported in the original description of
EXPERIMENTAL Robertset al. (1997) (see below). Therefore, a single

crystal of juabite, from the same specimen as the crystal
X-ray diffraction used for the collection of the X-ray-diffraction data, was

Robertset al. (1997) obtained precession photo-

graphs of two small crystals of juabite, and reported that TABLE 1. MISCELLANEOUS INFORMATION FOR

. . JUABITE
attempts to collect data for a structure determination :

: . : : a(A) 8.9903(7) Crystal size (mm)  0.04x0.04
using a conventional single-crystal diffractometer were i) 10.1197(8) 0,004
unsuccessful owing to the small size of the crystals. We ¢ 8.9959(7) Total Int. 7615
collected data for each of those crystals using a CCD- & (<)) 122452?8) Onigue et o
based detector system, and report the results for the best . 70.432(1) Unique 240, 2288
refinement (the refinement obtained for the other crys- 7 (&) 7520(2) Final R 7%
tal was similar although slightly inferior). The crystal Space group - P s '

. . . F(000) 932
for which results are reported has dimensions x04 Lm) 154
0.04 X 0.004 mm. The crystal was mounted on a Bruker b, 4.50 glom’*
PLATFORM goniometer equipped with a 1K SMART RU=Z(FFYEIF)
8 = [Ew(|F-F )"/ (m-n)]*, for m observations and n paramcters

CCD (charg(_a-coupled device) detector with acrystal- 1[CaC(Te" O ASO ) OE(ILO),
to-detector distance of 5 cm. Burns (1998) discussed the -
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mounted, polished, and coated with carbon. Chemidhle space grouBl, which was verified by the success-
analysis was done in wavelength-dispersion (WD) model solution of the structure by direct methods. Refine-
on a JEOL 733 electron microprobe using Tracor Nortiment of the structure was done on the basks éér all

ern 5500 and 5600 automation. Data reduction was dad@58 unique reflections. Refinement of the positional
with a conventional PAP routine. The operating voltagearameters of all atoms, and allowing for isotropic
was 15 kV, and the beam current wasuZQ A beam atomic-displacement, gave a model with an agreement
10 pm in diameter was employed. Data for all elemeniadex R1) of 11.4%. Conversion of the Te, As, Cu and
in the sample were collected for 25 s or 0.50% predGa displacement parameters to an anisotropic form, to-
sion, whichever was attained first. The elements Pb, §ether with the inclusion of a weighting scheme of the
and K were sought in WD scans, but were not detectesdructure factors, provided a final model withRih of
Standards used for the electron-microprobe analysis3%, calculated for the 2288 observed reflectidis (
were: synthetic Fe®s(OH) (TeLw), cuprite (CKKa), = 4of), and a goodness-of-fi§( of 1.03. A model with
mimetite (Ad.«), synthetic CaT#11 (CaKa), and syn- anisotropic-displacement parameters for the O atoms
thetic mackayite (F€x). The proportion of D was was tried, but the parameters were found to be unstable.
calculated by stoichiometry from the results of the cry$n the final cycle of refinement, the average parameter
tal-structure analysis. The results of the analysis aghift/esd was 0.000, and the maximum peaks in the fi-
Te(O, 29.99, AsOs 23.17, CuO 38.51, CaO 2.52, FeOnal difference-Fourier maps were 4.23 and —2/R8,

0.26 and HO 4.39, total 98.84 wt.%. The empirical for-respectively.

mula based on 34 atoms of oxygen is:o(§8).07)s0.99 The structure refinement converged to a fiRlathat
CUo 04 T€"0.0603)4(AS1.0404)4(OH)2(H20)4, or, ideally, is higher than is typical for oxysalts of similar composi-
CaCuy(Te**03)4(AsO4)4(OH),(H20)a4. tion. Also, the anisotropic-displacement parameters for
the cations display features that are indicative of imper-
STRUCTURE SOLUTION AND REFINEMENT fections in the data. Only two crystals of juabite were

available for study, and each is very small. Improve-

Scattering curves for neutral atoms, together witiments over the current structural model are only likely
anomalous dispersion corrections, were taken frem to be realized if additional, superior crystals are located.

