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A Simplified Scheme for Polymorphism in the Manganese Dioxides
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Summary

In order to clarify how many MnO, modifications exist, the
author has investigated the cryptocrystalline manganese
dioxides and oxyhydroxides. He finds that only ramsdellite
and pyrolusite (= polianite, 3-MnO,) are true MnO, modifi-
cations, and that the nsutite (y-MnO,) family includes a series
of intergrowth structure varieties. While the nsutite family is
structurally related to the true MnO, modifications, the birnes-
site and the hollandite families are distinctly differing in
structure from one another as well as from ramsdellite, pyro-
lusite and nsutite. A simplified scheme of these compounds,
finally, is proposed.

1. Introduction

There has been much confusion as to how many
modifications of MnO, exist. Not less than 14 greek
signs have been used, namely, a, 8,8, y, 5", y", 6,6, 0",
& M. n', ", 022 In order to relate these products, most
of which ar cryptocristalline, to some fully cristalline
parent structures (mineral species), the author has
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5. The birnessite family

The oxidation of an M(OH), suspension with O,
under certain conditions yields platelets of the analytical
composition Na,Mn,,0,,, 9H,01% This mineral species
(defined by its unit cell) leads to a related but sodium-
free compound of the analytical composition Mn,0,,,
5H,0 when digested in HNO,. Both are relatively well
cristallised and differ distinctly from ramsdellite, pyro-
lusite, the hollandite and the nsutite families.

When occurring in smaller cristallites and especially
when lattice disorder is prevailant, these two mineral
species give rise to another series of possible X-ray
powder patterns. Some of the members of this family
approach, incidentally, the analytical composition
MnO,,. They have been called hitherto “§-MnO,” or
birnessite (after their occurrence in Birness, Scotland 1-13).

As is the case for the nsutite family, the influence of,
(i) cristallite size, (ii) lattice disorder, and (iii) partial
substitution of Mn®* by Mn?* makes it difficult to
recognise particular members of the birnessite family.
None of its varieties, however, is a true MnO, modifica-
tion.
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While disperse Mn,0,3, 5SH,0 as well as disperse
Na,Mn,,0,,, 9H,0 may approach the formal composi-
tion MnO,, (the X-ray powder patterns, then, being
difficult to be recognised and distinguished from one
another), the former is considerably less stable in re-
activity towards, e.g., organic reducing agents, or
thermal decomposition,or when subject to a vacuum 14,

6. Conclusion

All evidence yields that only ramsdellite and pyrolusite
are true modifications of the phase MnO,. There is,
however, a series of varieties (called here the nsutite or
y-MnO, family) of intergrowth structure, and another
series (called here the birnessite family) differing entirely
from the two structures mentioned. The hollandite
family, finally, gives rise to yet more products of the
formal composition close to MnO,; but is, as a family of
inclusion compounds, not a true MnO, modification as
well.

We therefore propose the following simplified scheme
for polymorphism in the manganese dioxides:

True MnO, modifications Nsutite family

(y-MnO,)

Birnessite family
(formerly “8-Mn0O,”)

Hollandite family
(formerly “a-MnO,")

Pyrolusite (8-MnO,) = Polianite.
Stable modification
Rutile type

Structural intergrowth
of pyrolusite in a
ramsdellite matrix or vice versa.

Partial substitution
of Mn** by Mn3* frequent.

Ramsdellite
Metastable modification.
Diaspore type

Na,Mn,,0,,, 9H,0 A,Mn 0, including

and Mn,0,;, 5H,0 K*, Ba?*, Pb?*,

and disperse and disordered varieties. a.s.o. in channels,
and disperse

Partial substitution and disordered varieties

of Mn** by Mn** frequent.
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A comprehensive study will appear in this journal
iater.





