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ABSTRACT

Mrdzekite, Bi2Cu3(OH)2Oz@O4)2.2H2O,is described from its second occunence in silicified barite veins from Gademheim

and Reichenbacti, OAen*nA, H"isi, 6.r11*y. It forms blue crystals up to 0.5 mm across that are tabular on {101} and

elongate parallel to t0l0l. The most prominent forms are {012}, {101}, and {103i. Mr6zekite is biaxial negative,2V =

66.045)., ; < v srrong; rhe mean index of refraction r is 1.86-1.87, X lt c = 2i7o, Y lt a = 15", and Z ll b. Electron-microprobe

analyses gave BirOf50.l wt.Vo, CuO 25.4Vo,PbO 0.10Vo,P2O5 15.27o, As2O50,26Vo,!,4O10.25Vo,Hc^O^(calc.) 6.0Vo'total

97.iEo.fiisyietded the empirical formula Bi2.erCu2.e(oH)lesoz.ool@of ,.e5(AsoJo.m(voo)o.ozl>r.se'l'88 H2o' A^reinvesti-

gation of the crystal srructure of mrdzekite wlii peri6rmea riiin!:iin-gte-crystat X-ray data. The space group is P21!n' with

I S.oOS(t), b 63400), c 2t.239(3) A, p tOt.Szit)., v ttg5.8(t) At, z = 9. The structure refinement converged for 2995

observed unique reflections and 194 free parameters at R = 0.050. fhe t2+2lBi3+O4 polyhedra are edge-connected to form Bi2O6

dimen, <Bii)> beng 2.12 A, and 2.41 A for the short and longer bonds. The coordination is completed-b-y four ligands at a

distance berween 2.71 and3.09 A. The Cu atoms have four ligands with <Cu-O> = 1.95 A; two additional ligands have Cu-O

U.t**" 1.6'j--Ji.tiA Th" lengths of rhe hydrogen bond's in the hydroxyl groups are 2.67 L; the water molecules have

Ov...O contacts gleater t}tan or equa'l to 2.98 A. iwo tttitar of the CuOa squares arc comer-connected to rows in [010]; the POo

tetrahedra are tinteO to these rows to form ribbons that are interconnected by the remaining third part of the Cu atoms. The

resulting corrugated sheets parallel to ( I 03) are linked by Bi atoms and hydrogen bonds.

Keluords: mrdzekite, Bi2Cu3(OH)2O2(PO)2.2H2O, crystal morphology, optical properties, chemical composition, X-ray

powder-diffraction pattem, cell parameters, crystal structure.

SoNnraerne

Nous ddcrivons le deuxibme exemple de la mrdzekite, Bi2Cu3(OH)2O2(PO)2'2H1O, d&ouvert dans des veines de baryte

silicifi6es l Gadernheim et Reichenbacl, Odenwald, Hesse, en-Allemagne. Elle se prdsente en cristaux bleus atteignant 0.5 mm,

tabulaires sur {101} et allong6s paralldles n [0101. Les formes les plus importantes sont {012}, {101}, et {191}:fa mr{zekite

estbiaxen6gativ., iV = OO.d(S);, rc v intenie;l;indice der6fraction moyen est entre 1-86 er.l.87,X ltc-27",Y lt a* I5o,et

Z ll b. l*s inalyses i la microsonde 6lectronique ont donn6 Bi2O3 50.l%o (poids),.CuO 25.4Vo, PbO 0.l0%o, P2O5 l5,2Vo'

l i rO, O.ZeUo, y 2O5 0.25Vo, HrO (calcul6) 6.\Vo, toral 97.3Eo. Ces donn6es mbnent h la formule empir ique

nii5iu2.e1OH)'.rror-teor,.er(isofo.orffOq)o.ozl:=r.ee '1.88H2o. 
lo1s -1*n:-t:l6termin6 la structure cristalline de la

mr6zekite sur cristal unique. Le groupe spatial est pzttn, ib.OASOf, b 6.340(1), c 21.239(3) A, p tOt.SZll;", y-l195.8(2) 43,

Z = 4. L'affinement de la structrire 1i 9a paramatres libres, 2995 r6flexions uniques observ6es) a atteint un_ r6sidu ide 0.050.

