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a. Consider an ionic compound with composition AB: in which cation A has 4-fold
tetrahedrat coordination. -

i. (6 points) What is the coordination number of B?
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ii. (6 points) From the geometry of the coordination polyhedra that are present in
. this structure, compute the range of the ratios of ionic radii, R+/Rp, for which
) 2Rg= __thisstructure may form.
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b. The packing of ions in the cubic structure of ZnS is shown in the figure below. The
appropriate ionic radii for Zn** and S are 0.60 and 1.84 A, respectively.

i. (6 points) What is the coordination number of Zn**?
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i. (6 pomtS) Zn®* may be regarded as occupying interstices that occur between

the larger close-packed S* ions. What fraction of the total number of available
sites of this type that Zn** occupies are actually occupied?
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ii. (6 points) Compute the length of the edge of the cubic cell for ZnS.
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iv. (6 points) There is a second, different site among the S¥ ions that is not
occupied in this structure. Compute the maximum radius of an ion that could
occupy this site without distortion of the arrangement of the ions in ZnS.
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¢. The two compounds Mg(OH), (brucite) and Al{OH); (Gibbsite) have structures built
from two-dimensional sheets of hydroxyl ions. The hydrogen atom is so small that
OH may be regarded as a spherical ion of charge —1. In both of these structures the
isolated two-dimensional sheets consist of a pair of close-packed OH layers that are
arranged one above the other in close packing. The cations occupy ceriain of the
interstitial sites between the pair of layers. The layers are loosely held together by
weak Van der Waals forces. :

The diagrams shown on the following pages provide a set of circles representing a
first close-packed sheet of OH ifons. Superposed on this (to keep things from
becoming too messy) are a partial set of triangles that connect the centers of the
location of the second layer of OH- ions.

Let us now employ Pauling’s Rules concemning bond strength to deduce the fikely
structures of Mg(OH), and AL(OH); using, in addition, what we know about the
interstices available in close-packed amays and the sharing of elements of
coordination polyhedra in a stable structure.

i. (6 points) Mark on one of the diagrams the location of interstitial sites that are
available. :
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ii. (8 points) For Mg(OH), and then, separately, for Al(OH);, deduce a likely pattem
of site filling and show that Pauling’s Rule for bond strength summation is
satisfied. If some of the available sites of a set of interstices of a particular type
are unfilled, please be sure to indicate that pattern of unoccupied sites. ‘
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