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ABSTRACT

Kipushite occurs in the oxidation zone of the deposit of
Kipushi, southern Shaba, Zaire, in association with other
secondary minerals of Cu, Zn and Pb. It appears as
aggregates of subparallel plisms or, rarely, as isolated { I I 1 }
prisms elongated along [101], emerald green in color, trans-
parent to translucent, optics : biaxial (-), 2V = 23" (calc,),
a 1.693(2), P 1.738(2) afi 7 l.74AQ). It is monocolinic
P21/c, with a 12.197Q), b 9.156Q), c 10.667(2) A, I
96.77{2)', Z:4, density 3.904 (catc.) and 3.80 (meas.)
g/cm'. The stlongest six reflections in the X-ray powder
pattern [d in A0)(r&0] are 4.03(100)(3oo,r21)!2.ss4(90)
(r32), 2.97 0(60)(32 1, l 30), 1.53 I (60bX723, I 36,03 6,060),
12.2(50X100) and 3.386(50)(122,221,311). An electron-
microprobe analysis gave CuO 43.0, ZnO 24,4, P 20 5 20.9,
H2O (by thermogravimetry) ll.l, total 99.490, yielding the
formula 6[(Cu,Zn)O].PzOs.AHzO. The'Cu:Zn ratio is
equal to 1.8:1,0 (mean value); it ranges from l.l to 2.6.
The crystal structure was determined by X-ray diffraction
(R = 0.05 for 1252 reflections). It consists of two
sheets containing octahedra and tetrahedra in
[(Cu,Zn)5(OH)5(H2O)PO4]2+ units and one sheet of tetra-
hedra [Zn(OH)POa]'-. The sheets are connected by shared
apical oxygen atoms of POa and ZnO3(OH) tetrahedra
and by hydrogen bonds. The structural formula is
(Cu,Zn)5Zn(OH)6(H2OXPO|2.

Keywords: kipushite, copper, zinc, phosphate, mineralo-
gical description, crystal sfucture, Zaire.

SoMMAIRE

La kipushite se ttouve associde d des mindraux secon-
daires de cuiwe, de zinc et de plomb dans la zone d'oxy-
dation du gisement de Kipushi, Shaba m6ridional, Zaire.
Elle se pr6sente en agr6gats de prismes subparalldles o_u,
rarement, en prismes isolds {l1l} allongds suivant [01],
de couleur vert 6meraude, ffansparents i translucides. Opti-
que : biaxe (-), ZV = 23' (calcul6), a l.693Q), 9 1.738Q)
et 1 l.74AQ). Systdme monoclinique, groupe spartal P21/c,
avec a l2.l97Q), b 9.156Q), c 10.667(2) A, B 96.77(2)" et
Z:4. Densit9 : 3.904 (calcul6e) et 3.80 (measur6e). Les

OCCURRENCE AND CRYSTAL STRUCTURE
OF KIPUSHITE, A NEW COPPER-ZINC PHOSPHATE FROM KIPUSHI, ZAIRE

PAUL PIRET

Loborotoire de chimie physique et de uistallographie de I'Universit{, B 1348 Louvain-la-Neuve, Belgium

MICHEL DELIENS

Ddpartement de gdotogie et de mindralogie, Musde royal de I'Afique cenirale, B 1980 Tenuren, Belgium

JACQUELINE PIRET.MEUNIER

Laboratoire de chimie physique et de cristallographie de I'Universitd, B 1348 Louvain-la-Neuve, Belgium

