
Geology 310 Mineralogy
Homework Problem Set 1

August 14, 2014

due 29 Aug 2014

1. We have discussed the classification of minerals on the bases of chemical compo-
sition and crystal structure. Categorize the following minerals on the basis of rock
types in which they occur. Use the categories granite, basalt, schist, marble, amphi-
bolite, shale, sandstone, and limestone.

Minerals: chlorite, quartz, plagioclase, magnetite, calcite, epidote, staurolite, forsterite,
clinopyroxene, kaolinite.

Discuss whether you think this classification scheme is useful or not.

2. Use an energy-level diagram, as shown below for C, to illustrate the ground state
of Mn. You may consider just the valence electrons and represent the filled-shell
electrons as [Ar]; e.g., [Ar] 4s1 3d5.

Ground state of C

2p

2s

[He]

Now construct similar diagrams for Mn2+ and Mn3+, the two common oxidation
states of manganese.

Finally consider Mn2+ in octahedral coordination and construct a similar diagram
with the consideration that the negative charge of the oxygen ions repulses the
electrons in some of the d shells of Mn, thereby increasing the energy levels of
those d shells. Look at the figure below, which shows the effect on the d orbitals of
a transition metal in an octahedral field (Figure 6.8 in Nesse, p126).
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Crystal field splitting. (a) The energy of each of the five d orbitals (dxy , dxz, dyz, dz2 ,
and dx2−y2 ) is all identical in an isolated transition metal cation (left). When placed
in regular octahedral coordination with six anions, the d orbitals are split into two
energy levels with an energy difference = ∆ (right). (b) Orbitals directed toward the
position of the anions (dz2 and dx2−y2 ) are forced to have higher energy because
the negative charges of the anions repel the electrons. Orbitals directed between the
anions (dxy , dxz, and dyz) have lower energy. (c) If incident electromagnetic energy
has energy equal to ∆, it can be absorbed by bumping a lower energy electron into a
vacant higher energy position.

The difference in energy, labeled ∆, is called the crystal-field splitting energy. Many
transition-metal complexes have values of ∆ in the visible part of the spectrum,
which is responsible for the color for many minerals, such as crocoite (Pb plays a
role in the color here, too).

3. The coordination number is determined by the radius ratio rc/ra, in which rc is the
radius of the cation and ra is the radius of the anion. We have discussed 12-fold
coordination, 8-fold coordination, octahedral (6-fold) coordination, and tetrahedral
(4-fold) coordination. Another type of coordination is called square planar in which
the coordinating anions form a square around the central cation. This is not a com-
mon type of coordination in minerals, but it can occur in inorganic compounds. Here
is an example of strontium ferrite, SrFeO2, from a paper by

Y. Tsujimoto, C. Tassel, N. Hayashi, T. Watanabe, H. Kageyama, K. Yoshimura,
M. Takano, M. Ceretti, C. Ritter, and W. Paulus (2007) Infinite-layer iron ox-
ide with a square-planar coordination. Nature 450, 1062–1065.

The infinite-layer compound SrFeO2. Iron, strontium, and oxygen atoms are
represented as yellow, blue, and red spheres, respectively.
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Determine the ideal radius ratio required for square planar coordination.

ra

2r
a

2ra

rc
Be sure to show your work!

4. Consider the minerals halite, NaCl, and calcite, CaCO3. As ionic compounds, they
dissolve readily in H2O, halite much more so than calcite. Figure out the ions that
would be found in aqueous solutions of NaCl and CaCO3. To do this, determine the
valence bond strengths in the compounds. And to do that, you need to know the
coordination numbers of Na+ and Cl− in halite the the coordination of Ca2+, C4+,
and O2− in calcite. You should find that the C–O bond in calcite is much stronger
than the Ca–O bond. For this reason, we think of the anions in calcite as CO2−

3 , an
anion cluster.

5. Stishovite is a form of SiO2 that has the same structure as rutile (the structure of
rutile is shown below). It is found only where the pressure was very high, such as
in meteor craters. What is the coordination number of Si in stishovite? What is the
coordination number in most other silicate minerals, such as olivine? Use Pauling’s
rules to discuss the common coordination of Si and O. Where in Earth would you
possibly find minerals with coordination like that in stishovite?

Structure of rutile, TiO2


