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Braunite: its structure and relationship to bixbyite, and some insights on the genealogy of
fluorite derivative structures

PAauL B. MOORE AND TAKAHARU ARAKI

Department of the Geophysical Sciences
The University of Chicago
Chicago, Hlincis 60637

Abstract

Braunite, Mn**Mni*SiO,,, @ = 9.408(16). ¢ = 18.668 (32)A, tetragonal holosymmetric,
space group /4,/acd, Z = 8, is a derivative structure of fluorite with ordered anion vacancies.
R = 0.036 (Rw = 0.050) for 511 non-zero reflections.

The structures of cubic and orthorhombic bixbyite («=Mn,0,). braunite. and probably
braunite-1T (Mn?*Mn?;SiO,,). are related according to the space group /bca. The regions in
common include sheets of edge- and corner-linked octahedra (the A und A’ sheets of bixbyite).
Braunites differ in having B sheets in place of the A’ sheets in bixbyite. The B sheets consist of
Mn?~ in cubic coordination. Mn®* in octahedral coordination, and Si** in tetrahedral coordi-
nation with respect to oxygen.

Average polyhedral distances are *Mn(1)2-~0 2.33, *Mn(2)** -0 2.04. *Mn(3)** =0 2.05.
Mn(4)** -0 2.04, and *'Si-O 1.61A. The Mn**O, groups are distorted as a result of Jahn-
Teller effects, forming elongate tetragonal bipvramids which are further distorted by shared
polyhedral edges.

With help from an enumeration theorem, a cooperative lattice game is proposed which
conveniently classifies all structures derived from fluorite.

Introduction dinary braunite. The question then arose as regards
the correct crystal structure, the relationship between
since it was first characterized by Haidinger in th€.: two braunites, .zmd their relationship with bix-
1831. Variously interpreted as (Mn.Si),0,. byite, «-Mn,0,. With .these facts at hapd, we con-
3Mn2*Mn**0,-MnSiO; or 3Mn,0,-MnSiO,. the cluded that the braunite problem required further
study.

We have also explored more deeply the subtle rela-
tion between braunite and bixbyite with the large
family of anion-deficient fluorite derivative struc-
tures. Perhaps the most intriguing part of this study is
not the braunite structure per se, but its relationship
with other equally complex compounds.

Braunite has been a crystal-chemical enigma

problematicsi = wipound has been a center of con-
troversy concernivg the role of silica and the oxida-
tion states of 2 transition metal. Dispute also cen-
tered around iis crvstal class and space group:
Aminoff (1931} proposed the space group /4,/acd
and Bystrém und Mason (1943) proposed /4c2, the
latter study including a crystal structure analysis. In
addition, they concluded that the correct formula was

3Mn,0;-MnSiO,. Those authors also presented an Experimental
account of earlier studies on the species. A single crystal of braunite was selected from a

There the matter stood until de Villiers and Herb-  specimen from St. Marcel, Piedmont, ITtaly, originally
stein (1967) investigated braunites from several local-  from the collection of George L. English (University
ities and concluded from single crystal study that the of Chicago number 1663). Gorgeu (1893) reported
space group was in fact /4,/acd, the group originally  MnO 74.40; O 7.50: Fe,0,, AlL,O, 3.80: CaO 0.50:
proposed by AminofT. A variant of braunite (braun-  MgO. K,0, Na,0 1.00; PbO, CuO 0.15: CoO 0.30:
ite-I1) was also characterized, which required a  BaO trace; H,0 0.20: Si0, 9.80: P,0, 0.05. gangue
doubling of the ¢ axis, a halving of the amount of 2.60 percent for Piedmont material. Accepting the
SiOy, but a space group which was the same as or-  sum of cations = 8 and the sum of O = 2, the
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