sjx raies les plus intenses du diagramme de poudre [d en
A(r)(hkt)l sont: 4.03(100X300,121), 2.554(90) (r32),
2.970(60)(32r,r30), I . 13 I (60b)(723, I 36,036,060),
12.2(50xlm) et 3.386(50X122,221,311). La composition chi-
mique d6termin€e A la micfosonde 6lectronique : CuO 43.0'
ZnO 24,4,P2Os20.9, H2O (par thermogravim6trie) l1'1,
toIal 99.4V0, donne la formule 6[(Cu,Zn)O].P zO s.AHzO.
Le rapport Cu:Zn moyen est de 1.8/1.0, mais varie de 1.1
d 2,6. La structure a 6t6 d€termin6e par diffraction X
(R = 0.05 pour 1252 rdflexions). Elle comporte deux feuil-
lets mixtes d'octaddres et de t6trabdres
t(Cu.Zn).(OH){(H'O)PO4l2+ et un feuillet de tdtrabdres
[zn1oH;Pon1z=. Les feuillets sont unis par les sommets
communs aux tdtraedres PO4 et ZnO3(OH) et par des liai-
sons hydrogbne. La formule structurale s'6crit
(Cu,Zn)5Zn(OH)6(H2OXPO)2.

Mots-clds: kipushite, cuivre, zinc, phosphate, description
min6ralogique, structure cristalline, Zaiie.

INTRODUCTION

The Kipushi deposit is located about 30 km south-
west of Lubumbashi, southern Shaba, Zaite, neat
the border with Zambia. The metallic ores have been
worked for more than sixty years. The mineraliza-
tion consists of Zn, Pb, Cu and Fe sulfides with
accessory Ga, Ge, Mo, W and V. It occurs in the
dolomite and schist-dolomite series of the Lower
Kundelunguian (Precambrian ID. The mineraliza-
tion is mainly located along a transverse fault that
cuts the flank of an asyrnmetric anticline. A com-
plete description of the geology and the mineralogy
of the Kipushi deposit has been given by Intiomale
& Oosterbosh (1974).

The thickness of the weathered zone extended to
about 100 metres in depth; this zone has now been
completely mined out. The most abundant minerals
of that zone were cerussite, malachite, smithsonite,
hemimorphite, cuprite and hematite, with a rich a$so-
ciation of accessory Cu-Zn-Pb-Fe phosphates' car-
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(1921). 4 : hkaba!&sb1 & r@sda (1921). 5 : Brrtgsrbedr (1922. 6 : 6r
e et az. lJ974i.

bonates, silicates, sulfates and vanadates. The
holotype specimen of kipushite is registered in the
mineralogical collection of the Musee royal de I'Afri-
que centrale (No. 14.026). A cotype exists in a pri-
vate collection. The mineralogical association of
kipushite includes pseudomalachite in dark blue
nodules, earthy pale green malachite, blue and green
hemimorphite, colorless sticks of pyromorphite,
ultramarine crystalline masses of veszelyite, yellow
and olive green cnrsts of vauquelinite, acicular
crystals clusters of libethenite, quartz and iron
oxides.

VESZELYITE AND IDENTICAL MINERAL Spsclgs

Data on the hydrated phosphates of copper and
zinc belonging to the (Cu,Zn)3POa(OH)r.rHrO
group are summarized by Palache et ql. (1951). Nl
these minerals are generally well crystallized and
transparent to translucent. Their color varies from
ultramarine blue to bluish green. The first descrip-
tion published pertained to veszelyite from
Moravicza in Roumania (Schrauf 1880); the com-
position published shows a considerable amount of
As (10.4190 As2Or). Half a century later, two addi-
tional descriptions were.published: an unnamed
mineral from Broken Hill in Zambia (Mennell &
Spencer 1920), and arakawaite from the Arakawa
mine, Japan (Wakabayashi & Komada l92l). Ohashi
(1924) showed that arakawaite is similar to the
unnamed mineral from Broken Hill. Buttgenbach
(1927) studied several crystals from Prince Leopold
mine, Kipushi, southern Shaba, Zaire; he gave these
crystals lhe preliminary name "kipushite" in order
to facilitate their description and their comparison
with similar species. Nevertheless, he regarded
"kipushite" as identical to the unnamed mineral
from Broken Hill and very close to arakawaite and
veszelyite, with which it would constitute an isomor-
phous series. Zsivny (1930,1932) reinvestigated the
type material from Moravicza; his new chemical
analysis showed that there is no arsenic in veszelyite
and, for that reason, the similarity between
veszelyite, the unnamed mineral from Broken Hill,
arakawaite and the Cu-Zn phosphate from Kipushi
was established. The only difference concerns the
Cu:Zn ratio. Zsivny (1932) retained the name
veszelyite because of chronological priority. Berry
(1948) calculated the unit-cell constants and gave the
space group of veszelyite from Moravicza. Ghose et
ol. (1974) studied the crystal structure of a specimen
from Arakawa and showed the existence of a new
type of sheet structure. Chemical and optical data,
as well as the densities given by the various authors,
are summarized in Table 1. CrystalloCraphic data of
Ghose el al. (1974) are also shown in Table l.
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THs Usr oF THE NauB Krpusnrrn