Les polybdres t2r2lBi3+O4 sont articui6s par partage d'aretes avec des dimdres Bi2O6; <Bi-O> est egald2.72 et 2.41.A pour les

distances courtes et plus longues, resp"ctivement. La coordinence est complet6e par quatre groupes,anioniques -situ6s d une

distance de2.7l d f.OS A. I€s atomes de Cu sont agenc6s avec quatre ligands, avec <Cu-O> = 1.95 A: pour deux.ligands

additionnels, Cu-O est ente2.63 et 2.85 A. Les liaisons hydrogtne des gtoupes hydroxyle ont une longueur de 2.67 A. et les

mol6cules d'eau ont un contact Ow...O supfrieur ou 6ga1di.98 A. Deux tiers des groupes planaires CuOn partagent leurs coins

pour former des rang6es le tong O6 1OtO1. l-es tetrab&es POa sont articulds l-ces rang6es pour former des rubans li6s aux autres

groupes CuOn. Les feuillets oniul6s qui en r6sultent, parallbies l (103), sont 1i6s par les atomes de Bi et les liaisons hydrogbne.
(Traduit Par la R6daction)

Mots-cl6s; mr6zekite, Bi2Cu3(OH)2O2QO,2.2H2O, morphologie, propri6t6s optiques, composition chimique, diffraction X,

maille dldmentaire, structure cristalline.
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INTRoDUCTIoN

Weathering of small segregations of ore in silicified
veins from the Odenwald area, Germany; gave rise to
the formation of numerous secondary minerals. In
1989, a blue bismuth-copper phosphare was found by
Mr. Klaus Petitjean. X-ray and chemical data pertain-
ing to this material did not match that of anv known
mineral, and it proved to be a new mineral. During
contact with the IMA Commission on New Minerals
and Mineral Names, i t  became evident that this
species had been already approved a short time before.
The mineral was named mrdzekite, and the f irsr
descr ip t ion ,  based on  samples  f rom Lub ie tov6 ,
Slovakia. was then in progress (Ridko5il er at. 1992).

We report here on physical, chemical, and struc-
tural data for mrdzekite from the Odenwald area,
Germany. In some respects (optical data, cell para-
meters, space-group symmetry, and crystal structure),
the results differ from those given by Ridko5il el a/.
(1e92).

OCCLRRENCE AND
GsNsnaL AppsaRANcp

The sys tem o f  s i l i c i f ied  bar i te  ve ins  a t
Reichenbach, near Bensheim, Odenwald, Hesse,
Germany, is the largest among a number of similar
silicified veins occurring in the crystalline rocks of the
northwestern Odenwald area. The Reichenbach system
of veins str ikes west-northwest and dips nearly
vertically; its length is abour 5 km, and locally it
reaches a width of more than 10 m. The silicified
barite vein near Gadernheim, which can be regarded

as the eastern continuation ofthe Reichenbach system,
is much smaller (about 100 m in length and up to
4.5 m in width). A more detailed desoiption of these
localities was given by Krause et al. (l9ch). Small iso-
lated grains of ore minerals (galena, chalcopyrite,
tetrahedrite, tennantite, emplectite, and wittichenite)
occur inside the vein material. Weathering of these
primary minerals leads to a great number of secondary
minerals, predominantly phosphates, arsenates, and
vanadates of copper, lead, and bismuth.

A few milligrams of mrdzekite crystals were found
at  Gadernhe im (map coord ina tes  r :  3481300,
h: 5508150, topographic map sheet TK 6218) and at
Re ichenbach (map coord ina tes  r :  3477260,
h :  5508500,  topograph ic  map sheet  TK 6218) .
Associated minerals at Gadernheim are chalcopyrite,
chalcocite, malachite, goethite, pyromorphite, and
beudantite, and at Reichenbach, bismutite, preisin-
gerite, mixite, and reichenbachite. Mrdzekite forms
crusts and spherical aggregates; idiomorphic crystals
(<0 .5  mm) w i th  we l l -deve loped faces  are  ra re .
Physical and chemical data of mrdzekite from
Gadernheim and Reichenbach were found to be identi-
cal and in good agreement with the data given by
Rldkoiil et al. (1992), except for part of rhe oprical
data.

MonpuoloctcAl AND Oprlcal Dlra

Mr6zekite crystals are tabular on {101} and elon-
gate parallel to [010] (Fig. l). In general, the crystal
faces are poorly developed, and measurements with a
two-circle optical goniometer revealed values with
uncertainties of about 0.5 to lo. Parallel to [010], four

Ftc. 1. Morphology of mrfuekite: A) perspective view, B) view parallel to [010].
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pinacoids {h0l} were observed: {101i is the dominant
form, {103} is common and forms small faces, {001i
is rare and generally poorly developed. In addition, all
crystals investigated show a large pinacoid with a rela-
tively high / index. Though it is close to {001 }, the
deviation with respect to the calculated position of
{001} is about 20o, and therefore much greater than
the uncertainty of the measurement. Because of its
poor development, this form cannot be indexed
precisely; the indices may therefore range between
{105} and i107} ;  as an average,  {106}  is  shown.
Oblique to [010], the crystals are usually terminated
by  {012 }  (dominan t ) ,  { 113 }  (m ino r ) ,  and  {010 }
(rare).

