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Packing of hard spheres and ionic lattices guided inquiry exercise
For each of the cells on this worksheet, be able to do the following.

draw lattice

how many atoms per cell: _____

what is coordination number (CN) of atom: ____

where is hole and what is CN: ____

calculate the % of space filled up by the atoms: _____

For ionic solids, be able to 


draw lattice and count ions in cell

relate to simple lattice


#/CN of cations


#/CN of anions

General principles of ionic solids
•  In a 1:1 compound, make sure the # of atoms/cell is equal for both atom types

•  in a 2:1 compound, make sure that there are twice as many atoms of one type

•  in a 2:1 compound, the CN of the "2" atom is 1/2 the CN of the "1" atom

•  be able to find tetrahedral, octahedral, and cubic holes in the lattices (# and shape)

•  be able to relate the ionic lattices to the simpler packing diagrams (ie, NaCl is a FCC 
array of Cl- with Na+ in all the Oh holes)

•  know which lattices are hexagonal (ie, not cubes!) and what the angles are

simple cubic packing 
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This structure has one atom centered at each corner of the unit cell [cartesian coordinates (0,0,0)] which replicates through space at ± 1 x, ± 1 y, and ± 1 z. An alternative view of this cell is that there is one atom at the exact center (½, ½, ½) that repeats through space at ± x, ± y and ± z.
draw lattice: see diagram. It is easier to draw atoms at a reduced size to better see what is going on, but remember that they are touching along the shortest atom-atom distance. 
how many atoms per cell: 1 atom on each corner, shared among 8 unit cells, so 8·(1/8) = 1 atom. The alternate view of the cell with the atom centered at (½, ½, ½) makes this easier to visualize.
what is CN of atom: each atom is surrounded by 6 other atoms in an octahedral arrangement; there is one atom each at ± x, ± y and ± z for each atom
where is hole and what is CN: the center of the cube is empty; the hole has a ccordination number of 8 and is a cubic hole.
if the side length is r and the atoms touch each other, it is easy to show that the radius of the atom is ½ r. From this we can calculate the % of space filled up by the atoms. The volume of a cube with side length r is r3. The volume of a sphere with radius ½ r is (4/3)(½ r)3 = 0.524 r3. The % of filled space is 52.4 %.
Deriving more complex cells from simpler ones

from the simple cubic cell, what if we filled up the center cubic hole with an atom of the same type? 
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body centered cubic

this lattice is derived from simple cubic, where one atom is at (0, 0, 0) and the other is at (½, ½, ½).

draw lattice


how many atoms per cell: _____


what is CN of atom: ____


where are holes and what are their CN: ____


calculate the % of space filled up by the atoms: _____

Cesium chloride lattice

This is the simplest ionic lattice and it is derived from simple cubic where one atom, Cs, is at (0, 0, 0) and the other, Cl, is at (½, ½, ½). Note that you could switch Cs and Cl as the positions are equivalent. The unit cell contents are 1 Cl in the center an (1/8)·8 Cs’s at corners

draw lattice


relate to simple lattice (SCP of Cl with Cs in the cubic holes)

#/CN of cations


#/CN of anions

We won’t look for holes in an ionic lattice, but be able to derive it from the hard sphere packing structures.
Those are all the structures we will consider that are derived from simple cubic packing.
A closest packed layer of spheres forms a hexagonal array. A second layer is stacked in the hollows formed by the first layer. Putting the next layer on can be done in one of two ways: over the first layer, forming an ABABAB arrangement, or over the unused hollows from the first layer, forming an ABCABC arrangement. This is also shown below.

Insert figure of closest pack array stacks in ABABAB or ABCABC such as that found in Figure 7.2 of Miessler, Fischer and Tarr, 5th ed. or Fig 6.2 of Housecroft and Sharpe, 3rd. Ed.

in closest packing, the coordination number of each atom is 12

insert diagram showing 12-coordinate atoms in metals, for example Fig. 6.3 of Housecroft and Sharpe, 3rd. Ed.

The ABCABC closest packed arrangement can be redrawn as face centered cubic. The ABABAB arrangement is hexagonal closest packing.

face centered cubic (cubic closest packing)


draw lattice


how many atoms per cell


what is CN of atom


where are Td and Oh holes?

Calculate the % of space filled up by the atoms: _____
The next few ionic lattices are derived by filling up some or all of the Td or Oh holes in the CCP lattice.
Rock salt

This lattice comes from a CCP lattice (FCC) of Cl- anions with Na+ cations in every Oh hole

draw lattice


relate to simple lattice (CCP of Cl- with Na+ in Oh holes)

#/CN of cations


#/CN of anions

Fluorite/antifluorite (CaF2/Li2O)
Instead of filling the Oh holes with ions, the Td holes could be filled. Fluorite is a CCP lattice (FCC) of Ca2+ with F- in every Td hole. In antifluorite, the anion forms the lattice and the holes are filled with cations.

draw lattice


relate to simple lattice


#/CN of cations


#/CN of anions

Zinc Blende (ZnS)
Zinc Blende is the most common form of zinc sulfide. The structure comes from a CCP lattice (FCC) of Zn2+ with S2- in every other Td hole. The Zn2+ and S2- ions are in equivalent positions in this structure. Diamond (and silicon) has the Zinc Blende structure, where all positions are carbon atoms.

draw lattice


relate to simple lattice


#/CN of cations


#/CN of anions

The last set of lattices are derived from hexagonal closest packing. In these structures, the -angle is 60° and the -angle is 120°. Drawing the atoms in the cube approximates the structure well, but the angles are not 90°.
hexagonal closest packing

this lattice was derived previously from the ABABAB series of closest packed spheres. The smallest unit cell is a wedge out of the hexagonal lattice. This unit cell has one atom at each corner shared between 8 unit cells. Although there are 2 sets of atoms, the average contribution for this atom is (1/8). There is also one atom wholly contained within the unit cell, but it is not centered.


draw lattice


how many atoms per cell


what is CN of atom


where are holes and what are CN

 
calculate the % of space filled up by the atoms: (must be the same as FCC)

Nickel Arsenide

This structure is derived from HCP by filling all of the Oh holes of As with Ni in all of the Oh 

draw lattice


relate to simple lattice


#/CN of cations


#/CN of anions

Wurtzite (hexagonal ZnS)
This rarer polymorph of zinc sulfide is derived from HCP by filling ½ of the Td holes in the lattice.

draw lattice


relate to simple lattice


#/CN of cations


#/CN of anions