ternational Tables for X-Ray Crystallography, Vol. IVThe study provides the full structural connectivity of
(Ibers & Hamilton 1974). The Bruker SHELXTL Ver- juabite, as well as a corrected formula. The structure
sion 5.1 system of programs was used for the deterrdietermination has also demonstrated that juabite is a
nation and refinement of the crystal structure. tellurite, as opposed to a tellurate as indicated by Roberts
Assigning phases to a set of normalized structuret al. (1997), and revealed an additional atom in the
factors gave a mean valug?— 1 | of 0.93, suggesting structure that was shown to be Ca by results of our
chemical analysis. Thus, although the structure refine-

ment exhibits imperfections owing to the nature of the

TABLE 2. ATOMIC PARAMETERS FOR JUABITE material available for study, considerable insight into

both the structure and chemical composition of juabite

x y z *U, o

. y ; Eypon has resulted from the structure determination.
E‘;‘m ,o_wfg(l) 079932)  0.0021(2) 11725)) The final atomic parameters are given in Table 2,
Cu@  02967(2) 08412(2) -0.4883(2) 104(4) anisotropic-displacement parameters are in Table 3, se-
?“8; gégi;gg g;ggg; gg;ggg i‘z‘ggg lected interatomic-distances and angles are given in
Ul B B -U. T R .
Cu5)  -0.0734(2) 0.7991(3) 0.3909(2) 154(5) Table 4, and a bond-valence analysis is presented in
Te(l)  04568(1)  0.8379(1) -0.1518(1) [14(3) Table 5. Calculated and observed structure-factors are
oD Coser Oroe oy 9k available from the Depository of Unpublished Data,
A?)  05743(2)  0.7899(2) -D7274(2) 82(4) CISTI, National Research Council, Ottawa, Ontario
o) -0.066(1)  0.798(1) 0.178(1)  167(26) K1A 0S2, Canada.
0(2) -0.003(1)  0.814(1)  -0.095(1) 175(27)
0(3) 0.185(1)  0.866(1)  -0.290(1)  145(25)
o(4) 0.121(1)  0.840(1)  0.388(1)  176(27)
[0)¢] -0.328(1) 0.835(1) -0.163(1) 103(23)
OEG; -0.091(1) 0.820(1) 0.388(1) 122(24) TABLE 3. ANISOTROPIC-DISPLACEMENT PARAMETERS FOR JUABITE
o(7) 0.469(1)  0.848(1)  -0.364(1)  192(27) U, U., U, U, U, U,
8@%8) 83328; 822283 82238; iﬁiéié’i Ca  46335) 188(28)  59(22)  -$32Y)  -50019)  18(17)
o(10) 0>607(1) 0'842(1) -0‘883(1) 95(23) Cu(1) 85(10)  258(13)  29(9) -74(9) S32(7) 55(8)
oL 0601(1)  0614(1)  0.773(1) 131Q4) Cu2) 7I9)  222(12)  450) 63(8)  -44(7)  65(8)
(2) 0.265(2 0'554(2) 0'107(2) 381(38) Cu(3) 124(10) 202(12)  93(10) 25(9) 36(8)  72(8)
ou 0'163(1) 0594(1)  0336(1)  197(28) Cu(4) 66(10)  323(13)  31(9) -95(9) 3D 6609)
o0 e ) (1 05931y 142(25 Cu(3) 95(10)  340(14)  60(9) -104(10)  SS18)  73(9)
o0 b0%9) 0‘818(2) -0‘35( (2) 439(42) Te(l)  995) 216(6) 56(5) -81(5) 27(4)  47(4)
HO(19) - 00392) - 0.5522) ' ’(2) 527(48) Te(2) 162(6)  358(8) 108(6) -121(6) 37(5) 86(5)
HO(I6) -0.1312)  0.5582)  -0057(2) 52 As(l)  56(8) 220(10)  31(7) -60(7) 40(6)  46(6)
o(17) 0.490(1)  0.645(1)  -0.177(1)  169(26) a6 1759) L8507 a6 e 9w