The optical data could not be determined in detail,
because the crystals were rapidly attacked by the
immersion liquids, the Cargille oils as well as mix-
tures of phosphorus and CH2lr, with (West solution)
and without sulfur. Therefore, only a mean index of
refraction, between 1.86 and 1.87, is reported. This is
in good agreement with the calculated index of refrac-
tion, 1.87, based on the Gladstone-Dale relationship
(Mandarino 1981). The optic axis angle 2V has been
measured by a straightforward method described in
detail by Medenbach (1985). Subsequent to the orien-
tation with a spindle stage, the crystal was transferred
with its nu direction parallel to the axis of a second
goniometi:r head. Precise measurements of 2V and'
observations of dispersion effects were then possible
in an appropriate immersion liquid with n = ny of the
crystal. Because of the decomposition of mr6zekite in
higher-index liquids, the determinations have been
caried out in methylene iodide and corrected accord-
ing to Snell's law. Strong dispersion was found, with
r 1v 2V,= 63.0(5)' (670 nm), 66.0(5)" (589 nm), and
73.5(5)' (435 nm). The orientation is X A c = 27",
Y /\ a * 15o and Z ll b, with strong horizontal disper-
sion. Pleochroism is very faint in ink-blue colors, and
absorption is X < I < Z. Note that the orientation of
the.optical indicatrix differs markedly from that given
by fudko5il et al. (1992).

CHpvtcar Cowoslrtox

An electron microprobe (CAMECA Camebax,
20 kV, 14 nA) was used for chemical analysis. The fol-
lowing standards were used: Bi2S3 (Bi), mimetite (Pb'
As), AIPO, (P), vanadium metal (V), and SrCuSiaOtq
(Cu). Table 1 gives average results of 14 analyses. No
other elements with atomic numbers greater than 8
were detected. HrO was calculated according to the
ideal formula; the infrared spectrum of a single crys-
tal, recorded with a Bruker FTIR spectrometer, clearly
indicates the existence of both hydroxyl groups and
molecular water. The empirical formula based on
14 oxygen atoms is Bi2.orCu2.er(OH; t.6O2.es[(PO+)r.os
(AsOa)s.62(VOa)e.621y,=r .oo '  1.88H2O or ,  ideal ly ,
B i2Cu3 (OH) 20 z(P O ) 2'2H2O.

TABLE 1. CHEMICAL COMPOSITTON (!v'r.-%) oF
unAzBrrrn, nnou REIcHENBACH, oDENvALD' GERMANY

onstituent

Bi?o3
CUO
Pbo
Pror
Aqor
vro5
HrO (calc.)
total

48.87 - 51.76
24.73 - 25.85
0.04 - 0.20

14.67 - 15.58
0.10 - 0.52
0.06 - 0.42

50.09 51.74
25.44 26.50
0.10

15.16 15.76
0.26
0.25 j
6.00 6.00

97.30 100.00

l :  mm of 14 adYs
2: calculated for lh; idql fomula Bircur(OH),or(Po4)b'2 Hro

X-RaY Dera nNo
Srnucrur,r lNwsrtcanoN

Riotorit et al. (1992) described mr6zekite from
Lubietov6 as monoclinic, w\th a 12.359(6)' b 6.331(4),
c 9.060(4) A, and B 122.71(4)". The crystal structure
was determined and refined in space group C2/m.
Independently, we investigated crystals of this mineral
soecies from Gadernheim, Odenwald, Germany.
Single-crystal Weissenberg film investigations clearly
proved Laue symmetry 2/m, and from extinction rules
the rpac" group P2rln was found. The unit-cell para-
meters were refined from the 20 values of an X-ray
powder-diffraction pattern by least-squares methods

iindexed according to the cell parameters ascertained
from s ingle-crysta l  invest igat ions) :  a 9.065( l ) ,
b 6.340(t), c 2r.239(3) A. B 101.57(-l)". The cell
volume is doubled compared to that of fudko5il et a/.
(1992).

The atomic coordinates of the Bi atoms and parts of
those of the Cu atoms were derived from a Patterson
map. The other atoms (except for the hydrogen atoms)
were found from successive Fourier and difference-
Fourier maps. A subsequent structural reinvestigation
of the type material of mr6zekite from Lubietovd veri-
f ied the results determined on crystals from
Gadernheim within limits of error and proved the
identity of the two mineral species.