As the identity of the mineral from Kipushi studied
by Buttgenbach (1927) with veszelyite is established,
the provisional name kipushite used by that author
is free for another mineral. We apply this name to
the new Cu-Zn phosphate described in this paper.
The name of the Kipushi mine, famous for its rich
mineralogical associations, will then appear in the
literature applied to a well-defined and unique
mineral species.

The description (17 / l) and the name (14,/4) of the
mineral have been approved by the Commission on
New Minerals and Mineral Names, IMA (Septem-
ber 1983).

MonpHotocy AND PHySIcAL PRopERTIEs

Kipushite is emerald green in color, with a pale
blue streak; it is transparent to translucent and has
a vitreous luster. It appears as more or less elongate
aggregates of prisms up to 3 mm @ig. l) or, rarely,
as isolated prismatic crystals up to 0.3 mm @ig. 2),
of which lateral faces are uneven and rounded.
Prisms { I 11} are elongate along [0T] and terminated
principally by (100). The other often-present forms
are {102}, {012} and {llT}. The measurable angles
between vectors are: (1ll)A(IlTl 10t.0", (l I l)A(100)
56.9'. There are no distinct cleavages, and the frac-
ture is uneven. The Mohs hardness is approximately
4. Density is 3.8 (measured in Clerici solution) and
3.904 g/ cm3 (calculated).

The mineral is biaxial negative with a small 2Z(not
measured; 23o calculated) and the indices ofrefrac-
tion (sodium D line) are: a 1,693Q) (colorless), 0
1.738(2) (blue) and .y 1.740Q) @right blue). Sign of
elongation and optical orientation were not deter-
mined owing to the lack of cleavage.

Cugurcal Covtposrrrox

Quantitative chemical analysis by electron
microprobe (Centre d'analyse par microsonde pour

Ftc. 2. Two stereoscopic views of a kipushite crystal.
Lat€ral faces (ideallzed): {ll1}, lozenge: (100f kite:
(192), trapezes: (lll) and (lll), triansles: (012) and
(0r2).

les Sciences de la terre, Laboratoire de p6trographie,
Universit6 Catholique de Louvain; J. Wautier,
analyst) has been carried out with the following stan-
dards: Cu2O for copper, willemite for zinc, and
apatite for phosphorus. Water was measured by ther-
mogravimetry (Stone apparatus with Cahn balance).
The results are given in Table 2. The TGA curve in
Figure 3 shows the loss of structural water between
320 and 450'C. The formula is (Cu,
Zn)6@O)2(OH)6.H2O, with Cu:Zn : 1.80:1. The
Cu:Zn ratio is not fixed in this mineral species; it
varies between 2,6:l and l. l: I in the grains analyzed.

UIBLE 2. Itr{E CUEqI(aI CC!.4P6ITTOT\I CF KIPTFIITE, AS DEEFMIND BY E;KARON MICROPrctsE
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(PO.)z(O[I)6.H2O, wi th G::Zn = 1.8:1.

