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Introduetion

I orystal chemistry usually deseriptions of cations as cen-
tral aton wl anions &8 Hgends are given. Many orysal
sipuctunes may be analy ever, on the basis of the
coordination of anlens. stiendarly suitable in the
description of P ditional” oxygen sboms,
Le, atoms not included inlo ikc: watwat (1,0, complexes
where T=Si, Ge, B, 8, BV, As, Se, e well as Mo
water molecides, In most cas itonal’ cavgen
atoens have 2 snvironment of me-
tal atoms, e T caBon
cornplexes. Relatively high bond seren
tesrahedra aliows 1o suggest thelr selec
structural subunits in compounds with “additional” oxygen
alons,

Orocenvered [OM,] wimbednn are well known in me-
wwl-organic compoonds as polyauclesr metal comp) 3
with u,-bridging oxygen atoms. Thelr structures have been
jected to gxtensive investigation becanse of their inter-
wetic properties (see, e.g. Reim, Griesar, Haase,
CGotdberg, Caneschi, Deifs, Sessoli, Lippard,
1995, and ref. therein) caused by the mwral-metal intersc-
tion within [OM]etahedrs, Recently, Young, Chaddeon,
Oimstesd, Kaozlarich, Lee snd Miller (1997) desc
some. inorganic structures composed of infinite chains
based on the ‘empty” Cuy totrshedrs, Lo withou cenrsl

nience autior (el

ey @cryst.geol.pu.i)

of Crystallography, 199

JLOmSE,
oourable to the additiomal stabilisation of oxoceniered

axygen Thus the role of M. M interactions is

teccabiedra, although they are considerably - weaker than
thase in Cu, chusters as may be concluded from the com-
parison of the Ca—Cu dis

This paper is the fiest of ries of papers o which we
world Jike to report the results on the crysal structures of
IOTEMIC COmpouTEs. ¢t ¢ [OCu,] oxocentered tetra-
hedra linked nto variousty shaped chains.

The first compound under investigation 15 chlorome-
nite, & new miceral having  the  idealised  formula

CupOap(Be0s 1l described recently by Verpasova, K-
vovichev,

Semenova, Filatov and Ansniev {1999) as oh-

the erystel data, Xoray data soflestion and snuc-
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Talde 2. F SEOTTEC ¢ i and disp P (A% for chlarormentts, g = (
A x ¥ z faz [ 4
Cut G158

!3-‘1 Gﬁ(m

tained from the
chatka, Russia, The mineral was named ¢
cording to its colowr and chemical compo
~ Cgreen’ and wpeel — ‘moon’ ther indicates the pre-
sence of chlovine and selenium, respectively. It vecurs as
brownish-green elongated tansparent plaes growing oa

Hom: A

the surface of crysials of metanothathite, Co0CY. From
elec sl microprobe anglysls  the  emphical formula
Cuig,y 10y 58 a0 il 2, Having 2 ratio Cusén close
o §:1, derivad.

Experimental

& single crystal  of loromenits  with & ions

01* K(?2)>

was studied by Weisse

and rhe *»mh—»em;r;d unit cell. The fdaeice was
o seconding o fhe stnaller 8 angle s compared with
zm Clattice. Details of the coystal data, Xray data collec-
tion and structure refinement are given in Table 1. Lorentz-
polzrization and absorption corrections were applied using
the program fems AREN  (Apdrianov, 198T) and
DIFABS (Walker . T9ES), respectively. The seructors
wis solved in the space group [3/m by divect methods
(AREN; Andriznov, 19873 and refined by full-matoix Je
SRS | methods (SHELXL-93; Sheldrick, 1993), Attempts
w2 localise the Zn position in the structirs wers not sue-
cessful, The fractional wtomic coordinates and thermal dis-
srnent parameters are given in Table 2, selected intera-
tomic distances and angles in Table 3.

The measured su st Hnes in fhe X
fraction pattern {0 -~ 4 -~ Wy 63 ~ 113
TA4G -~ 301 17 - 681 - 200, 83 — 556 - 0L 100 ~
345 - 103 30 — 324 — 204: 33 — 271 - 303, 31%
61 - 2,40 - 402 are in good agreement with those
calculated on the basis of the crystal structore with regard
to the perfect cleavage on (101},

P

¥

- 1012l -

povwder dif-

Discussion

As can be seen from Table 3, there are five copper posi-
tious iﬁ the chloromamim stractiye that correspond 1o five

and! LL('}) - phﬂdf »qs]&ﬂ: 3 -+ 2C1} and [ 32}
3 — wigonal bipyramids 404 Cl} and :
speciively, Cu(3) — g fhatlened temmabedron (20201, In
1] polyhedron are four OXygen atpms
4 A, whersss In the Cu(8YDs] bipyramud
the equatorial oxygen atoms are ar 203 A i A and the
1w apical ones at 190 & and 1.95 A,

It sppears that the flattened twdrshedron with the chemi-
citl composition JOn0,0h) has been observed in inceganic
corapoinds for de thmie, although the structuradly si-
milar ome [CaQy} formed by four oxygen atoms
been reported, for instance, In PhCuO{TeOg)
Miller-Buschbaum, 1996,

Both selendite groups have trigonal pyramadal coording-
toms with osual mean Se-0 hood Ee;wlhs LT A.

The ‘addiional” oxygen A is tetrahedrally co-
wrdinated by Cu(), Culd) twe O atows with
mean Cu—C boad length 1,93 A (1.90
mean bond length Cu-0 for oxygen atoms of selenite
groups, without 1eg m‘d fbr bones loager than 230 A, is
198 4 (190 A 204 AY The copper atoms Cull} and
Cuf3} are not bonded w (}{ 1) ar afl.