U= Uy A X 10* U=, A 10
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TABLE 4. SELECTED INTERATOMIC DISTANCES (A) FOR JUABITE

DESCRIPTIONOF THE STRUCTURE

Te(1}:0(17) 1.83(1) Te(2)-0(12) 1.80(2) Cation coordination
Te(1)-O(5)a 1.93(1) Te(2)-0(1) 1.92(1)
Te(1)-0(7) 1.94(1) Te(2)-0(4) 1.95(1) . . L
;lr‘e(i ;88()1 N ;g; ;; ﬁf;gg;b 323;) The structure contains two symmetrically distinct Te

)~ Z. el )- 2.86( oy . .

Tiﬁu.o“mc 3.04(1) Te(2) 4> 223 positions; both the polyhedron geometries (Fig. 1) and
<¥e$};-$> 19 <Te2)-baon> 189 the bond-valence sums (Table 5) are consistent with
<Te( )by : . .. . .

) each site containing T& The Té* cation contains a
Cu(1)-0(5) 1.90(1) Cu(2)-0(7) 1.89(1) i i i isti -Qj
o Lo o oot lone pair Qf electrons, resulting in a distinctly one-sided
Cu(1)-0(10)d 1.99(1) Cu(2}-0(9) 1.99(1) coordination. Both the Te(1) and Te(2) polyhedra are
Cu(1)-0(2) 2.00(1) Cu(2)-0(3) 2.01(1) H H f
s 260 Cu2rOm8) o coordinated or!Iy by & anions, and |_nvolve three short
“Cu(t)-d> 201 <Cul2)-p> 201 Te—0 bonds with lengths of ~1.9 A; in each polyhedron,
CuthON) Lo6(h) o Lol the_three tightly bonded anions occur on one side of the
Cu(3)-O11(8) 196(1) Cu#)10(7) 1.94(1) cation. Both Te polyhedra also include weak bonds to
Cu(3)-0(13) 1.96(1) Cu(4)-O(6)a 1.95(1) f ; H
aro e Lost) ool Yoe(h) anions on the same side of the cation as the electron
Cu(3}-0(17) 2351 Cu(4)-0(9) 24701) lone-pair; the Te(1) cation is weakly bonded to three
“CuBre> 204 “Cutd-b> 209 anions, whereas the Te(2) cation is only weakly bonded
Cu(5)-0(1) 1.92(1) Ca-O(12)g 2272) x2 to two anions. Similar coordination geometries about
Cu(5)-O(4) 1.93(1) Ca-O(17),g 237(1) x2 4+ H
Cu(5)}-0(14)d 1.96(1) Ca-O(11)ED 24y 0 Te_ have bet_en observed in several structueeg, (
Cu(5)-0(6)b 196(1) “Ca-p> 2.35 Grice 1989, Fischest al. 1975, Galyet al. 1975).