3 : rean rralues (Hzo bv theumgraqiuetr/). 4 : rcle'
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Frc. 3. Results of thermogravimetric analysis of kipushite.

CoNaperrsrLrrY INDEX

The compatibility index Mandarino 1981) was cal-
culated from the following data: formula 3.86 Cup,
2.14 ZnO, P2O5, 4H2O; M:695.2;  Z:  l l83 A3;
D"a":3.904 g/cm3; n: 1.7?-4; Kp = 0.1855 and

TABI,E 3. X-RAY PONDER PATTERN OF TIPUSEITE

rvighkl dcalc dobe *1 d."1. dobe I

Kc = 0.1873. The value of l-(Kp/Kq) is 0.010'
which is considered in the "superior" category.

X-RAY-DT NACTION DATA

Powder data, which are given in Table 3, are not
similar to other listed data. The hkl indices were
assigned in accordance with the measured single-
crystal-diffractometer intensities. Cell parameters
and space group were determined from Weissenberg
and precession photographs. Parameters were
refined by least squares using fifteen reflections
measured on a 4-circle diffractometer. Kipushite is
monoclinic, space grpup P21/c, a l2.l97Q), b
9.156(2), c 10.667(2) A, I 96J7 (2)o ; Z = 4.

Cnvsrar-SrnucruRE DETERMINATIoN

The intensity of all reflections with 20 < 50' was
measured using a Syntex P2l four-cilcle diffractom-
eter, Mo.l(cu radiation O = 0.71069 A), <,r-scan from
-1. I o to + l. I o. Of the 2084 independent reflections
collected. 1252 are classified as observed
U > 2.5o(Dl. Because of the small dimensions (< 0.1
mm) of the irregularly shaped crystalline fragment
chosen for data collection and the low value of p
(10.9 mm-t), no absorption correction was applied.

The structure was solved by the Patterson method.
As the superposition method gave poor results owing
to the numerous coincidences between interatomic
vectors, the following process was used. All peaks
that could correspond to 2x,2y,22 (for Cu andZn)
were located, starting from Harker peaks 0, Vz+2y,
t/z andZx, Yz, t/z+22. The co-ordinates xi, !i, Ziof
all possible Cu and Zn positions were thus obtained.
They were grouped in pairs. For each group' co-
ordinates and temperature factors were refined by
least squares. Then a difference-Fourier series was
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calculated, and the one or two largest peaks were
assumed to be atoms and introduced in the least-
squares refinement. The examination of R values
and, above all, of temperature factors (which may
not become too small, too large or too different from
each other) led to the choice at this stage of a good
partial solution. The other atoms (Cu, Zn, P, O)
were then easily found with the aid of successive Fou-
rier series and least-squares refinement.

The final difference-Fourier synthesis shows only
a few small peaks; these do not correspond to H
atoms, or to displacement of atomic positions due
to partial substitution of Cu by Zn. The final R fac-
tor is 0.047 for 1252 observed reflections and 0.092
for all 2084 reflections. A table of calculated and
observed structure-factors has been deposited; a copy
may be obtained on request to: Depository of
Unpublished Data, CISTI, National Research Coun-
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9 7 4  5 ! '  - 5 2 (  4 6 '  3 7 (  4 5 )  - t 6 <  . 1 6 '
4 0 4 (  7 4 t  - 2 4 0 (  g o t  - 1 3 0 (  5 7 )  1 5 (  5 6 )
1 9 7 (  6 3 )  7 6 (  4 9 '  - 3 9 (  4 7 '  - 6 1 (  4 9 )
1 3 6 (  5 8 )  9 A {  5 2 '  - 6 6 4  4 9 '  - 9 4 (  5 3 '

rsperalure f actor = exp I -2r2 {h2a*2u, r +. . t2 hka*brur z)l E.s.d. in [ffitj@.