We consider the [O(1Cu,) telrahedra as independent
structural subumits in the chloromenite strocture. Oxocen-
;] wetrahedrs we Hnked via comers o une
branched gweier chains {u8, 11} [OnCus] pamﬂe 0 the
Fags, 1, 2a), Selenite g}oups 88{230y are In ‘face-
weface” positions relative to the oxocentered tetrshedra
(Figs. b, ¢). The chain {0,Cu,] together with Se(2)0;
groups {one group per one fterabedron) farm a comples
chain {[QyCuslBe0:):] decorated by the flattened tatrahe-
dra [Cud0.Cly) and the second tvpe of selenlte groups.
These entiies ave lnked through [Ci(104 ‘sequares’
{disphenoids) to layers parailel o (101} (Fi

Steucturally similar chaing {uB, 1o ] [0:Mg] of corner
sharing axocentered tetrahedra [(OM,] have been observed
i inorgasse compounds for M= Oun Zic (s, Vol

&




Crysal swuctuze of chiotmenits, CugOy (el

647

Tatle 3. Selected bond leoghs and valence angles in chloromenite.
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nfigurition of the chals {48, 1h 1 i0hCug}
afered tetmahedrs [OC01

% {04 ué,i

Eersed
Fune

m kamchatkite  KCuyQOCKB0,)  (Varaksiea,
L Filatov, Vergasova, 1990) CiuaO{doQ),
{Kihthorg, Nowestamn, Olivecrona, 1971 Kihiborg

)

tamm, 1972; Steiner, Reichelr, 19971 CupO(Va :
{Leblanc,  Ferey,  1990),  NapCafl sE‘alID OGP0, )afl
{Ftheredge,  Hoy, 19 fult, Vol g]  in

Zag(80, (Bald, Grue«m. 19813 and émf_‘?ﬂ{o(}m
(Stihnsl, Reichelr, Oppermann, Matcauseh, Simon, 1996).
The geometric parameters of these chains are given in Ta-
Bie 4 as follows:

symmetry of a chain;

chain identity pedod L.

mean bond lengths {0 for bridging My,
{hoe. == wridging comer)] and terroinal (M, (e
= termrinal corerd} catlons
{vy mean valence angle
e \rﬂmce angie

‘.hDW3 t! & Eolmwuw, 5 %

(1) Symmetry of the ﬁhain és 0 less max ’21 and the
bridging reetal atoms He op the sorew axis. As a

are 'wewr

single chains, il wetrabedra i the chain are crystal-

lographicslly equivalent and, therefore, the equation:

Lvgin = 2 [Mp 2~ M,

d. Following in general Liebas and Pallas

(19813, we define the stretching factor of a chain

of corper sharing tetrahedra, °F , as

. [& o i1

o= Lobain |3 :Nih‘c."'wihz;}j .
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san bond
rocome-

are shotter than th
different sit
which §
lengths are usually longer than §1-0, ¢
bau, 19835
(3} The linking of wetrahedrs via comers leads to an
ingrease in My —~0~My, valence angles relative
to the ideal value 109.5° for the tetrabedral angle.

It is obvious that the structural gecmetry of chaing of
comer sharing oxocentered fetrahedrs is different from thar
uhaerved for antlogons silicate andons.

The following argument may he nsed for & qualitative
explanation of these facte. Owilag w0 the low shsolute
charge of the oxide anion O, the repulsive forces be-
stan of the structuee oste the {0101 plans. tween  the centres  of oo sharing  oxcecentered
i el eetrshedra are considezably weaker than those
definition, all chaing listed ia n the centres of coroer shading [S104] tevrahedra.
riably equal fo 1 in con- Feor similar reasons, the bonds between the centad atome
siretching factor (but and ak ar the comers in POM.] tetrahedra are weaker
spedogically  than those in 18I0 whabedra. The bridging metad atom,
v range from . s firmly bound By two “additienal’ oxygen astoms,

Hip e 0.234 s the terminal ones, M, ., ave only bound w0 & sin-

trast to sili
with &
similar  cornes-s

1060 for

T

Aahde 4. Suuctursl geome er single chelns {uB, }‘34} {0 M} of corper shazing [OM] teirebedea (M = Cu, Za) in ongasie com

pognds.
Compound Sy, [ P
Iref.§ [A]

H{u; 00180} TE LI

[1.56--1.981

6.658 168.9 angr
10201945
2y /mm 6372 1955
' [0 -1186
2 /m 6362 109.1 3135 3342

chiloromenite

XS0, 2im 6580

11,9431

bels, 1997, (31 Leblanc, Feray, 1990, 147 Biheredge, Hwn, 19963
596,

Hefsn 117 Varaksion,
£aY Balg, Gmehn, 19




stal structuse of chicromentes, Cud

lSeOs 1Y,
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gle one. Jo addition, the B, metal atom has six M. M
metal-mesal contacts, whereas the Moo atom has ooly
theee. Therefors, the My atoms are seeured to the chain
were fnly than the M, ones sad may more easily be
retracted from the central oxygen stoms, Shortening of the
distances leads to the shortening of distances
25 the Oty —Cu, repnlsion. These repul-
sive forces are compensated by an increase of the
Coyg~O-Cup, valence angles and Cup —Ciy, dis-
{Tahle

However, it should be noted that this scheme does not
work completely i thene are some factors Hmiting an i
crease in the g 63 gle. Chioromentite is an
example of how the chain may sheik due to the addi-
tinnai bonds external o i sub-smuctire. B chloromenite
translationadly equivalent chan terabedrs are bonded by
the [Set)h] gronps a5 it is shown is Fig. 2o This prevents
the stretehing of e chain and, in this case, the proposed
scheme works in the mverse order ay approach of brid-
ging copper atoms is compensared not by an increass of
O te but by an meresse of O-Cuy,, dis-
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