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Gibbs Free Energy of Formation of Synthetic Cryptomelane*

Raphael Hypdlito**, José Vicente Valarelli**, Rudolf Giovanoli*** and Silvania M. Netto**

Abstract

Cryptomelane with a formal composition of

KolgsMn(()flzl,‘) .Mn%’& 046.00-0.33H,0. was precipitated from a solu-
tion of sulfuric acid containing dissolved manganese sulfate. The
oxidation state of manganese in solution was controlled by bubb-
ling pure oxygen gas through and the pH was raised from 1.00 to
2.90 by addition of KOH.

Measurements of pH and Eh as well as determination of ion activi-
ties in equilibrium with the obtained solid led to a pH = f (Eh) cur-
ve with an inclination corresponding to the synthesis equation:

(0.88K*) +7.84Mn2* + 16.01H0 =

Ko 88Mny 5Mn 59016.00-0-33H0+ 31.36H T + 15.68¢

By Nernst’s equation an E° value was dertermined permitting the
calculation of Gibbs free energy of reaction,

(AGR)39g = 1323.98 + 3.29 KJ-mol™! and formation,

AG?CRYP = - 4482.08 +3.40 KJ-mol™! of synthesized cryptomela-
ne.

1. Introduction

The use of equilibrium diagrams in order to explain
the paragenesis of surface, or near surface formed
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manganese minerals is severely limited by lack of ther-
modynamic data on important constituants e.g. of the
hollandite group: coronadite, cryptomelane and hol-
landite.

These supergene Mn minerals, besides not always sho-
wing stoichiometry, possess a wide range of substitu-
tion: foreign ions and manganese in different oxida-
tion states, explained by structural features of the hol-
landite groupe; cf. fig. 5 in Giovanoli and Balmer [1].
«Tunnels» are formed by four double chains of MnOg
octahedra (Bystrom and Bystrom [2]) allowing the in-
corporation of ions, e.g. NHI, l-°I3O+, K+, Ba2+
and Pb2*. Their radius is ca. 1.54. The stability of
these and most of the other supergene Mn minerals, is
strongly influenced by the pH, Eh, oxygen pressure
and the temperature conditions of the geological sur-
roundings. Besides, the ion concentration, chemical
composition and ionic strength of the supergene solu-
tion will affect their genesis.

The importance of cryptomelane as one of the most
common secondary Mn minerals led to this contribu-
tion about its synthesis under controlled conditions,
considering as well some thermodynamic properties
as deduced from Eh and pH measurements.
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