Ge 114a
Homework Exercise 7
Biomineral problem

At times, it is necessary to calculate the density of a mineral from its chemical composition and the volume of its unit cell as obtained from X-ray analysis.  This is particularly true when it is not possible to obtain crystals big enough or pure enough (free from voids, cracks, inclusions of foreign phases, alteration products, etc.) to make the density measurements by conventional methods. This exercise will acquaint you with the method.

In this problem, you are asked to identify and calculate the density of a biomineral that proved impossible to measure directly.  It was porous and had a minor amount of foreign material mixed with it.

It was the shell of a marine organism dredged from more than 2.5 km below the surface of the South Pacific Ocean.

You should be able to identify the mineral from its X-ray diffraction spectrum displayed below
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The main peaks occur at the following 2-Theta values with the associated intensities

	2-Theta   intensity
26.260,     608.48
27.260,     267.27
33.250,     277.70
36.220,     189.36
37.990,     158.75
38.460,     116.50 
38.650,     136.32 
	2-Theta   intensity
42.950,     108.19
46.000,     190.48
48.360,     126.35 
48.470,     128.20 
50.260,     104.83
52.500,     174.20
52.610,     108.51 




I)	XRD Analysis and Identification

Use a sketch to explain how Bragg’s law is derived.

Analyze the unknown sample pattern and identify it using webmineral.com. The X-ray wavelength is Cu Kα. Which peaks did you use to analyze it? Pick 3 peaks and show your calculations to get the d-spacing from the measured 2θ value.

How was your agreement with the reference d-spacings? 
With the relative intensities? 
What might cause discrepancies?

II) 	Density calculation

Reference: F.D. Bloss (1971) Crystallography and Crystal Chemistry: chapter 11 (on the reserve shelf in the Library)

Based on your identification from part I, what are the dimensions of the unit cell? 

Chemical analysis (in wt. %) from electron microprobe analysis of a 12 micrometer homogeneous area on the sample.			    

CO2		43.94 			TiO2             	 0.00 
Al2O3           	 0.03			SiO2           	 0.04
FeO              	 0.00			MnO                	 0.01
MgO                	 0.21			CaO             	55.76
Na2O            	 0.01			K2O                 	 0.03
                                              	 	
                        	

Determine how many formula units of the stoichiometry unit are in a unit cell of this mineral.  This number is known as "Z" (often expressed in a form such as  Z = 12, etc.).  webmineral.com is one place to look.

Based on your identification, which elements are likely another part of another phase (hint: there are 4)?  Re-normalize the analysis to exclude just these impurities and determine the density of this phase. 

[bookmark: _GoBack]Compare your answer to the tabulated value for an inorganic single crystal of the same phase.
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