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A new compound, heptamagnesium bis(arsenate) tetrakis-
(hydrogenarsenate), Mg;(AsO,),(HAsO,),, was synthesized
by a hydrothermal method. The structure is based on a three-
dimensional framework of edge- and corner-sharing MgOg,
MgO,(OH),, MgOs, AsO3(OH) and AsO, polyhedra.
Average Mg—O and As—O bond lengths are in the ranges
2.056-2.154 and 1.680-1.688 A, respectively. Each of the two
non-equivalent OH groups is bonded to both an Mg and an As
atom. One OH group is involved in a very short hydrogen
bond [O---O = 2.468 (3) A] The formula unit is centrosym-
metric, with all atoms in general positions except for one Mg
atom, which has site symmetry 1. The compound is isotypic
with Mn;(AsO,),(HAsO,)4 and M;(PO,),(HPO,),, where M
is Fe, Co or Mn.

Comment

Mg;(AsO,4),(HAsO,), is a new magnesium arsenate hydro-
genarsenate and was synthesized by a hydrothermal method.
It is the sixth simple magnesium arsenate containing proton-
ated AsQO, tetrahedra. The other compounds known are the
two minerals brassite (MgHAsO,4-4H,O; Brasse & Remy,
1970; Fontan et al., 1973; Protas & Gindt, 1976) and rosslerite
(MgHAsO,4-7H,0; Ferraris & Franchini-Angela, 1973; Street
& Whitaker, 1973; Whitaker, 1973), and the synthetic
compounds MgHAsO,4-H,O (Guerin & Mattrat, 1958; Mattrat
& Guerin, 1960; Stahl-Brasse, 1972), MgHAsO,-2.5H,0O
(Guerin & Mattrat, 1958; Brasse et al, 1971; Stahl-Brasse,
1972), Mg(H,AsO,), (Grunze & Thilo, 1964) and Mg(H,As-
04),-H,O (Grunze & Thilo, 1964). The crystal structures of
the last four compounds have not been determined.

The crystal structure of Mg;(AsO,),(HAsO,), is based on a
three-dimensional framework of edge- and corner-sharing
MgOg, MgO,4(OH),, MgOs, AsO;(OH) and AsO, polyhedra
(Figs. 1 and 2). The asymmetric unit contains four crystal-
lographically distinct Mg sites, three As sites, twelve O sites
and two H sites. The formula unit is centrosymmetric, with all
atoms in general positions except for atom Mg1, which has site

symmetry 1. Each of the two non-equivalent OH groups is
bonded to both an Mg and an As atom.

Atom Mgl lies at the centre of an MglOg octahedron with
considerable bond-length distortion (Table 1). In contrast,
Mg20¢ and Mg40O,(OH), represent less distorted octahedra,
and atom Mg3 is surrounded by five O ligands, forming a
distorted Mg3Os trigonal bipyramid. Five-coordinate Mg is
relatively rare but has also been observed in the arsenate
BaMgAs,O- (Mihajlovi¢ et al., 2004), in other oxysalts, such as
BiMg,VO¢ (Huang & Sleight, 1992), LiMgBO; (Norrestam,
1989), SrMgP,0; (Tahiri et al., 2002), MgsNa,(PO,), (Yama-
kawa et al., 1994) and Mg;Ti,PsO,4 (Benmoussa et al., 1990),
and in the minerals farringtonite [Mg;(PO,),; Nord & Kier-
kegaard, 1968] and grandidierite [(Mg,Fe)Al;SiBOy; Ste-
phenson & Moore, 1968]. The Mg2-, Mg3- and Mg4-centred
polyhedra share common edges to form zigzag chains nearly
parallel to [101]. In contrast, the MglO4 octahedron only
shares corners with adjacent polyhedra. Average Mg— O bond
lengths are 2.154 A for Mgl, 2.086 A for Mg2, 2.056 A for Mg3
and 2.073 A for Mg4. These values are reasonably close to the
average in oxidic Mg compounds (2.085 A; Baur, 1981). As
expected from the distortion theorem (Brown & Shannon,
1973; Brown, 1981), the largest average bond length is shown
by the most distorted octahedron, viz. MglOs.