e by The structure contains five symmetrically distinct Cu
positions, and consideration of the polyhedron geom-
As(1)-0(2) 1.67(1) As(2)-0(10) 1.67(1) tri Table 4 d bond I Table 5) indi
As(1)-0(13) 168(1) As(2)-0(11) 167(1) etries (Table )an ond-valence sums (Ta e ) Inai-
AS(1}-003) L6 ASQYOl1) 168 cates that the Cu is present ag'CEach C#&* cation is
o] o o L coordinated by five anions arranged at the comers of a
square pyramid, such that each polyhedron contains four
a=x!l,y,zb=xyz+tLe=1-x2-y,-l-zd=x-lyz+le=xy, Cu_d) [d) OZ_! (OH)_1 HZO] bond Iengths Of ~195 A
z Lf=l-xi-y-l-zg=l-x1y = that form the base of the square pyramid, and one apical
ligand at ~2.3 A. It is well known that €uoccurs in a
variety of coordination polyhedra in minerals, and that
geometries transitional between common coordination
polyhedra also are observed (Burns & Hawthorne 1996).
However, in the case of juabite, eaci?Coolyhedron
may unambiguously be classified as a square pyramid,
owing to the absence of a second apical ligand that
TABLE 5. BOND-VALENCE* ANALYSIS (vi) FOR JUABITE
Te(l) Te) Cu(l) Cu@) Cu@) Cu@ Cu5) As(l) As(2) Ca H(1) H@2) HE) HE@) HE) T
) 117 055 052 h 204
0Q) 018 042 1.30 1.90
00) 0.16 0.41 1.23 : 1.80
o) 1.08 0.55 0.51 2.14
0(5) 114 0.55 0.54 2.23
016) 048 047 120 2.15
0(7) L1 0.57 0.49 2.17
OH(8) 021 0472 1.0 2.15
0Q) 0.09 043 0.12 1.20 1.84
o(10) 013 0.43 1.30 1.92
0.06
o 0.44 130 029 2.03
0(12) 1.61 0.44 0.1 215
o(13) 0.47 1.27 0.2 1.94
o(14) 047 047 127 221
H,0(15) 0.18 08 08 02 1.98
H,0(16) 0.21 02 08 09 211
o7 149 0.16 034 1.99
b 409 413 216 217 201 210 215 500 507 214 10 10 10 10 L0

*Bond-valence paramctcrﬂsﬁfgomr Brese & C;;Keef fe (1991)
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Fic. 1. The coordination polyhedra about*Tin the structure of juabite. Short (< 2.0 A) and long (> 2.5 A) bonds are shown
by solid and broken lines, respectively.

would indicate either a (4+2)-distorted or (4+1+1)-diseroprobe, is CaCu(Te**03)4(AsO4)4(OH)2(H20)a,
torted octahedral coordination. Eby & Hawthorn&=1.

(1993) noted that the square bipyramid is the most com-

mon five-coordinated Gt polyhedron, although trian- Structure connectivity

gular bipyramids also occur in several structures.

The Cups polyhedra contain a variety of ligands. The  Projection of the structure along [001] demonstrates
Cu(4) cation is coordinated by?Oanions only, the that juabite possesses a heteropolyhedral framework
Cu(2) cation is bonded to four?Ganions arranged at structure (Fig. 2). However, the structure has a distinct
the base of the square pyramid as well as a{@iguLp layering parallel to (010), and adjacent layers are weakly
at the apex, the Cu(3) cation is coordinated by thfee bonded in the [010] direction, resulting in a perfect
anions and two (OH)groups, with one (OH)group at {010} cleavage (Robertst al. 1997). An isolated (010)
the apex of the square pyramid, and both the Cu(1) alager of the structure is shown in Figure 3a; these layers
Cu(5) cations are coordinated by foui-@nions and a are linked into the framework structwé apical an-
H,0 group, with the KO group located at the apex ofions of the Ctps square pyramids and by long*t-eO
the square pyramid in each case. bonds (Fig. 2).

The two symmetrically distinct As positions are each Each individual layer is composed of all of the cation
coordinated by four O atoms in a tetrahedral arrangpelyhedra that are contained in the structure (Fig. 3), and
ment. The <As(1)-O> and <As(2)-O> bond-lengths aiavolves two symmetrically equivalent heteropolyhedral
both 1.68 A, which is in good agreement with the valusheets that are parallel to (010) (Fig. 3b), as well as
of 1.69 A expected from the sums of effective ion radihains of edge-sharing polyhedra that are parallel to
for MAs®* andB10%~ (Shannon 1976). [001] (Fig. 3c). Consider first the sheets of polyhedra

