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Abstract—The crystal structure of the new mineral urusovite Cu[AlIAsOs] has been determined (monoclinic
system, sp. gr. P2,/c, a=7.335(1) A, b=10.255(1) A, c=5.599(1) A, B = 99.79(1)°, V = 415.0(1) A3, Z = 4).
The structure is solved by direct methods and refined to R = 0.048 (wR = 0.103). The structure is built by open-

branched {uB, 020} [AlAsOs]>" layers parallel to the (100) plane. The layers consist of two-link chains of
i[Alzoé] tetrahedra, which are parallel to the z-axis and are connected through the [AsO,]-groups. The shar-

ing-edges [CuOg] tetragonal pyramids link the aluminoarsenate layers to form athree-dimensional framework.
The established layer is the second example of an tetrahedral aluminoarsenate polyanion. © 2000 MAIK

“ Nauka/Interperiodica” .

INTRODUCTION

Polyanions consisting of various tetrahedra belong
to one of the most abundant types of mixed anionic rad-
icals [1]. However, aluminoarsenate structures formed
by condensation of the [Al1**0,] and [As*O,]-tetrahe-
draare very rarely observed in compounds of thistype.
The well-known and, apparently, the only representa-
tive of this group is the exhaative mineral aarsite
AlIASO, [2], recently discovered in fumaroles of the
Bol'shoi Tolbachinskii fissure eruption (BTFE, the
Kamchatka peninsuld). Alarsite belongs to the struc-
tural-type of berlinite, AIPO,. This mineral is a close
analogue of quartz and has aframework structure built
by vertex-sharing [AI*0,] and [As*0,] tetrahedra[3-5].
In this work, we report the results of the crystal struc-
ture determination of the new minera urusovite
CU[AIASOg] discovered in fumaroles of BTFE and
named after the well-known scientist working in the
field of crystal chemistry, Corresponding Member of
the Russian Academy of SciencesV.S. Urusov. (Uruso-
vite was recognized as a new mineral type by the Com-
mission on New Minerals and Mineral Names of the
International Mineralogical Association on March 5,
1999).

EXPERIMENTAL

Urusovite crystals, Cu[AlAsO;], chosen for our
study were elongated transparent pale-green plates
with vitreous luster. X-ray study by the Laue and Weis-
senberg methods showed that the crystals are mono-
clinic, the sp. gr. P2,/c. The detailed description of data
collection and the results of determination of the unit-

cell parameters and structure refinement are given in
Table 1.

The structure was solved by direct methods. The
positions of the copper and arsenic atoms were deter-
mined. The remaining atoms were located using suc-
cessive approximations of difference Fourier synthe-
ses. The initia processing of X-ray intensities and the
choice of the structura model were performed using
the AREN program package [6]. The structure was
refined by the least-squares method to the R factor of
0.048 (WR = 0.103) by the SHEL XL 93 program pack-
age [7]. The absorption corrections were introduced
using the DIFABS program [8].

The atomic coordinates and thermal parameters are
listed in Table 2. The local valence balance calculated
by the method suggested by Brown [9, 10] (the bond
valences were calculated with the use of parameters
taken from [10]) isgiven in Table 3.

RESULTS AND DISCUSSION

All atoms in the crystal structure of urusovite
Cu[AlASOg] occupy the general positions. The calcula-
tion of the local valence balance (Table 3) demon-
strated that the sum of the valence bond stresses at each
atomisequal (within the admissibleerror) to theformal
valences corresponding to the chemical formula of the
compound.

One crystalographically independent copper atom
is coordinated by five oxygen atoms, forming a tetrag-
onal pyramid. Four oxygen atomslocated in the base of
the pyramid are at distances of 1.960-1.975 A from the
copped atom, whereas the oxygen atom occupying the

1063-7745/00/4505-0723%20.00 © 2000 MAIK “Nauka/Interperiodica’



724

KRIVOVICHEV et al.

Table 1. Crystallochemical characteristics of urusovite and the details of X-ray data collection and structure refinement

Chemica formula
System
Sp.or.,Z

Unit-cell parameters

Ogacr 9/Cm3

Radiation

Diffractometer, scanning mode
Number of independent reflections
Number of observed reflections
Ranges of indices

26,1im—26/max

g, mmt

R(F)

WR(F)

S

Weighting scheme

6pminv 6pmax

CU[AIASO]
Monaclinic
P2,/c, 4
a=7.335(1) A
b=10.255(1) A
c=5.599(1) A
B =99.79(1)°
V=415.0(1) A
3.93
MoK, (A = 0.71069 A)
Syntex P2;; w20
1333
11341 > 20(1)]
-13<h<12;0<k<18;0<1<10
2.8-40.0
13.292
0.048
0.103
0.977

w = 1[0%(F3) + (0.0606P)?], where P = (F5 + 2F2)/3
~1.305< 5p< 1.417eA3

Table 2. Atomic coordinates and thermal parameters (A?) in the crystal structure of urusovite

