EarthSci 421       Mineralogy:  Earth and Planetary Materials

     Fall  2009
Lab Session November 16/18
X-ray Diffraction

Due:  November 23/25

Read before coming to Lab:  

This lab assignment

Review lecture of x-ray diffraction

Read the portion of your textbook that pertains to x-ray diffraction
Review Miller indices.

Do before coming to Lab:
Review your results of your XtalDraw exercise on olivine and the mineral for your project.  Be sure to bring the lattice constants and x-ray diffraction patterns of olivine as a function of fayalite content.

Bring to Lab:
Your textbook 

A pencil or pen

This assignment; paper to write your answers 

You will be provided the x-ray diffraction patterns of olivine and garnet, collected by the mineralogy class from Fall 2007 in Kottman Hall.

Diffraction:
The pattern found in x-ray diffraction describes the symmetry and unit cell dimensions of the crystal through the Bragg Diffraction Law:

nl=2dsin(q)

where n is an integer greater than 0 describing which diffraction order is observed, l is the wavelength of the x-rays used in the experiment, d is the spacing between lattice planes as described by their Miller indices (hkl), and q is the half-angle of diffraction. 

Most data collected for powdered samples only observe n=1.  

Visible Light diffraction:
Set up the laser with each of the two provided meshes perpendicular to the direction of the laser light, projecting the image on a far wall.  Observe and sketch the diffraction pattern on the wall.

Carefully measure the distance between the mesh and the wall, and the distance between diffracted spots.  Using trig, calculate the angle of diffraction, and then the distance between wires in each mesh using Bragg’s Law.  
Distance between planes of atoms, d:

Set up a square lattice of spacing a.  

*Draw several lines through the grid representing (10) and (11) lines.


How far apart are the lattice lines in each case?

*Draw several (hk) lines through the lattice.


Calculate how far apart parallel (hk) lines are.  This is a general representation for the distance between lattice nodes for a square lattice.

*Now do the same for a rectangular lattice of spacing a and b, giving the distance between parallel (10) lines and (11) lines, and generalize for (hk) lines.

*Now consider that crystals are three-dimensional objects.  How does the distance between lattice planes depend on the Miller indices (hkl) for cubic and orthorhombic crystals?

Garnet

Based on the XRF composition of the garnet, estimate from the table below the unit cell edge of the garnet.  

Index the pattern (=assign each peak to an hkl) and determine the lattice constant for garnet.  As a guide, the most intense peak is (420), and the strongest reflections in diffraction tend to be from small values of h, k, and l.  Index all the peaks whose intensity is greater than 10% of the peak intensity.  Solve for the lattice constant (unit cell edge).  How does this compare to your estimate?  Discuss your results comparing the structural and compositional data.

From table 12.1 in Klein:

	Species
	Composition
	Unit Cell Edge (Å)

	Pyrope
	Mg3Al2Si3O12
	11.46

	Almandine
	Fe3Al2Si3O12
	11.53

	Spessartine
	Mn3Al2Si3O12
	11.62

	Grossular
	Ca3Al2Si3O12
	11.85

	Andradite
	Ca3Fe2Si3O12
	12.05

	Uvarovite
	Ca3Cr2Si3O12
	12.00


Olivine
Based on the XRF composition of the olivine, estimate the unit cell edge of the olivine based on your results from the XtalDraw assignment.

Figure out composition from the x-ray diffraction pattern.  Index the pattern (=assign each peak to an hkl) and determine the lattice constants for olivine.  Note, that with three well-chosen peaks, you can write three equations with three unknowns (a, b, and c).  Estimate the iron content of the olivine sample based on your XtalDraw lab. How does this compare to your estimate?  Discuss your results comparing the structural and compositional data.

If you have XRD data for your project, you will need to repeat the above exercise with your own results for your poster.  You do not need to hand this in, but you are welcome to discuss your analysis with Jeff or me, especially if you do this sooner rather than later.