The crystal structure of. mrdzekite shows a pro-
nounced pseudosymmetry. fudkosil et al. (1992) gave
the pseudocell and the average structure only. It is
noteworthy that the pseudocell found by the previous
authors shows a C-centering, whereas the true cell has
a primitive Bravais lattice; consequently, the pseudo-
cell has a quarter of the cell volume of the true cell
with respect to translation symmetry. A remark is
n"""ssary regarding the pseudocell given by fudko5il
et al. (1992): the C2lm setting implies an unreduced
cell; the reduced pseudocell has space goup setting
I2lm (the relationships are illustrated in Fig. 2 and
Table 2, respectively). The calculated powder-patterns
for the average and true structures' respectively, show
only very slight differences. Mainly, these are mani-



368 TTIE CANADTAN MINERALOGIST

TABLE 3. CALCULATED AND OBSERVED X-RAY
- POWDERDIFFRACTIONPATTERNOF

MRAZEKITE FROM CADERNHEIM, ODENWALD, CERMANY *

k  I I e  d *  I *  d e  h k  I  I @  d *  I *  d &

2 l 8
4 t  6
2 2  6
i 3  4
I  0  l l
3 0  7
2 3  0
a o  8
0 3  5
l J  )

4 2  0
0 3  6
2 0 1 0
2 3  4
5 0 1
0 0 1 2
5 1  1
0 3  7
1  I  l l
5 1 5
3  l  l t
, r t 2
4 1 6
t 3  7
3 2  7
4 2  4
2 3  8
0 4  0
l l 1 3
0 4 1
3 3  4
S z  3

J J  J

s 0  5
1 0 1 3
5 1 9
4 o t 2
0 2 t 2
6 0  2
2 o 1 4
5 z  t
4 3  6

I
I
0
0
i
i
0
2
2
2
i
0
0
2
0

I
1
1
I
2

3
2
I
2
I
I
2
2
4
4
i
3
2
3

ca

I
I
t
I

t

0
0
I
I
2
2
0
I
0
0
2
2
2
I
0
I
2
2
0
I
2
2
I
0
0

1 99 7.634 tW 1.630
3 48 6.091 a 6.089
2 48 5.4t4 56 5.4A7
4 s3 5.2C2 46 5.t98
| 43 5.150 49 5.146
2  4 f 4 . 8 5 3  5 4 . 8 s 1
3  3 # 4 . 6 7 9  8 4 . 6 7 1
2 30 4.4t6 29 4.4t7
2 22 3.817 2t 3.8t7
o 32 3.637 35 3.637
5 36 3.44t 28 3.440
0 31  3 .170 35  3 .170
|  4 i 3 . r 3 3  6 3 . 1 3 5
6 l t  3 .045 I  ^_  ^  ^ .^
6  Ioo  3 .043 J  

6 t  t 'wz

+ 13 j.$!)n :.oro
0 s n 2.985 l0 2.986
1 70 2.927 76 2.927
2 7 {2.820 tr 2.817
4 20 2.n4 t9 2.773
5 15 2.679 13 2.68r
l  15 2.@r l8 2.@l
2 22 2.575 20 2.574
4  4 # 2 . 5 t 7  7 2 . 5 1 6
6 t7 2.50t 20 2.5W
7 t9 2.455 16 2.454
5 31 2.352 22 2.351
s  3  i 2 . 3 t 7 )  . ,  ^ ^ ^ .
8 18 23021 to z ru l
0 ll 2.220 t2 2.220
L  1  

" n R )s 8 ) .5 i i l  r t  zzoe
7 23  2 .2@) - ,  ^  . ^ -
6  2 4  2 . 1 9 6 1  t t  

" ' t t

+ '? |11,|,0,,*
2  8  2 . t 3 4  u 2 . t 3 4
5 29 2.088 28 2.088
|  4  2 .055 62 .056
5 3  2 .M6 52.045
2  3 # 2 . 0 3 5  5 2 . 0 3 5
8 t2 2.0tr 7 2.0t0

3 1.968 I
16 1.966 [ 15 1.965
t r.eat )
4 #t .943 4 r .944
8 1.931 8 1.931
3 1.914 4 t ,914
2 1.908 4 1.908
8 r .886 I  .^  .  ^^-
a # r .88aJ 'u ' 'oo '

1.E79
1.819
1.805
1.755

1.740

1.733

t.723
t .713

t.699

t.675

1.660

t.639

1.606
1.586

1.580

1.571

t.527

t.523

1.508
t.5&t
1.485
t.478

9 1.878 9
22 1 .819 t7
14 1.805 t4
8  t .754 8
3 1.743 I ^
s r.z+o | 6
7 t.734) _
s t.tzz I 

t

3 t.7n 5
4 t.7t3 4
3 r .7t2)  _
: r.ox| )
9 1.676 7

l0  1 .660 )  . ^
r r.oss J ' '