Atom X y z U:q Atom X y z U:q
Cu | 0.4618(1) | 0.14033(8)| 0.9095(1) | 0.0102(2) || ©(2) 0.9041(7) | 0.1996(5) | 0.3745(8) | 0.0123(9)
Al 0.1455(3) | 0.1770(2) | 0.4355(4) | 0.0080(4) || O(3) | 0.5707(7) | 0.1946(5) | 0.5470(9) | 0.0110(9)
As 0.7257(1) | 0.10839(6)| 0.4261(1) | 0.0082(1) || O(4) 0.2354(7) | 0.2223(5) | 0.7328(8) | 0.0101(9)
O(1) | 0.6231(8) | 0.0407(4) | 0.1596(8) | 0.013(1) 0O(5) 0.1984(8) | 0.0136(5) | 0.3844(9) | 0.013(1)
* Ueq = (1]3)Z|ZJU” a? a’j‘ a|aj .
Table 3. Local valence balance in the crystal structure of urusovite according to [9, 10]
o(1) 0(2) 0(3) 0O(4) o(5) b2

Cu 0.47 0.45 0.45 0.15 0.45 1.97

Al 0.74 0.78 0.77 0.75 3.04

As 1.19 1.29 1.30 1.29 5.07

2 211 2.03 1.90 2.00 2.04
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vertex is located at a distance of 2.370 A. This coordi-
nation of the copper atom is typical of oxygen com-
pounds [11, 12].

The coordination polyhedra of the aluminum and
arsenic atoms are tetrahedra formed by oxygen atoms
with the following average bond lengths and bond
angles. Al-O, 1.751 A; O-Al-O 109.5°; As-O
1.679 A; and O-As-O 109.4°.

The crystal structure of urusovite consists of the

2 AlAsOs]* tetrahedral layers paralel to the (100)
plane (Fig. 1). The layers are built by two-link tetrahe-

dral i,[ Al,0q4] chains parallel the z-axis and linked to
the [AsO,] groups through the bridging O(2) and O(5)
vertices. Two oxygen atoms (O(1) and O(3)) of the
arsenate groups are terminal. In the i,[A1206] chains,
the [AlO,]-tetrahedra are linked together via the O(4)
atoms. Within the framework of the silicate classifica-
tion developed by Liebau [13], the mixed aumi-
noarsenate tetrahedral layer thus formed can be
described as an open-branched layer. The mgor struc-
tural unit of this layer is a two-membered aluminate

chain branching because of attachment of arsenate
“branches” A similar structure of the auminosilicate

Fig. 1. Open-branched {uB .} [Al1AsOs|>" layer of tetrahe- layer 2[Si;AlO, ] was also observed in prehnite
drain the urusovite structure (side view). [14, 15]. Thislayer consists of two-link aluminosilicate

(a) (b)

Fig. 2. Structure of the open-branched {uB i,} [A|ASOS]2_ layers of tetrahedrain (a) urusovite and (b) prehnite and the correspond-
ing topological diagrams (tetrahedra are indicated by circles).
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Fig. 3. Crystal structure of urusovite projected onto the xy plane.

chains connected via single [SiO,]-tetrahedra playing
the role of “branches” However, the topology of the
structure of the layered polyanion in prehnite is essen-
tially different from that of the mineral under study.
The structures of the layers of the minearls under con-
sideration and their topological diagrams are shown in
Fig. 2. Thealuminosilicate layer in prehnite can be rep-
resented as a layer consisting of six-membered rings,
whereas the aluminoarsenate layer in urusovite consists
of four- and eight-membered rings. In the latter case,
the four-membered rings are not directly linked to each
other, i.e., they share no tetrahedra. No anal ogous tetra-
hedral layers were revealed in the known crystal struc-
tures, which indicates that we observed a new type of
tetrahedral layersin the mineral under consideration.

Asisseen from Table 3, the bridging O(2) and O(5)
atoms, “connecting” the aluminate and arsenate tetra-
hedra, are completely valence-saturated, whereas the
0O(1), O(3), and O(4) coordinated with the copper
atoms are not. The tetragonal [CuOs]-pyramids are
linked in pairs by shared O(1)-O(1) edges (Fig. 3).
These pairs are responsible for linking of aumi-
noarsenate layers into a three-dimensional structure.
The O(1)-Cu-O(1) bond angle resting on the shared
0O(1)—0O(1) edgeis shortened to 77.4°.

As was mentioned above, the crystal structure of
urusovite isthe second example of the tetrahedral poly-
anion formed by condensation of the [AsO,] and
[AlQ,] tetrahedra. Note that the change of trivalent alu-

CRYSTALLOGRAPHY REPORTS Vol. 45

minum by adivalent cation results asubstantially wider
variety of mixed anions. As an example, we refer to a
series of compounds with the [ZnO,]- and [AsO,]-tet-
rahedra, which are linked by bridging verticesinto lay-
ered and framework structures [16—20].
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