

Geology 2311:  Mineralogy

Crystal chemistry:  relation to some physical properties.

A.  Coordination.  Because of the relative incompressibility and rigidity of solids as opposed to gases, and from x-ray diffraction, we deduce that crystals must be held together by forces that we term chemical bonds.  The various geometrical arrangements of crystal lattices will be largely determined by the number of anions that can fit around a given cation;  in other words, by the relative sizes of the ions involved.  Ions generally behave as rather rigid spheres, and x-ray studies have determined their actual sizes (expressed as radii).  Calculate the radius ratio for the following cations with oxygen.

Table 1

	Element
	C
	Si
	Al
	Fe 
	Fe 
	Mg
	Ca
	Na
	K
	O

	Valence
	+4
	+4
	+3
	+3
	+2
	+2
	+2
	+1
	+1
	-2

	Pauling Radius Å
	0.15
	0.41
	0.42
	0.691
	0.75
	0.65
	0.99
	1.161
	1.33
	1.40

	Radius Ratio
	
	
	
	
	
	
	
	
	
	



1.  From Shannon Radii

You are supplied with colored foam spheres representing several different sizes of cation and large white spheres (no markings) representing oxygen.  Some of the latter are joined together for convenience in handling.  By experimenting with these spheres, determine how many oxygen ions can be packed around each cation of different size, remembering that the oxygens must all be touching (are bonded to) the cation.  Fill out the following table.

	Model Color
	Radius

cm
	Radius 

Ratio
	C.N.

Found
	C.N.

Predicted
	Probable

cation (from above)
	Valence of cation
	Charge of bond to O

	White

	0.90
	
	
	4
	
	
	

	Black
	1.22
	
	
	4
	
	
	

	Blue
	1.50
	
	
	6
	
	
	

	Yellow
	1.65
	
	
	6
	
	
	

	Black
	2.22
	
	
	8


	
	
	

	White

 with x
	3.05
	
	
	12
	
	
	

	White (oxygen) 

	3.05
	1.00
	
	
	
	
	


B.  For each of the assigned crystal models, list the cations present and opposite each cation give the ionic radius, the radius ratio, the coordination number predicted from this ratio and the actual coordination number observed in the crystal model .

	Model
	Cation
	Ionic Radius
	Radius Ratio 

(to O)
	Coordination Number

	
	
	
	
	Predicted
	Observed

	Olivine
	
	
	
	
	

	
	
	
	
	
	

	Diopside
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Spinel
	
	
	
	
	

	
	
	
	
	
	

	Calcite
	
	
	
	
	

	
	
	
	
	
	

	Muscovite
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Sanidine
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Calcite
(Use CO3, group for CN)

Muscovite  (gold-OH--replaces O at the corners of some of the octohedrons, you do not need to have its radius)

Sanidine (Al and Si are both in tetrahedral sites)

C.  Mineral Structure and properties.

1.  The mineral halite has one of the simplest atomic structures.  The chloride ion has a very large radius, 1.81.  From what you already know from this lab, what would you expect the C.N. of Na+ ions in halite to be with respect to Cl- ions? ________

Look at the lattice model of halite.  Remember that this only shows a tiny sample of the interior of a halite crystal; the ions that make up the surfaces of this model would actually be surrounded by the same numbers of neighbors as those in the interior.  What is the observed C.N. of Na+ in halite?__________________

In how many different directions can you see flat planes of ions in this crystal lattice? (There are probably more than you think.)  This structure is described as cubic;  you can see why.  Do the ions show cubic coordination?  Why or why not?
________________________________________________________________________________________________________________________________________________________________________________

The surfaces of growing crystals of halite, as well as the cleavage planes, are parallel to the planes of atoms.  Crystal faces tend to grow parallel to planes where the atoms are most closely spaced.  In halite, which planes are these?
________________________________________________________________________________________________________________________________________________________________________________ Cleavage occurs most easily along atomic planes between which the bonding is weakest.  If these planes in halite are parallel to the faces of the cube, how many directions of cleavage are there?                           What are the angles between them?______________________ 
2.  Next to oxygen, silicon is the most common element, both by weight and number in the earth's crust.  Because 80% of the atoms in the crust are either O or Si, most common and abundant minerals contain these two elements, and are called silicates.  The Si+4 ion is very small; what is its C.N. with O-2. Most silicate minerals consist largely of a framework of O-Si coordination groups, called tetrahedra, bonded to each other in various ways.   What is the net charge on a SiO4 tetrahedral group?               (This you must remember for life.)

In some minerals, individual SiO4 groups are separately packed in the crystal, bonded to and alternating with various cations such as Mg+2 and Fe+2.  Look back at the olivine structure to see this.  In others, the SiO4 groups share two or more of their oxygens with each other, forming linked Si-O frameworks (we will spend lots of time on this later).

Look again at the crystal model muscovite, an example of a silicate known as a phyllosilicate or sheet silicate.  Find the sheets of Si tetrahedra.  What is the ratio of silicon to oxygen in such a sheet? 

How many oxygens does each Si share with other silicons?                          What is the bond strength (amount of charge) between the Si and each surrounding O?                        In the micas, these Si-O layers are bonded in pairs face-to-face by a layer of Al+3 or Mg+2 or Fe+2 ions.  In muscovite the cation is Al.  What is the C.N. of Al in this muscovite.              What is the name of this type of coordination?                          Note that Al is bonded both to O-2 and OH-.

These sandwich sheets of Si and Al polygons are bonded to each other in muscovite (and other micas) by the large potassium ion, which has a C.N. of                .  What is the strength (amount of charge) of each K-O bond?                    
Where do you think muscovite will cleave most easily?
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