12 1.639 l  ^
+ r .63s J 

tu

5 r.606 5
E 1.585 7
4 1.582 I
6  # 1 . 5 8 0 [  9
3 # r.s79 |
7 t .5721  ̂
r o  r . s z o J '
l l  l . s 2 8 l  , .
s t .szl I  "

l0 1.523 I
s  r < x l
; ; ' ;;; I re

15 r .521 J
7 1.508 6
8 1.503 6

15 1.485 l0
5 t.478 7

Ftc. 2. Relation between the true cell and the pseudocell of
mrdzekite. a1, by cl true cell, space group.p2, ln; a2, b2,
c2: pseudocell, space group C2/m (xed by fuatoSit ar a7.
1992); a3, b3, ca: reduced pseudocell, space grotp I2/m.

fested in a few additional diffraction lines (Table 3)
of minor intensity, as can clearly be seen in a high-
resolution powder-diffraction pattern. The pseudo-
symmetry of mrazekite is responsible for the large
number of unobserved reflections in the single-crystal
data set used for structure refinements in space gioup
P2/r.

Details of the data collection and structure refine-
ments are compiled in Table 4. Final structural para-
meters and selected interatomic bond-lengths, as well
as bond angles, are given in Table 5 and 6, respec-
tively. For convenience throughout this paper, oxygen
atoms belonging to the POo tetrahedra, hydroxyl
$oups, and water molecules are denoted as O-. O
*o b., respecrivety, *i ;" ;;;;;iil;frr"*
Oo; Q is an unspecified oxygen ligand. The observed
and calculated strucfure-factors are available from the

TABLE 2. CRYSTALLOGRAPHIC DATA OP TrINAZgrrrE'

:-:}9,-ryIdq diffnction pattem ws €lculated wirh prcgm LAZY
PIILVERIX (Yyon et al. 1977) accoding to rent structuie iefinement rn
space grcup P2rlr; only intensities with .td > 3 were onsidercd. The obwed
pattern ws taken with a STOE powder diffnctometer STADI p; CuKo,
ndiation; exteml slandard Si; 0. < 2t < g0".
# diffraction lins not possible in the pseudrel|

TABLE 4. SUMMARY OF CRYSTAL DATA. X.RAY DATA
COLLECTION AND STRUCTURE REFINEMENTS OT VNAZSKTTE'

tne @11 true @11 pseudo-cell
no! rcduced

a = 9.065(1) A
, = 6.340(1) A
c = 21.239Q) A
0 = 101.57(l) '
Y= 1195.8(2)A3
spa€ group P2rl,
X-ny density 5.00 gcmi
P(Mor(q) = 346 cm'l
Ra = 0.083
R = 0.050
n = 0.04+
w = 2.25/Lo(F")12
194 vtriable pammeters
ma A/o < 0.001

speimen from Gademheim, Odenwald, Gemmy
Z = a {BizCur(O}0rOr(POrr.2 HrO}
crystal dimensions: 0.11 x 0.22 x 0.28 mm3
2Bla s(an mode, scan time 0.90 !o 3.60o/min
scan width: 0.84' (increased for o,-o, disperion)
3 standtrd reflrtions mzuured each 120 rnin
maximal variation of intensity J2.3%
mge of data olletion: 5. < 20 < 70"
13318 lotal masured refletions
5066 unique reflstions
2995 refletions for refinements: F" > 3o(F)
absorption conetion according to crystal shape
transmission facion from 0.m6 to 0. 146
prognm SI{ELX-76 (Shelddck 1976)

pseudo-rEll
r€duced

loqlity cadernheim Lubietovd Gademheim Gadmheim

space group Pzrln
4 [A] 9.065(1)
, rfi 6.340(l)
c [A] 2t.239(3)
0 r l  101.57( l )
v tA.l u9s.8(2)
z 4

YZ,ln C2/n
9.065(r) t2.3s4Q)
6.341(1) 6.340(1)
21.238Q) 9.065(l)
l0l.6r(t) 122.63(r)
I r95.8(2) 597.9(l)
4 2

12/m
r0.678(1)
6.340(r)
9.065(l)
103.00(1)
597.9(t)
2

* Cell pammelers refined from powder data; for measuring mnditions
se Table 3.
t rans formai ion  mamx C2/n 'y2Jn:  t00  l ,  0 l  O,  20 l l
f m n s f o r m a t i o n m a t t i x  C 2 l m - A b :  [ 1 0  t ,  0 1 0 ,  0 0 1 j

3 STOE four circle diffnctomeler AED2, Mo tube, gnphite mon@hromator.
Coretions for lrrcntz md polarization effects. Complex neutral alomic
scattering functions 0ntemationat Tables for X-ny Crystallognphy 1974).
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TABLE 5. STRUCTURAL PARAMETERS (E.S.D.'S IN PARENTHESES) FOR MRAZEKITE *
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B-uaUtsUttu3u2un