The three non-equivalent As atoms all show tetrahedral
coordination. The AsO, groups are relatively regular,
although the two protonated groups, centred by Asl and As3,
show a stronger angular and bond-length distortion in
comparison with the unprotonated As20, tetrahedron. The
two As—OH bonds, As1 —04" and As3—O011""" [symmetry
codes: (iv) —x, —y, —1 — z; (viii) x — 1, y, z], are distinctly
longer than the As—O bonds (Table 1), which is in good
agreement with earlier observations that protonated XO, (X
is P or As) oxyanion groups generally show an elongated X —
OH distance (Ferraris, 1970; Ferraris & Ivaldi, 1984). Average

Figure 1

A polyhedral representation of the crystal structure of Mg;(AsO,),-
(HAsO,), in a view along [101], i.e. nearly parallel to the zigzag chains
built from the edge-sharing Mg2-, Mg3- and Mg4-centred polyhedra (the
Mg1Og octahedron, centered by Mgl on the origin, is not involved in this
chain). MgOg octahedra are unmarked, the distorted Mg3Os trigonal
bipyramids are striped and AsO, tetrahedra are marked with crosses. The
very short hydrogen bond is also shown (dotted line).
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Figure 2
A view of the connectivity in the title compound, showing the atom-
labelling scheme. Displacement ellipsoids are drawn at the 50%
probability level and H atoms are shown as small spheres of arbitrary
radii. [Symmetry codes: (i) 1 —x, 1 —y, —z; (ii) —x, 1 —y, —z; (iii) —x,
1—y,—1—2z@G{v)—x,—y,—1 —z;(V)x, 1 +y,z;(vi)x — 1,y,z — 1; (vii)
—1—x, —y, =1 — z; (viii) x — 1, y, z; (ix) —x, —y, —2.]

As—O bond lengths are within a close range, with values of
1.688 A for Asl, 1.680 A for As2 and 1.685 A for As3. A very
short hydrogen bond [2.468 (3) A] occurs via O4—H1- - -O7"
(Table 2), in contrast with a second, longer, hydrogen bond via
O11—H2---010" [2.666 (4) A; symmetry code: (i) 1—ux,
1—y, —z]

A bond-valence analysis of the structure was performed
using parameters from Brese & O’Keeffe (1991). This
confirms the divalent character of all four Mg atoms, with
bond-valence sums of 1.78 (Mg1), 2.10 (Mg2), 1.88 (Mg3) and
2.15 (Mg4) vu. (valence units). Bond-valence sums for the
three As atoms amount to 4.97 (Asl), 5.07 (As2) and 5.01
(As3) v.u., and the O ligands have sums of 1.96 (O1), 1.85
(02), 1.96 (03), 1.52 (04 = OH), 2.03 (05), 2.02 (06), 1.60
(07), 2.07 (08), 1.97 (09), 1.77 (010), 1.46 (O11 = OH) and
1.85 (O12) v.u. Thus, the most underbonded O ligand (O7)
represents the acceptor of the very strong hydrogen bond (see
above), whereas the second most underbonded O ligand
(010) accepts the less strong second hydrogen bond.

The title compound is isotypic with Mn;(AsO,4),(HAsO,),
(Rojo et al., 2002) and M,(PO,),(HPO,),, where M is Fe"
(Zhou et al., 2002), a mixture of Fe'" and Fe'"" (Vencato et al.,
1994), Co™ (Lightfoot & Cheetham, 1988; Rojo et al., 2001),
and Mn"" (Cudennec et al., 1986; Riou et al., 1987; Rojo et al.,
2002). The Zn-P, Co—As and Zn—As analogues are apparently
not known. The unit-cell volume of the title compound is
distinctly smaller than that of its Mn"" analogue [491.0 (3) A3
Rojo et al, 2002], as would be expected from the effective
ionic radii of Mg'" and (high-spin) Mn" (0.720 and 0.830 A,
respectively; Shannon, 1976).

Experimental

The title compound was prepared by a hydrothermal method. A
mixture of magnesium hydroxide (0.215 g), scandium(III) oxide
(0.167 g) and arsenic(V) acid (0.390 g) was added to distilled water
(1.5 ml) and the resulting mixture (pH 4.5) sealed in a Teflon-lined
stainless steel autoclave. The bomb was placed in an air oven at

493 K, held for 7d, and then allowed to cool slowly to room
temperature in the oven. The reaction products were washed with
distilled water and dried slowly at room temperature in air. The large
majority of the well crystallized reaction products consisted of
previously unknown Mg;(AsO,),-H,O, forming sprays of very small
colourless acicular crystals. Although the crystal size of this phase was
insufficient for X-ray data collection, an X-ray powder diffraction
pattern clearly indicates that it is isostructural with its Co and Ni
analogues (Palazzi et al., 1978), the crystal structures of which are not
known. The minor component, Mg,(As,0O,)-2H,O (Wu et al., 1996),
formed similar but larger sprays of acicular crystals. The title
compound formed minor quantities of small colourless lenticular to
tabular crystals. Their crystal habit is dominated by the pinacoids
{102}, {102} (uncertain) and {010}; the first two are somewhat curved
and show a weak striation parallel to [010]. A fourth reaction product,
small colourless rounded prisms of adamite-type Mg,(AsO,4)(OH)

(Rojo et al., 1997), was only present in trace amounts.

