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A

A single crystal of magnussonite, end-member formula unit Mnif [As* Mn'*0,,L,Cly, was
studied in detail by three-dimensiona! X-ray diffractometry. The mineral is cubic, space group
fa3d, Z = 8, ¢ = 19.680(H)A. R = 0.112(R,, = 0.097) for 1373 independent reflections. X-ray
diffraction data to sinf/A = 0.80 (MoK« radiation) were collected on a Pailred diffractometer,
and the structure was solved by Patterson, Fourier, and least-squares refinement techniques.

The structure is an anion-deficient derivative of the fluorite structure type and possesses a

pronounced substructure @' = a/4. The csi’ contains 64 fiuorite cells and the general fluorite-

3

like formula can be written X0 Jos, Z = 8 where [ are ordered vacancies over the anion
2

frame. s underlying principle is a large cluster of composition [Asi*Mn**Q,], where the
oxygens define a polyhedron of point symmetry 3 consisting of 36 edges, 18 vertices, 2
hexagonal faces, 12 triangular faces, and 6 quadrilateral faces. The arsenite oxygens reside on
the periphery, and the central core consists of six As® octahedrally cocrdinated to central
Mn'* with an average bond distance As**-NMn!+ = 2.65A, 0.08A longer than Mn-As = 2.57A
found in the structure of MnAs (nickel arsenide structure type). This unusual structure is
interpreted as satisfying the 18-electron rule with 2 X 6 = 12 electrons donated by the As®*
plus 6 &® electrons from Mn!*. The Cl- ions reside outside the large hexagonal faces of the

oxygen polyhedron. :

The rest of the structure consists of Mn{1)0, distorted cubses, Mn(2)0, distorted squares,
Mn(3)Q, distorted trigonal prisms, and Mn(4)0, distorted octahedra. '

Introduction
Magnussonite is an arsenite mineral originally de-
scribed from the Langban mine in Virmland, Sweden
(Gabrielson, 1956), and subsequently found in geo-
chemically similar environments at Sterling Hill, Sus-

sex County, New Jersey (Frondel, 1961), and the

Brattfors mine, Nordmark in Virmland, Sweden
(Moore, 1970b). It cccurs as granular masses ranging
in color from grass-green, emerald green, bluish-

green, passing into yellowish-green and orange. It is .

optically isotropic (n = 1.980+0.005), with vitreous

luster, fracture conchoidal, har-.iess about 4 on

Mohs scale (Gabriclson, 1956). Locally it is not rare,
and its paragenectic settings suggest that its field of
stability, although confined to busic and reduced con-
ditions, may extend over a considerable temperature
range. _

Earlier study by Mcore (1970b) showed it to be
cubic, space group 7a3d, a = 19.7TA, Z = 32 for the
composition (Mn,Mg,Cu)(AsO,)(CH,Cl). A pro-
nounced fluorite-like subcell was recogni

vized, o' = g/

0003-004X/79/0304-0390802.00

w

4. This property, compounded with a rather complex
cell for such a simple composition, attracted us to the
problem. Many fluorite derivative structures, some of
considerable complexity, have been recently charac-

terized (Moore and Araki, 1976a, 1977). The present.

study not only confirms the fiuorite-related structure
but also affords evidence on the first bona fide ex-

ample of a metal cluster in an oxide matrix for an
inorganic natural product.’

Experimental section

Minerals, unlike synthetic materials, usually have
crystallized in systems where the number of available
components is greater than the end-member compo-
sition would suggest, and magnussonite is no ex-
ception. Therefore, two problems arise: the determi-
nation of the structure type and.the assessment of
mixed cation populations over the non-equivalent
sites in the structure. The three known chemical anal-
yses (Table 1) show that twelve coniponents may play
some role in the structure. Solid solution must oceur
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Table 6, Magnussonite anisotropic thermal vibration parameters

(x16"Y

Atom 811 B2z Bss Biz Bis Bz2s
Ma(l)  0.8010)  8.6(7) =811 0.0 0.0 0.0
Mn(2) 7.6(7) 16.1(14) =811 -0.6(9) -10.4(8) =032
Mn(3) 5.9(4) - 8.5(7) =B22 0.8(5) ~Bi2 -0.6(3)
Mn (4) 5.9(6) =Ry 4.4(4)  -1.5(3) -0.8(4) -B1s
M 13.7(64) - 5.3(44) 50.0(159)  5.9(34) 1.2(46)  19.1(64)
oewW . 21.8(71) =811 26.6(55) -0.7(32)  -8.3(47) =03
As 4.7(23 7.7(2) 7.2(2) 0.0(1) -0.1(1) 1.4(1)
o(1) 5.0(14) 15.0(19) 18.1(20) 2.6(12) -6.3(13)  -2.8(16)
0(2) 3.4(12) 12.7(16)  ©.7(15) = 2.6(11) -2.5(11) -2.1(12)
0{3) 7.0(13)  14.3(17) 6.9(14)  -1.8(12) 2.7(11)  -1.3012)
feoefficients in exp[-(B11h® + Bazk® + muww~,¢ 28yzhk + wwﬁwmm +

2Ra2skR)].
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s, P - 9 = 3% an 2 é'
Table 7, Magnussonite parsmetors for the ellipsoids o vibration

Atom 2 5 Oia 8:b 8ie B, em*h?

Mn(1) 1 0.130(5) 90 0 90 1.47(11)
2 0.140(7) --=not determined ~~-
3 0.140(7) -w=n0t determined ---

Mn(2) 1 0.102(13) 45(%) 68(24) 45(9) 2.05(14
2 0.125(9) 105(37]) 22(24) 1050173
3 0.227(19) 135 20 45

Mn(3) 1 0.104(5) 18(8) 104(5) 76(5) 1.18(8)
2 0.124(6) o0 135 13
3 0.136(6) 108(8) 132(2) 48(2)

Mn (43 1 0.029(6) 76(5) 104(5} 19(8) 0.84(7)
2 0.093(7 135 135 90
3 0.124(6) 13202 43(2) 71(8)

MX 1 meme———ee non positive deLlﬁlLQOQmwmm 4,1(8) .
2  meeceeee- non positive definite------- '
3  memeemee- non positive definite--~---- ;

CaW 1 0.152(4) 56(7) 56(7) 52(143 3.6(8)
2 0.210(4) 35 45 o0
3 0.265(3) 116(9) 116(9) 38(14)

As 1 0.096(2) 4(6) 92(5) 87(4} 1.02(2)
2 0.109(2) 86(6) 50(3) 140(3)
3 0.132(2) 91(2} 40(3) 50(3)

0(1) 1 0.067(18) 22(4) 95(5) - 69(4) 1.97(12)
2 0.162(11) 8€(6) 153(10) 116(10) : :
3 0.210(10) 111{4} 116(10} 35(8)

0(2) 1 0.065(17) 19(6) 100(6) 74(8) 1.34(9)
2 0.132(11) 82(%9) 122(12) 14712
3 0.171(9) 107(5) 146(11) 6111}

0(3) 1 0.091(14) 135(12) 92(7) . 45(13) 1.45(10)
2 1.131(11) 130033 112{11) 132(13)
3 0,172(10) 74(9) 158(11) 76(9)

* = {th principal axis; ¢ = tms amplitude; 84z, ©7p, 64e = angles
(deg) between the <th principal axis end the cell axes a:, a2 and as.

e
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