B(1) neegt
B(2) 0.38662(8)
Cu(l) 0.0
Cu(2) 0.0
Cu(3) 0.3719(3)
Cu(a) 0.7461(2)
P(1) 0.7237(5)
P(2) 0.0284(5)
q(r1)  0.631Q)
q(12) 0.809(l)
q(13) 0.610(2)
q(14) 0.832(l)
o (21) 0.11s(1)
oPQz) -0.056(1)
oP(23) -0.081(1)
oPQ4) 0.r47Q)
o"(l) 0.378(l)
o"(2) 0.372(tt
oo(l) 0.652(l)
orQ) 0.09(1)
o*(1) 0.065(2)
o (2) 0.685(3)

0.2s 135(8) 0.M570(3)
0.1.9971CD 0.20s23(3)
0.0 0.0
0.5 0.0
0.72s1(3) 0.1251(r)
0.4s32(3) 0.2469(t)
0.2688(5) 0.0281(2)
0.2192(s) 0.2226Q)
0.247(2) 0.0803(6)
0.0eQ) 0.0224(6)
0.3r5(2) -0.0345(5)
0.460(2) 0.0417(5)
0.189(2) 0.r690(5)
0.013(1) 0.2299(6)
0.4w(2) 0.2086(6)
0.267(2) 0.2U7(6)
0.02s(l) 0.1200(5)
0.42s(t) 0.1307(5)
0.19s(l) 0.2068(5)
0.254(l) 0.0436(6)
0.769(2) 0.10s0(8)
0.73sQ) 0.1403(8)

0.0185(3) 0.0160(2)
0.0173(3) 0.0161(2)
0.0171(14) 0.0173(11)
0.0174(14) 0.0167(11)
0.0276(9) 0.0134(?
0.0171(10) 0.0188(8)
0.0178(21) 0.0164(16)
0.0181(21) 0.0160(15)
0.s20(7) 0.036(6)
0.026(7) 0.015(5)
0.030(8) 0.033(6)
0.sn6) 0.v22(s)
0.012(6) 0.027(s)
0.020(6) 0.m0(5)
0.922Q) o.w(s)
0.u3(7] 0.032(6)
0.m3(5) 0.018(5)
o.an(s) 0.014(4)
0.v24(6) 0.020(5)
0.018(6) 0.018(5)
0.034(r0) 0.0s2(8)
0.064(15) 0.065(9)

0.0155(2) o.ooo3(l)
0.0147Q) 0.0000(1)
0.0248(14) -0.0016(6)
0.v248(t4) 0.0023(6)
0.0151(7) 0.0000(3)
0.u247(1r) {.0024(4)
0.0166(19) 0.0007(?
0.0147(18) {.0001(7)
0.028(7) 0.002(3)
o.$1a -0.002(3)
0.014(6) -0.006(3)
0.031(6) 0.0m(3)
0.017(5) 4.W2Q)
0.033(6) 0.000(3)
0.039(7) 0.000(3)
0.019(7) 0.m1(2)
0.019(5) 0.004(2)
0.020(5) 0.w2Q)
0.019(5) -0.001(2)
0.u6(6) 0.002(2)
0.026(8) -0.008(3)
0.021(8) -0.012(4)

0.0034(l) 0.m2(1) 1.31
0.0031(l) 0.0000(l) 1.27
0.0037(6) {.0001(4) 1.56
0.0039(6) 0.0007(4) 1.s5
0.0035(3) 0.0002(3) r.49
0.0041(4) 0.0001(3) 1.60
0.0042(8) 0.m04(6) 1.32
0.m42@ 0.0001(6) 1.27
0.007(3) 0.000(2) 2.17
0.006(3) 0.000(2) 2.08
0.004(3) -0.003(2) 2.03
0.005(3) 0.000(2) t.97
0.001(2) 0.000(2) l.5l
0.006(3) -0.w2Q) 1.e5
0.009(3) 0.@2Q) 2.15
0.005(3) -o.o0l(2) 1.92
0.004(2) 0.003(2) 1.59
0.005(2) 0.000(2) 1.45
0.00s(2) 0.0@(2) 1.63
0.003(2) o.w)Q) 1.63
0.004(4) -0.001(3) 2.97
-0.002(4) 0.000(4) 4.os

* Anisotropic displacement paramelers: exp | -2 12 D 1,-, D ]=, U6 af a] \ \ L Bq after Fischer & Tillmanns (1988)

B(r) o.(2) o"(r) op(ll) ob€)
o.(2) 2.10 2.54 2.99 2.98
o.(1) 74.1 2.r2 2.96 3.08
q(ll) 83.5 82.O 2.3t 4.73
oil2) 82.6 8s.8 163.5 2.4)

cu(l) Q(12) oe(12) oh@) o!(2)
q(r2) 1.93 3.86 2.69 2.U
q(12) r80 r.93 2.U 2.69
o!(2) 86.8 93.2 r.98 3.96
or?) 93.2 86.8 180 1.9E