TABLE 5. INERAIf,n4IC DISIIAI{CES (standard ds,.fatlc re rer O.Of i)

cr(l) ctahedm

or(r) -o(13) 2.94
o(ro)  2.24
o(1r)  2.o3
o(r2)  1.98
o (14 )  r . 97
o (9 )  L .97

o(19) -o(rr )  3.67
o (9 )  3 .41
o(r2)  3.37
o(r4)  3.22

o(ro)  -o(12) 3.34
o(r4)  3.26
o (u )  2 .92
o(9) 2.85

o(u) -o(9)  2.9L
o(r2)  2.58

o(r4)-o(12) 2.93
o(9) 2.77

zn(6) tetrahedm

zn(6)-o(16) 1.96
o (21 )  r . 91
o(22) r .93
o(23) r .93

o(16)-o(2r)  3.50
o(22',) 3. 13
o(23) 3.r7

o(2r)4(22) 2.97
o(23) 2.89
o(23) 3.16

Gl(2) €t:hedrcn

cu(2) -o(14) 2.73
o (13 )  2 . r 5
u ( r l ,  z . 9 a

o(r2)  2.o3
o(16) r .99
o (9 )  1 .9e

o(14) -o(r5)  3.64
o(r2)  3.o4
o(16) 2.96
o(9) 2.77

o(r9)-o(12) 3.37
o (9 )  3 .31
o(16) 3. lO
o(r5)  2.96

o(r5)-o(12) 3.10
o(9) 2.65

o(16)-o(9)  3.o2
o(12) 2.76

P(7) tetrahedmn

P(7)-o(r3)  r .53
o(2r)  1.53
o(22',t 1.55
o(23) 1.52

o(r3)-o(2r)  2.49
0(221 2.55
o(23) 2.W

o(2L')4(22) 2.52
o(23) 2-5o

o(22\4(23) 2.45

Cu,zn(3) eta})edr.on

c\r,zn(3) -O(19) 2.49
o(1o) 2.3O
o(15) 2.or
o(17) 2.Ot
o (9 )  r . 99

.  
o(r8)  r .93

o(19)-o(9)  3.23
o(17) 3.17
o ( r8 )  3 .16
o(15) 2.96

o(ro)-o(15) 3.39
o(18) 3.13
o(r7)  2.95
o(9) 2.8s

o(15) -o(18) 2.9L
o (9 )  2 .65

o(17) -o(9)  2.94
o(r8)  2.72

P(8) tetrahedrcn

P(8) -O(rO) r .53
o(r4)  r .54
o(15) r .56
o(2o) r .55

o(ro)-o(14) 2.53
o(r5)  2.5r
o(2o) 2.sr

o(14) -O(r5)  2.5r
o(2o) 2.5L

o(ls) -o(2o) 2.55

cu,zn( ) etahedrcn

Or,zn(4) -O(Io) 2.41
o(19) 2.37

o(2o) 2.o5
o(rr)  2.o l
o(r7)  r .96
o(r8)  r .95

o(1o) -o(2o) 3.55
o(r8)  3.14
o(r7)  2.95
o(rr)  2.92

o(r9)-o(r8)  3.16
o(r7)  3.14
o(2o) 3.o5
o(rr)  3.o3

o(2o)-o(r8)  2.95
o(r7)  2.64

o(rr) -o(17) 3.or
o(r8)  2.65

qr,zn(s) ctah€dron

ot,zn(5) -o(18) 2.5o
0(161 2.26
o(2o) 2.o5
o(rr)  2.o4
o(t2)  2.@
o(r7)  r .98

o(r8)-o(12) 3.50
o(2o') 2.95
o(L7) 2.72
o(11) 2.66

o(16) -o(u)  3.37
o(u) 3.23
o(2o) 2.99
o(r2)  2.76

o(2o)-o(r2) 3.o4
o(r7)  2.64

o(rr) -o(u)  3.o9
o(12) 2.58

E bGds (d< 2.95 A)

r o / o \ i / r r \  a  l l

w ( r o r { l r J ,  z . a z
cs(17)-o(23) 2.85
cH(r8) -o(14) 2.93

szo(19)-o(13) 2.@
Hzo(19) -o(22) 2.69

o(.r3)-o(19)-o(22) L29o
o(16) -o(13) {(r9) r19"



