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Absract

The crystal structure of vlodavetsite, AICa2(S04hF2CI.4H20, has been determined, space group 141m, a =
6.870(1), c = 13.342(2) A, Z = 2, Dx = 2.35 g/cm3. The polyhedron cation chains are parallel to [001] and
consist of couples of distorted Ca octahedra alternating with one distorted Al octahedron rotated through 240
with respect to the former. The chains are linked by S04-tetrahedra so that all of the four tetrahedron oxygen
atoms take part in coordination of Ca atoms to form a distorted octahedron with CI and F atoms. The Al
coordination polyhedron consists of two F atoms and four oxygen atoms belonging to water molecules. There
is a specific interaction via hydrogen bonds between oxygen atoms of S04-tetrahedra and water molecules.
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Introduction

VWDAVETSITEis a new mineral of the Tolbachik
Main Fracture Eruption volcanic exhalation
(Kamchatka, 1975-76). The X-ray single crystal
structure determination has been carried out
continuing the complex crystallographic investiga-
tions of the vlodavetsite crystals (Vergasova et al.,
1995).

The mineral is a fine-grained material. The
isolated transparent colourless microplates and
square plates or rectangular crystals are rarely
observed.

Experimental

Weissenberg camera and 4-circle diffractometer
'Syntex P21' studies were carried out and gave the
following data: 447 unique reflections (Mo-K~
radiation, sin S/A < 0.903, I > 30"1)' tetragonal
system, 1-1- diffraction group, included space groups
141m,14, 14. The unit cell with a = 6.870(1), c =
13.342(2) A contains two formula units of
vlodavetsite(Dx= 2.35 g/cm\

The structure was solved in space group 141mby
direct methods and refined by a full-matrix least-
squares method with anisotropic thermal parameters
to R = 0.046 (Rw = 0.048) using the program
complex 'CSD' (Akselrud et al., 1989). The positions
of fluorine, chlorine, oxygen and hydrogen atoms
were localized on difference Fourier maps.
Absorption corrections were made using the
program 'DIFABS' (Walker and Stewart, 1983), It

= 18.17 cm-I. The final atomic positions are given in
Table 1.*

Discussion

In the crystal structure of vlodavetsite the chains of
the cation polyhedra are parallel to the fourfold axis
and consist of the couples ol'distorted Ca-octahedra
alternating with one distorted AI-octahedron rotated
through 240 with respect to the other. (Figs. 1,2,

* Tables of the calculated and observed crystal structure
refinements, atomic parameters and anisotropic para-

meters are available from the editorial office.
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Atom xl a ylb zJc B

Al 0 1.0 1.0 1.13(9)
Ca 0 1.0 0.7015(1) 1.06(3)
8 0.5 1.0 0.75 1.05(3)
F 0 1.0 0.8688(4) 1.40(9)
Cl 0 1.0 0.5 2.12(6)
01 0.3372(5) 0.0635(5) 0.6859(2) 1.64(7)
02 0.0594(8) 1.2727(8) 1.0 1.74(11)
H 0.078(9) 1.327(8) 1.051(4) 1.95(5)

Ca-polyhedron

Ca-CI 2.689(3) CI-Ca-F 180.0(I)
Ca-F 2.233(6) Cl-Ca-Ol 34.9(1)
Ca-Ol 2.366(3 ) F-Ca-Ol 95.0(1)

01-Ca-Ola 89.6(1)
01-Ca-Olb 169.9(1)

AI-polyhedron
AI-F 1.750(5) F-Al-F 180.0(2)
Al-02 1.918(6) F-Al-02 90.0(2)

02-AI-02 180.0(2)
02-Al-02 90.0(2)

8- tetrahedron
8-01 1.474(4) 01-8-01 109.1(2)

01-8-01 109.7(2)
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TABLE 1. Atomic positions and isotropic temperature
factors for vlodavetsite

Table 2). A similar arrangement of an AI-octahedron
between two Ca-polyhedra (twelve neighbours) was
observed in the structure of woodhouseite (Kato,
1977). The cation chains are disposed in the crystal
lattice halfway along the diagonal translation [110]
and linked by 804-tetrahedra so that all four
tetrahedral oxygen atoms take part in the coordina-
tion of Ca atoms to form a distorted octahedron with
CI and F atoms exhibiting two nonequal perfect
tetragonal pyramids with a common base (Table 2).

TABLE2. Bond distances (A) and angles (degrees) for
vlodavetsite

The stretched pyramid has a CI atom on top and the
flattened one a F atom. The Ca atom is located inside
the flattened pyramid. The bond distances Ca-Otetr.

i[1O~]

FiG. 1. Projection of the structure on the (001) plane.
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FIG. 2. Projection of the structure on the (01 0) plane.

are the shortest distances among the sulphate
structureswhere they fluctuate from 2.888(3) A in
woodhouseite (Kato, 1977) to 2.528(2)-2.378(1) A
ingypsum (Cole and Lancucki, 1974).

The Al coordination polyhedron is a flattened
perfect tetragonal dipyramid with F atoms at the
points, and four oxygen atoms belonging to water
molecules in the basal plane (Table 2). The bond
distancesAI-F and AI-O are identical to those in
thekhademite structure (Bachet et al., 1981). The Al
coordinationpolyhedron has no direct contacts with
the almost ideal S04-tetrahedra. However, intera-
tomic distance analysis shows that there are large

dist~ces between the oxygen atoms of the water
molecules and those of the S04-tetrahedra (01...02 =
2.815(5) A) and shortened distances between water
molecule hydrogen atoms and tetrahedron oxygen
atoms (H..01 = 2.03(5) A), which are smaller than
their sum of Van der Waals radii. Hence, these atoms
have a specific interaction via hydrogen bond (L
02H01 = 170.6(6)") to penetrate the crystal structure
(Figs. 1,2). The hydrogen interaction between the
S04-tetrahedra and water molecules is typical of
hydrosulphate structures and occurs in structures of
gypsum (Cole and Lancucki, 1974) and khademite
(Bachet et ai., 1981).
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