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Lab 3
• Atomic Packing 

• Native Elements, Oxides, Hydroxides, and Sulfides

Reference:  Klein, Chapter 2, 8, and 9;  Nesse, Chapter 2, 4, 18, 19 and 20; Wenk and Bulakh, Chapter 2, 24, and 25
Exercise 1.  Atomic packing arrangements in metals

Definitions
Coordination number is the number of spheres (i.e. atoms) surrounding a central sphere (i.e. atom)

In closest packing,  groups of atoms are packed as tightly and efficiently as possible.
(1 pts.) Hexagonal closest packing (HCP): the structure of zinc metal.  Using the styrofoam balls and skewer fragments, construct a HCP arrangement, consisting of at least three layers.  What is the coordination number (C.N.) of the each sphere?  Be sure you can see the hexagonal symmetry.

(1 pts.) Cubic closest packing (CCP): the structure of silver and gold.  Using the styrofoam balls and skewer fragments, construct a CCP arrangement, consisting of at least three layers.  What is the coordination number (C.N.) of the each sphere?  Be sure you can see the cubic symmetry.  

(4pts.) Look at the model with close-packed white spheres (representing anions) and small red and black spheres (representing cations). What is the C.N. of a red sphere? What is the name of this cation site? What is the C.N. of a black sphere? What is the name of this cation site?
(1 pt.) Body centered cubic (BCC): Using XtalDraw, examine the structure of native iron.  What is the C.N. of the central atom?

(1 pt.) Using XralDraw, examine the model of copper.  What packing arrangement does this mineral show? 

Exercise 2. Native elements

(3 pts.) Fill in your observations for the native elements.  Also look up the chemical formulae. Confirm your observations against your textbook or field guide.

	mineral 

(& formula)
	properties

	sulfur
	

	graphite
	

	copper
	


Exercise 3.  Hydroxides

(2 pts.) Brucite somewhat resembles gypsum but usually has a green or blue cast to the crystal.  Its pearly luster on cleavage planes is also distinctive.  Limonite is a powdery mixture of iron oxides and hydroxides, and is composed mainly of the mineral goethite.  Gibbsite and diaspore are also listed in your mineral list but unavailable for our lab. 

	mineral 

(& formula)
	properties

	brucite
	

	goethite
	


Exercise 4. Structures of the common oxides

(1 pt.) Examine the perovskite structure model.  The formula for perovskite is CaTiO3.  The Ti atoms are in octahedral coordination, so what is the C.N. of the Ca?

(1 pt.) Examine the spinel structure model.  The formula for spinel is MgAl2O4.  What is the packing arrangement of the red oxygen atoms (red)? (hint: HCP or CCP?)

(1 pt.) What is the identity and C.N. of the silver colored atoms (Al)?  What is this cation site called?

(1 pt.) What is the identity and C.N. of the orange colored atoms (Mg)? What is this cation site called?

Exercise 5. Common oxides

(8 pt.) Examine the minerals listed below.  Rutile is usually slightly reddish, but not rusty like hematite.  Hematite has a characteristic red-brown streak; some of the minerals listed below may have secondary coatings of hematite which will give false streaks!  Confirm your observations against your textbook or field guide.

	mineral 

(& formula)
	properties

	corundum
	

	hematite
	

	magnetite
	

	pyrolusite
	

	rutile
	

	spinel

Tiny black crystal in a mantle rock (xenolith)
	Please write descriptions in your textbook.

	cuprite
	

	Cassiterite
	


(2 pts.) List at least 3 mineral names and end-member compositions in the spinel group. 
(2 pts.) List at least 2 geological environments where you can find spinel. 

Exercise 6.  Structure and bonding in the common sulfides

Sphalerite and galena differ in composition by the cation present (Zn in sphalerite and Pb in galena).  However, their physical properties are very different.  Fill in the table below to note some of these differences. (12 pts.) 

	
	sphalerite
	galena

	color
	
	

	opacity
	
	

	luster
	
	

	cleavage
	
	

	density
	
	

	hardness
	
	

	other?
	
	


(1 pt.) What do you think is mainly responsible for the difference in physical properties that you observed between these two minerals? (a hint in Chapter 2 of Wenk and Bulakh)
Galena is one of the most common of the sulfides, and it has the same structure as  rocksalt (halite).  This is a very common structure type seen in many sulfides, oxides, and halides.  

(2 pts.) Using the diagrams below, determine the coordinations for the atoms in sphalerite (ZnS), and galena (PbS).
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	                sphalerite
	galena


	
	C.N. (metal)
	C.N. (sulfur)

	sphalerite
	
	

	galena
	
	


(1 pt.) Given that the ionic radius of sulfur is equal for both minerals, which cation is larger: Zn or Pb?    (sphalerite a = 5.41Å, galena a= 5.936Å)


(2 pt.) Would you expect substantial substitution of Pb into sphalerite or Zn into galena?  Why or why not?


(1 pt.) Which one of the above sulfides has the rock salt structure?

Exercise 7.  Yellow, orange, red sulfides

(7 pts.) Examine the sulfides below.  Pyrrhotite is distinguished by its magnetism.  Pyrite and chalcopyrite are both brassy, but chalcopyrite is greener.  Streak is also useful for distinguishing the two.  Sphalerite has dodecahedral cleavage and a resinous luster; habit is often tetrahedral or octahedral.
	mineral

 (& formula)
	properties

	sphalerite
	

	pyrite
	

	chalcopyrite
	

	pyrrhotite
	

	orpiment
	

	realgar
	

	cinnabar
	


Exercise 8.  Gray, blue, black sulfides

(6 pts.) Examine the minerals below.  Arsenopyrite is quite harder and more silvery-white than the other gray sulfides.  Stibnite has a bladed habit, and cleavage parallel to the length of the blades.  Covellite can be distinguished from bornite by its platy, or foliated habit.  

	mineral 

(& formula)
	properties

	galena
	

	molybdenite
	

	stibnite
	

	arsenopyrite
	

	bornite
	

	covellite
	


Exercise 9.  Mineral Identification

(10 pts.) Identify 5 minerals. Write down distinguishing features for partial credits. 
	
	identity
	how do you know?

	1


	
	

	2


	
	

	3


	
	

	4


	
	

	5


	
	


Mineralogy 306  Fall 2004 

Homework: Graphite vs. Diamond

Due: September 20th, 2006
The structures of two polymorphs (same formula, different structure) of carbon are shown below (and we should have models of both of these as well).
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(2 pts.) Examine the diamond structure drawing.  What is diamond’s crystal system?  What is the C.N. for the carbon atoms?

(2 pts.) Based on Pauling bond strength arguments, is the C-C bond stronger in graphite or in diamond?  Why?


(2 pts.) Based on the graphite structural drawing above, to what crystal system does graphite belong?

(4 pts.) Using the drawing above and your textbook, describe the difference in physical properties such as hardness and cleavage(s) between these two minerals.  What are the uses of each mineral? What makes these minerals so different?
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