40 THE CANADIAN MINERALOGIST

cr f i l  G t  l2 l  6 i l i )  d t l ta t  o r t tS)  7 .n r6 l  9 r7)  Daa)  E  t

IABG 6. mm VmCES (v.u.) WIm m SOG X cil of Canada, Ottawa, Ontario KIA 0S2.
The program SHELX 76 (Sheldrick l97O was used

for all calculations, with complex neutral-atom
scattering-functions. Figures 5 and 6 were drawn with
the program ORTEP (Johnson 1965).

DESCRIPTIoN oF THE Srnuct'une

The final atomic co-ordinates and temperature-
parameters are given in Table 4. Interatomic dis-
tances are presented in Table 5. The estimated bond-
valences (v.u.) are given in Table 6. They were cal-
culated using the constants of Brown & Wu (1976).
Account was taken of hydrogen bonds (Donnay &
Allmann 1970). The sums of bond valences show
clearly the distinction between O, OH and HrO.

The structure consists of a sheet of tetra-
hedra [Zn(POt)OH]]" with two mixed sheets
[(Cu,Zn)s(OH)s(H2O)PO4],2'* which include five
octahedra around (Cu,Zn) and one tetrahedron
around P. Structural diagrams for kipushite and
veszelyite are given in Figure 4.

Sheet of tetrohedra

The sheet of tetrahedra (Fig. 5) is very similar to
that in veszelyite (Ghose et al. 1974), and is built up
of POo and ZnO,(OH) tetrahedra sharing corners.
The P(7)Oo tetra.!'redron is regular. The mean P-O
distance is 1.53 A (1.5^4 A in vpszelyite). The mean
O-O distance is 2.50 A (2.51 A in veszelyite). This
PO4 tetrahedron shares 3 corners with ZnO3(OH)
tetrahedra, whereas the fourth corner [O(13)] is
bonded to Cu(2) and, very weakly, to Cu(l).

o(9) o.44 0.43

o(10) o.20

o(11) o.37

o(r2) o.43 o.38

o03) o.o4 0.2?

o(r4) o.44 0.06

o(r5) 0.36

0(16) O.43

o(17)

o(r8)

o(r9)

o (20)

o(2r)
g(22,

o(23)

o.43

o. l8 0.r3

o.40 0.37

o.4r

r.28

o.o

o.20 0.50

o.40 0.47 0.44

o.5l o.48 0.rr

o.u o.t5

0.36 0.36

o.58 1.28

o.55 \ .22

o.55 r.32

{.18 l . l2 @

L2A 1.79 FO{

{.o9 l.o5 G

r.?2 ffi

0.26 1.86 FO.

r.25 0. lo r .85 mr

l . t8 r .94 rc{
-o.10 1.o3 ca
-o.13 1.18 G
-o.D r.@ G

{.34 {.12 820

r.22 1.94 PON

o.r 2.r3 lor

o.22 r.99 rc.

o.r3 2.O PON

t 1.92 1.93 2.O3 r.99 r .89 2.r8 5.rc 4.93

cur  -  (cu ,zn) .

1'
;

zn4Po1

I
t

1 l
o H o

t , /
t /

l c u , z n )  '  ( O ! )  ,  ( l r o )  P o ,

I I
r t
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FIc. 4. Structural diagram for kipushite (a) and veszelyite
O) with tetrahedral (T), octahedral (O) and mixed (M)
sheets. Centres of symmetry:*

