Prarn~n.a, Vol. 13, No. 3, September 1979. pp. 293-297, ~) printed in India

Scanning electron microscopic studies on different habits of gel
grown doped manganese carbonate crystals
W FRANKE*, M A ITTYACHEN and K M O H A N A N PILLAI
Department of Physics, University of Kerala, Kariavattom, Trivandrum 695 581
*Institute for Mineralogie, Freie Universitaet Berlin, Takustr. 6, 1000 Berlin 33,
West Germany
MS received 2 April 1979; revised 11 June 1979

Abstract. The effect of impurities on the growth of manganese carbonate crystals
has been studied. Stereophotogrammetric analysis showed that all crystal faces have
the same Miller indices {~10T1}and the peanut-shaped forms are twins with twin
axis 0001.
Keywords. Manganese carbonate; habit modification; twinning; stereophotogrammetric analysis.

1. Introduction
Manganese carbonate is found in nature as the mineral rhodochrosite and the growth
of this crystal under controlled conditions could explain the genesis of the natural
mineral. The crystals of rhodochrosite are often curved (Dana 1958). Growth of
Manganese carbonate crystals in gels were already reported by Pillai and Ittyachen
(1979). Studies on the effect of impurities on the growth of these crystals are
reported here.

2. Experimental procedure
Double diffusion techniques by application of U-tubes were employed. The U-tubes
(20 mm ~ and 150 mm high) were filled with the gel so that the length of the diffusion
column was 150 mm. Silicate gel prepared by mixing sodium silicate solution with
acetic acid (Henisch 1970) was found to be more suitable than agar gel. Solutions of
manganese chloride and ammonium carbonate were then placed in the two limbs of
the U-tube. The manganese carbonate crystals formed were identified by means of
x-ray diffraction.
A series of experiments were performed by employing different concentrations of the
reactants as well as changing pH values. Experiments were also conducted to study
the effect of added impurities on the morphology of the crystals. Ca z÷ and Ni '+÷as
chlorides and acetates were applied.
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3. Observations and discussion

The ideal condition to grow crystals with and without added impurities is at (i) equal
concentration (0.25 M) of reacting solutions (ii) pH above 6-5 (iii) mean temperature
(26-28°C).
Figure 1 shows a typical undoped crystal grown under these conditions. Next to
the acute corner of the rhombohedron 1081 growth layers are observed, the obtuse
corners are absent due to a perfect curvature of the crystal. Twinned and aggregated
crystals were also found.
Experiments were then carried out by adding impurities. Ca 2+ and Ni a+ concentrations in the 10-3 to l0 -1 M range were used. At 10-2 M Ca 2+ impurity levels a
majority of the crystals with plane { 10i1 } faces was formed, but there is a tendency
to form overgrowth layers on some corners (figure 2). When the concentration of
Ca 2+ was increased to 5 × 10-3 M most of the crystals showed a terraced surface
structures (figure 3).
Ni 2+ concentrations of 5 × 10-2 M, and above, caused the growth &peanut-shaped
crystals (figure 4). Crystals with well-developed rhombohedral corner were also
observed (figure 5).
SEM pictures were analysed stereophotogrammetrically according to Ghobarkar
(1977). The analysis showed that all crystal faces have the same Miller indices
{10~1)-. Crystals in figures 4 and 6 exhibit a terrace-like surface structure consisting
of -(101-1) faces, which is due to lineage structure and twinning according to the twinning plane (0001).
Habit modification by impurities has been explained by Buckley (1951)and
Lefever (1971). The effect of impurities on growth tendency of crystals is complex.
The direction of the growth of a layer of atoms on a face depends on the growth
kinetics of the system. This rate of growth in different directions is obviously
controlled by the influence of additive atoms. Difference in growth rate can result
in the change of habits. Impurities adsorbed on the crystal surfaces can act as nuclei
for rapid growth at preferential directions. This results in twinning of crystals (Gilman
1963).

4. Conclusion

Ca 2+ or Ni 2+ concentrations of 10-~M, and above, influence the habit of manganese
carbonate crystals grown in silica gel. All observed crystal forms are bound by the
rhombohedron faces (10il).
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Figure 1.

Figure 2.

Figure 2.

Figure 1. Gel grown manganese carbonate crystal (undoped).
Figure 2. MnCO8 rhombohedron, Ca +a doped, showing a tendency to form over
growth on some comers (10-aM Ca+Z).
Figure 3. Rounded crystals, Ca +a, doped with terrace like surface structure
(5 × 10-~M Ca+a).
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Figure 4.

Figure 5.

Figgre 4. Peanut-shaped, Ni ÷2 doped, MnCOa crystals.
Figure 5. Gel grown MnCO3, Ni÷2---doped, showing the rhombohedron {10-[1}.
Figure 6. Crystal aggregate of gel grown Ni÷2---doped manganese earbo .~te with a
tcu'race-like surface structure due to lineage structure and twinning according to the
twinning plane (0001).
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