Crystal data

Mg;(AsOy),(HAsO,)y
M, = 1007.72
Triclinic, PT

a = 6.6440 (10) A
b=8042(2) A
¢=9750(2) A

« = 10470 (3)°

B =107.89 (3)°

y =101.16 3)°

V =4582(2) A®

Data collection

Nonius KappaCCD area-detector
diffractometer

Y and o scans

Absorption correction: multi-scan
(HKL SCALEPACK;
Otwinowski & Minor, 1997)
Tmin = 0.347, Tiax = 0.663

5192 measured reflections

Refinement

Refinement on F?

R[F? > 20(F%)] = 0.025
wR(F?) = 0.061

S =1.09

2649 reflections

178 parameters

All H-atom parameters refined

Z=1

D, =3.652Mgm~>

Mo Ko radiation

Cell parameters from 2620
reflections

6 =2.0-30.0°

u=11.19 mm™"

T=293(2)K

Plate, colourless

0.12 x 0.07 x 0.04 mm

2649 independent reflections
2411 reflections with I > 20(1)

Rin = 0.015
Omax = 29.9°
h=-9—-9
k=-11—-11
[=—-13 > 13

w = 1/[o*(F,%) + (0.025P)*
+ 1.44P]

where P = (F,” + 2F.2)/3
(A/0)max = 0.001
APmax = 1.09 ¢ A3
APmin = —0.99 ¢ A3
Extinction correction: SHELXL97
Extinction coefficient: 0.0034 (6)

Table 1 .
Selected interatomic distances (A).
Mgl —07 2.049 (2)
Mgl —02 2132 (2)
Mgl —012 2281 (2)
Mg2—010 2.024 (2)
Mg2—05 2.050 (2)
Mg2—08 2.063 (2)
Mg2—05' 2.070 (2)
Mg2—02 2.125 (3)
Mg2—03 2.185 (3)
Mg3—O8' 2.002 (3)
Mg3—03' 2.051 (2)
Mg3—0Q9 2.054 (2)
Mg3—012 2.036 (3)
Mg3—01 2.119 (2)
Mg4—04 2.055 (3)
Mgd4—06 2.058 (3)

Mg4—01 2.061 (2)
Mg4— 06 2.074 (2)
Mg4—O11 2.074 (3)
Mg4—09 2.113 (3)
As1—03 1.667 (2)
As1—01 1.677 (2)
As1—02 1.689 (2)
As1—04" 1.717 (2)
As2—06 1.673 (2)
As2—05 1.673 (2)
As2—08' 1.679 (2)
As2—07" 1.693 (2)
As3—010% 1.652 (2)
As3—012" 1.677 (2)
As3—09 1.678 (2)
As3—O11 1.731 (2)

Symmetry codes: (i) 1 —x,1—y, —z; (ii) —x,1—y, —z; (iii)) —x,1 -y, =1 —2z; (iv)
—x,—y,—1—z; (v) x,1+y,z; (vi) x—1,y,z2—1; (vii) —1—x, —y, =1 —z; (viii)

x—1,y,z.
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Table 2 .

Hydrogen-bonding geometry (A, °).

D-H.-A D-H H-A DA D-H . -A
Ol1—H2.--010' 0.71 (5) 1.97 (5) 2.666 (4) 166 (6)
O4—H1..-07" 0.88 (7) 1.59 (7) 2.468 (3) 174 (7)

Symmetry codes: (i) 1 —x, 1 —y, —z; (iv) —x, —y, =1 — z.

The atomic coordinates of isotypic Fe,;(PO,),(HPO,), (Zhou et al.,
2002) were used as starting values in the final step of the refinement.
H atoms were freely refined and the resulting distances and angles are
listed in Table 2. The highest peak is 1.59 A from the O2 site and the
deepest hole is 0.54 A from the As3 site.

Data collection: COLLECT (Nonius, 2003); cell refinement: HKL
SCALEPACK (Otwinowski & Minor, 1997); data reduction: HKL
DENZO (Otwinowski & Minor, 1997) and SCALEPACK;
program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);
program(s) used to refine structure: SHELXL97 (Sheldrick, 1997);
molecular graphics: ATOMS (Dowty, 1999) and ORTEP-3 for
Windows (Farrugia, 1997); software used to prepare material for
publication: SHELXL.97.
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Supplementary data for this paper are available from the IUCr electronic
archives (Reference: TA1465). Services for accessing these data are
described at the back of the journal.
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