The structure contains a single Ca site that is octal{&ig. 3b). Each contains the Cugt) Cu(2}bs, Cu(4)bs,
drally coordinated by & anions, with a <Ca—O> bond- and Cu(5$s square pyramids, both Te@olyhedra, and
length of 2.35 A. The mean bond-length is in gootloth AsQ tetrahedra. The Cu(d} and Cu(5ps square
agreement with the expected value of 2.36 A from thgyramids share basal edges to form a dimer with com-
sum of effective ionic radii foflCa and30?- (Shan- position Cudsg, with the apical ligands of adjacent pyra-
non 1976). However, site-occupancy refinement for thraids pointing in opposite directions. The bpdimers
Ca site provided an occupancy factor of 1.20(2), indshare four corners with @y square pyramids; two are
cating partial incorporation of a heavier cation at the sit€u(1)ps, and two are Cu(2). Each of the Cu(#)s and
The chemical composition of a crystal from the sam@u(2)bs square pyramids shat@ns corners with two
specimen indicates that it contains 0.26 wt% FeO; it symmetrically distinct Cubg dimers, resulting in an
possible that minor amounts of¥elso occur at the open sheet of Ghs square pyramids, with the Chi—

Ca site. apical bonds of the pyramids directed approximately
perpendicular to the sheets. The Agétrahedra are
Formula for juabite located within the sheet of @y square pyramids, and

share three corners with Gupolyhedra, with the fourth
The structure determination has shown the formutetrahedrally coordinated ligand directed roughly
provided by Robertst al. (1997) to be incorrect in the perpendicular to the sheet. The result is a sheet that con-
assumption that juabite contains®Teand also in the tains large openings; these are the locations of the
omission of essential Ca. The formula derived from tHEe**O,, polyhedra, which are arranged such that the lone
structure determination, and confirmed by results off@airs of electrons are directed into the openings
new chemical analysis of juabite using an electron miFig. 3b).
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Fic. 2. The structure of juabite projected along [001]. Thé4{square pyramids are
shaded with a herring-bone pattern, the At€rahedra are shaded with crosses, the
CaQ; octahedra are shaded with broken parallel lines, the cegions are shown as
circles shaded with parallel lines, and O atoms are shown as open circles.

The chains of polyhedra that are sandwiched b#&rs on the basis of anion—-anion separations. The H
tween the heteropolyhedral layers are shown imonds donated by the,8(15) group are most likely
Figure 3c. Each chain contains Gadd Cu(3ps poly- accepted by O(13) and,8(16), located 2.69 and 2.71
hedra. The Cu(@s square pyramids share basal OH(8)A away, respectively, with a O(13)-8(15)-H0(16)
OH(8) edges to form dimers of composition,gl The angle of 92. The HO(16) group donates H bonds that
CaQ; octahedra are linked to the dimers of Ci3) are accepted by O(12) and®{15), with separations of
square pyramids by edge-sharing, such that the shage@d2 and 2.71 A, respectively, and a O(12)0H6)—
edge is a basal-apical edge of the square pyramid. H,O(15) angle of 84 Thus, each kD group is in an

The linkage between the sheets and chains of popproximately tetrahedral coordination, as is common
hedra is assured by apical ligands ofhgaquare pyra- for H,O groups in mineral structures (Hawthorne 1992),
mids and AsQtetrahedra, as well as“eO bonds (Fig. with a bond to a Cii cation, the donation of two H
3a). Note that every anion contained within théonds, and the acceptance of one H bond.
heteropolyhedral chain is shared with the sheets on ei- The OH(8) anion also has the potential to donate a H

ther side. bond, but inspection of the structure failed to reveal a
suitable acceptor anion. All anions that are less than 3
Hydrogen bonding A from the donor anion are contained within the same

polyhedron as the donor, and it is unlikely that a H bond
The HO(15) and HO(16) groups each donate twowill occur along the edge of a $lsquare pyramid.
H bonds, and it is possible to identify the likely accep-
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Fic. 3. Portions of the structure of juabite. (a) The heteropolyhedral layer. (b) The heteropolyhedral sheet, two of which com-
bine to form the heteropolyhedral layer. (c) The chain ef{&gquare pyramids and Cg6ctahedra that is located between
the heteropolyhedral sheets within the heteropolyhedral layer. Legend as in Figure 2.
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