Cu(3) o.(l) o"(2) o,(24) q(13)
o.(1) r.9r 3.82 2.6s 2.W
oJ2) t78.4 r.9r 2.8s 2.66
q@4) 86.0 94.2 r.98 3.96
q(13) 93.7 86.2 180.0 1.98

PO) o,(lr) q(r2) q(13) o,(r4)
oe(11) 1.53 2.50 2.44 2.53
oe(12) llo.o t.s3 2.52 2.s4
oP(13) 105.9 110.8 1.54 2.49
oe(14) 110.7 111.6 107.6 1.55

B(2) O"(r) O"(2) O!(l) Oepl)
q(1) 2.1r 2.54 298 2.97
o"Q) 74.t 2.ll 3.09 3.01
q(1) 82.6 86.1 2.4 4.7'7
q@r) 81.5 82.8 r62.s 2.43

Cu(2) o,(14) q(14) q(2) o!(2)
oP(14) 1.93 3.86 2.74 2.73
q(14) 180 r.93 2.7) 2.'14
orQ) 90.4 89.7 r.94 3.8'7
ob@) 89.7 90.4 180 r.94

Cu(4) Or(22) op(23) Oh(l) o!(1)
oPQz) t.93 3.U 2.U 2.66
oeQ3) 169.9 t.93 2.73 2.TI
ob(l) 94.3 89.4 1.9s 3.91
o!(l) 86.6 90.6 174.9 1.96

PQ) OrQt) OoQ2) OeQ3) OeQ4)
orQD 1.52 2.47 232 2.47
o (21) 108.0 t.54 2.54 2.54
oeQ3) lll.2 lll.4 l.s4 2.51
or?4)t06.7 110.7 108.8 1.56

TABLE 6. INTERATOMIC DISTANCES T,{.' AND BOND ANGLES T' *

Depository of Unpublished data, CISTI, National
Research Council of Canada, Ottawa, Ontario
KlA 0S2.

Cnvsrel Srnuclrns

The two Bi3+ atoms show a f2t2]-coordination; the
ligands are one-sided, arranged as is characteristic for
elements with lone-pair electrons. The coordination
polyhedra could be described as trigonal bipyramids:
two Oo atoms and the lone-pair electrons are in the
equatorial plane, and 06 and Oo atoms are at
the apices; tle average bond-length <Bi-Oo>^, 2.12 A,
is definitely shorter than <Bi-O/OD>, 2.40 A. Owing
to the larger space-requiremeni of the lone-pair
electrons, as compared to the oxygen atoms, the
<Oo-Bi-Oo> angles are reduced to 74", whereas
<Oo-Bi-Oh/Oo> is 83o. The sums of bond valences for
these four nehrest neighbors are 2.79 and 2.72 v.u.
(valence units), respectively [all bond-valence calcula-
tions were made according to Brese & O'Keeffe
(1991)1. Four additional $ ligands are on the side of
the lone-pair electron region, and the corresponding
bond-valences are smaller than 0.16 v.u. In the syn-
thetic compound BirCuOo, the Bi3+ atom has a l2+2)
coordination most similar to that in mr6zekite
[Effenberger (1993); for a previous investigation of
the structure, see Boivin et al. (1976); the structure
model given by Arpe & Mtiller-Buschbaum (1976) is
incorrectl.

additional Bi-O bonds additional Cu-O bonds hydrogen bonds

Bi(t)-o,(rz) 2.77
B(1)-Oe(13) 2.77
B(1)-Oe(14) 2.94
B(l)-oP(13) 3.09
BiQ)-Oel22) 2.71
BiQ)-OeQq 2.n
BiQ)-OeQ3) 293
B(2)-OP@4) 3.04

cu(l)-o"(l) 2.63
cu(l)-o"(l) 2.63
cu(2)-o.(1) 2.77
c\Q)-o.(t) 2.7
cu(3)-o.(l) 2.74
c\(3)-o.Q, 2.n
ct(o-o.Q) 2.73
Cu(a)-o.(2) 2.85

oh(l)...oe(ll) 2.68
obQ)...orQD 2.67
o"(l)...o > 2.98
o"Q)...o > 3.21

* E.s.d.'s for bonds md mgls m 0.01 A for Bi-O, Cu-@, md P-4, 0.02
A for 0-@, 0.4' for @*Bi-O md @-Cu-@, md 0.6' for O,-P-O,.
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Two of the four crystallographically different
copper atoms have site symmetry T, and that of the
others is 1. Considering the nearest-neighbor environ-
ment, all Cu atoms show the common souare coordi-
nation; the ligands are two hydroxyl groups and two
oxo-oxygen atoms. The f{u-$ bond angles deviate
less than 5o from rectangularity. The coordination
figure of each of the four Cu atoms is completed by
two additional O* ligands to a tetragonal dipyrami{;
because the Cu-O* distances are larger thmr 2.64 A,
only weak chemical interactions are assumed (bond
valences 0.08 to 0.04 v.u.).

