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Abstract

The oxidation of simulated lake waters incipiently containing
1078 mol/l Mn2* leads to the formation of a stable phase: -
MnOOH. Because y-MnOOH formed in most natural waters is
of colloidal dimensions this phase will not be detected routinely.
It is postulated that y-MnOOH is the final product of an oxidation
sequence with Mn;O, as intermediate.

1. Introduction

Little seems to be known on the nature of particulate
manganese in lake or sea waters. It has its origin in
weathering processes of rocks and usually enters the
exogenic cycle in the form of the [Mn(H,0)]** ion.
If exposed to air this ion will undergo oxidation. In
the pH range of natural waters MnCQO, controls the
solubility of Mn?*.

We have prepared synthetic lake waters with manga-
nese concentrations of the order of 10~® mol/l and
followed the reactions until a precipitate appeared.
The latter was investigated by means of electron
microscopy, electron diffraction and X-ray diffraction.

2. Experimental

«Duran 50» glass bottles of 10 1 volume were cleaned with conc.
HC], rinsed with diluted HCI, and washed with H,O bidest.

For the solution H,O bidest. was saturated with air. pH adjust-
ment was made with NaHCO,, NaOH or NH,NO,/NH;. To
some of the samples traces of silica (36 mg/l Ludox LS, an amor-
phous SiO, with the specific surface area of 200 m?/g) were added.
Mn?* was then added from a dilute solution of Mn (NQO,),-4H,0.

* Received August 2, 1976
** Prof. Dr. W,Stumm, Swiss Federal Institute of Water Re-
sources and Water Pollution Control (EAWAG), CH-8600
Diibendorf
**% PD Dr.R.Giovanoli, Laboratory of Electron Microscopy,
Institute of Inorganic Chemistry, University of Berne, 3 Freie-
strasse, P. O.B. 140, CH-3000 Berne 9

The starting conditions of some representative experiments are
listed in table 1.

Table 1: Starting conditions for the simulated lake waters

No. [NH,NO;] [NaHCO;] Ludox mlof [Mn(NO;),] pH

M M dil. suspen- M
sion added
1 10-3 107® 8.80
2 107 1 107° 8,82
3 2-1073 1078 8,86
4 2:-10°% 1 1073 8,65
5 2-1073 1078 8,92
6 2-1073 1 10-% 8,99
7 2-1073 5-10-¢ 8,82
8 2:-1072 5-10°¢ 8,78
11 Lake Greifensee water * 5-10°¢ 8.79
16 2-1073 10-® 8,06

* (near Zurich, Switzerland) membrane filtered

The bottles were stored at 20°C in the dark and samples were
taken periodically for the determination of residual soluble Mn?*
(AAS) and of pH. Some experiments lasted for more than a year.
Precipitates collected from the samples were prepared on a carbon
film and investigated in a Siemens Elmiskop and a Hitachi HU-
12 A electron microscope. For X-ray diffraction the sample was
dried and exposed for ca. 3-8 hours, using monochromatic Fe
and Mo radiation, in a focusing Guinier-de Wolff camera. Of
some molybdenum patterns a densitometer trace was produced
for easier evaluation.

3. Results

A few representative examples of the time dependence
of Mn?* removal from solution are given in fig. 1.

While in some samples Mn?* was removed from the
solution rather fast (7,8,9), in other samples a delayed
reaction was observed (16). Expecially in the presence