Ftc. 5. Stereoscopic drawing (Johnson 1965) of the sheet of tefahedra in kipushite.
Thin lines indicate H bonds.
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Frc. 6. Stereoscopic drawing (Johnson 1965) of the mixed octahedral-tetrahedral
sheet in kipushite. Thin lines indicate H bonds,
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The ZnOr(OH) tetrahedron shows differences
between distances from Zn to O or to OH. Means
qre Zn-Q | .g2 A 0 .g4 X in veszelyire) ,^ Zn-OH ) .96
A (1.97 A in veszelyite), o-o 3.01 A (3.11 A in
veszelyite; for this mean, three erroneous distances
given by the authors^have been corrected), and
(OH)-O 3.27 L (3.20 A in veszelyite). This tetrahe-
dron shares three corners with POo tetrahedra and
the fourth tOH(16)l with Cu(2) and Cu(5).

Mixed octahedral - tetrahedral sheets

The mixed sheets @g. 6) are very compact. They
do not have the empty cavities found in many other
Cu or Zn phosphates and sulfates. This explains the
relatively high density of kipushite, 3.90 g/cm3,
compared to 3.42 g/cm3 in veszelyite, for instance.

The P(8)Oa tetrahedron is regglar. Mean dis-
tances are P-O 1.54 and O-O 2.52 A.It shares three
corners each with two Cu atoms of the same sheet.
The fourth corner is bonded to three Cu atoms of
the other mixed sheet.

The five octahedra possess a rather regular
equatorial square (three OH and one O) around
(Cu,An), with distances (Cu,Zq)-O between 1.93 and
2.05 A [general m^ean: 2.00 A, 1Cu,Zn;-OH:1.99,
(Cu,Zn)-O: 2.03 Al, whereas the apical distances
vary greatly. Co-ordination around Cu(l) may even
be considered as a tetragonal pyramid, the sixth
oxygen atom O(13) being located at the llmit of the
co-ordination sphere [Cu(l)-O(I3) : 2.94 A]. As this
co-ordination is typical of Cu2* (Jahn-Teller
effect), it is unlikely that any Zn occupies this site.
This situation is also^found in veszelyite, with dis-
lances^2.41 ard2.93 A around the first Cu, 2.45 and
2.47 A around the second Cu. Distopion around
Cu(2) is also important Q.l5 and2.73 A); Cu rather
lhanZn probably occupies this site. The three other
octahedra are more regular and, therefore, proba-

bly include the sites of the l. 14 Zn found by chemr-
cal analysis.

-The salient features of the five octahedra are
shown in Table 7. The two possible co-ordination
numbers, 5 and 6, are considered for Cu(l).

Bonding between sheets

The two mixed sheets are linked by the common
atom O(10) at the apex of a POa group. Sheets of
tetrahedra are linked to mixed sheets by O(13), at
the apex of the other PO4 tetrahedron, and by
OH(16) at the apex of the ZnO3(OH) tetrahedron.

In addition to these direct bonds, there are some
hydrogen bonds (Table 5) between the mixed sheets:
OH(18)-O(14), and between the mixed and tetra-
hedral sheers: oH(9)-o(21), oH(16)-o(13),
OH(17)-o(23), H2o(19)-o(13) and Hzo(r9)-o(22).
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TABTE 7. DESCRIPT]ON OF TFE FIVS (CU,ZN) OCTAIiEDT

L 2 3 4

OR PO E2O Cu Zn P

c q ( r )  (  3  3  5  3  1 3
I

{  3  2  4  |  2  r l

C u ( 2 )  3  3  4  I  3  1 2

C u , z n ( 3 )  3  2  I  5  2  1 2

C u , Z n ( 4 ) 3 2 1 5 2 1 2

C u , z n ( s )  5  I  5  I  I  1 2

l-. Mffi and rumbe! of reid|boB. 2. rider of slEled edFs.

3. Nde! of slDred @@ rit}l e' h ard P polybeda.

4. bb1 nunter of ffil O.P, O-h ald H! bords foaed

by tlE o.ygen at@ of tlE FoLyhedm. br Cu(l), tlo @
ordiEtjon nrml€rs (5 and 6) @ @idsed {e tst) .
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