The POa groups have the usual dimensions. The Oo
atoms are [2]-coordinated to P and Bi or P and Cu
(short Bi-Q and short Cu-Q bonds). The angles
P-Oe-Bi  (113.7 'and 116.6 ' )  are smal ler  than
P-Oo-Cu (L23.2" to 133.9'); the former act as the

acceptor atoms of the hydrogen bonds from
the hydroxyl groups Oh...Oo, and the latter are the
additional ligands at the Bi dtoms. The Oo atoms are
approximately planar coordinated by two Bi atoms
and by one Cu atom. The 06 atoms are in a trigonal
pyramidal arrangement, attachedto two Cu and one Bi
atom; the mean angles at the 06 atoms are 115o.
Atoms that most probably act as the acceptor atoms of
the hydrogen bonds complete the coordination around
the 06 atoms to an approximate tetrahedron. The
hydrogen-bond lengths Oh(l)...O(1 1) and On(2)...
O(21) are 2.68(2) A and2.67(2) A, respectively (other
O"-0 distances less than 3.2 A are edges in either a
rziztfiqo or afalcuO+ polyhedron). TtrJo* atoms are
the distant ligands in three 1a+zJCuQo polyhedra, aver-
age <Cu-O*-Cu> angles are 89o; owing to their low
bonding interaction to these cations, they have to be

mffi]A
Ftc. 3. hojection of the crystal structure of mrdzekite on (010). The connection of the

coordination polyhedra around the Cu atoms (dotted) and of the PO, tetrahedra
(hatched) to sheets parallel (103-) is shown. In the lower righrhand comer, the addi-
tional Cu-O, bonds are considered to form tetragonal dipyrarnids ta2lcuQe. The Bi
atoms are given only in the upper left-hand comer.
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Fro.4. Projection ofone ofthe sheets ofmrdzekite on (103). The connection ofthe coordination polyhedra axound Cu atoms
(dotted) and PO4 tetahedra (hatched) to a two-dimensional net is shown. To the right, the additional Cu-O, bonds are con-

sidered to form tetragonal dipyramids (t4*2lCuQo).

assumed to belong to the water molecules. The
scheme of hydrogen bonding of the O* atoms is not
clear: the shortest contacts (no O*-Q edges in the
ta+2lcuQ6 polyhedron) to any Q atoms are greater or
equal to 2.98(2) A, as is characteristic for "free"
O*...Q dipoles. As expected for such a water molecule,
its displacement parameters are large.

The atomic arrangement of mr6zekite (Fig. 3) is
characterlzed by edge connection of BiQ, polyhedra to
form BirQo dimers and by two crystallographically dif-
ferent Cu2(Oo)a(O6)2 rows parallel [010], formed by
corner connection of Cu(1)Qa and Cu(2)Qa squares on
the one hand, and of Cu(4)Q, squares on the other. The
POo tetrahedra are linked via comers to these rows
forming Cu2(O6)2(PO/2 ribbons. Cu(3)Q+ squares
have two different corners in common with POo tetra-
hedra of neighboring rows (Fig. 4), resulting in layers
parallel (103) that are responsible for the good cleav-
age of mrdzekite. Consideration of the additional
Cu-O* bonds leads to a two-dimensional net formed
solely by connecting the t4*2lCu0o polyhedra.
Hydrogen bonds and Bi atoms link the copper-
phosphate sheets to a three-dimensional framework.

The coordination figures around atoms related by
pseudosymmetry are similar to each other. Figures 3

firill-i-i-iir
+-
n0I

and 4 illustrate the error if only the pseudocell instead
of the true P2tln cell is chosen for description of the
atomic arrangement of mr6zekite: the rows
Cu(1 )Cu(2)Oz@Oa)2 and Cu(4)2O2GOa)2 of P2 y'n arc
identical by translation symmetry in the pseudocell.
The refinement in the pseudocell caused the la^rge
residual electron-density (from -7.82 to +5.95 eA4)
and the large displacement parameters observed by
RiatoSit et al. (1992). Obviousty, crystal-chemical
reasons cause the larger cell: in the average structure,
one of the Cu-Oo bond lengths is 1.85(2) A, which
seems to be one of the reasons necessitating violation
of the small cell.
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