Ge 116

Lab project Weeks 5 and 6: X-Ray Powder Diffraction

Report due Wednesday, February 17, 2010

Continued from previous week
C.   X-Ray Powder Diffraction

Meet in 339 Steele.  Note: We will be in a lab facility, closed-toed shoes are required. We will be using the Haile Group Inel CPS-120 powder diffractometer system equipped with a conventional X-ray source (Cu K().  The x-ray source is usually left in standby mode—40 kV, 10 mA, with a water cooling system left on.

Familiarize yourself with how the machine works, from sample mounting to data collection.  Mount each sample on a “zero background” holder, smearing your sample over about a cm area, and place it on the sample stage.  Connect to the XRD using the X-pert Data Collector, and use it to ramp up the voltage/current to 45 kV/40mA.  

The most recently created collection program for geologists (geo4) is optimal for our purposes.  Using this configuration (2( range: 5( to 75(, 0.01 step size, 10 second dwell time), measure an x-ray diffraction pattern for each of your samples.
When finished, return the machine to standby and sign the logbook.   Email the data files to yourself or bring a memory stick. 

D.  Data Analysis

Now, either on this computer or on the offline computer in the microprobe lab, identify your unknowns.  The X-pert high score software is equipped with a searchable powder diffraction database.  Use the software to subtract the background, eliminate K(2 peaks, match up your unknowns, save the peak list as a text file, and export the raw NaCl and “Unknown 0” data (choose “*.rd” or “*.di” formats, as these are acceptable formats in Celref).
1. NaCl—salt.  NaCl forms crystals that are face-centered-cubic (space group Fm3m).  In a cubic system, lattice constants for each face-edge are equivalent.  (that is, a=b=c, implying (002) =(200) = (020) ).  
a. Knowing this fact, what are the first 6 (hkl) reflections of a cubic system, in increasing 2(  order (or decreasing d-spacing order)?  Index your NaCl spectrum and calculate the lattice parameter from each reflection. 

b. Determine the volume using the program Celref that is installed on the offline computer in the microprobe lab.  A tutorial for refining the unit cell for a phase with monoclinic symmetry can be found at: http://www.ccp14.ac.uk/tutorial/lmgp/celrefc.htm. In addition to inputting the symmetry information, you will need the atomic positions (x,y,z), Na: 0 0 0, Cl: 0.5 0.5 0.5. Report the lattice parameters for this mineral from Celref. What are reasons behind the variation in the values from part (a) and that obtained using Celref?

c. Determine the density of NaCl using the lattice parameter obtained from Celref.

2. Unknown O.  Assign lattice hkl’s to each peak using the information from the reference spectrum. This mineral is one you analyzed earlier this term; it forms crystals with hexagonal symmetry (space group P63/m).  Refine the volume in Celref.  Assuming the chemistry you measured represents that of this powder diffraction pattern, what is the density?
3. Other Unknown(s).  Do more than one mineral make up these unknowns?  How well does your spectrum compare to those in the database? If there are multiple minerals, does this program have the ability to quantify the amounts of each? Are there peaks you have not identified? If so, what are possible contaminants?
4. Bulk Rock.  Using the mineral list as an aid, process this spectrum as you did the unknowns.  Discuss this result and the other unknowns in the context of the strengths and weakness of XRD.
