Earthsci 421
       Mineralogy:  Earth and Planetary Materials

     Fall  2009
Lab Session 5 

Exploring Crystal Structures with XtalDraw

Goal:  At the end of this exercise you will be able to use computer-based software to draw crystal structures and visualize symmetries present in minerals.  By varying the way in which atoms or groups of atoms are displayed, you will begin to see how atoms link through bonds.  You will begin to investigate the effects of variable composition on bonding on unit cell parameters.

Read before coming to Lab:  

This lab assignment

Read the portion of your textbook that pertains to lattice planes, Miller indices, and X-ray diffraction.  Review Bravais lattices, unit cells, motifs, and point symmetry.
Do before coming to Lab:
Locate room temperature, 1 atmosphere space group, atom positions, unit cell axis lengths and angles for the mineral you will study for your project.

See your textbook for examples of space groups.  The atom position will most likely be found in The American Mineralogist Crystal Structure Database (AMCSD): http://rruff.geo.arizona.edu/AMS/amcsd.php

If the AMCSD does not have the data, you will need to find it elsewhere. This will almost certainly require a trip to the Geology Library.

Be prepared to hand in a copy of the information along with a properly formatted citation for the original source of your data.  See the assignment for the research project for details.

Bring to Lab:
Your textbook 

A pencil or pen

This assignment; paper to write your answers 

Using software to generate crystal structures helps visualize the structure and make simple calculations.  For this first session, you’ll get used to creating simple structures and practice seeing some aspects of symmetry in these minerals.  You will be using XtalDraw to draw the structure of the mineral you study as part of your independent project.

XtalDraw is free to download from http://www.geo.arizona.edu/xtal/group/software.htm and runs on PC machines.  You may find it useful to get yourself a copy if you want to finish your work at home.

Log into the computer with your user name (lastname.number) and password as provided.

From the Start menu, select Xtaldraw on the left-hand side.

Spend some time exploring the options available in the windows.

Halite

Open the halite data file (File ( Open a data file)

Answer the following:

You see pink and blue atoms.  Think through which atom is Na and which is Cl.  If you click on an atom, it will tell you which atom it is and its coordinates in the unit cell at the bottom of the screen.  Test yourself.

(1) Determine the coordination of Na with Cl.  You may want to show more atoms in the mineral:  View ( Alter Structure Limits.  Play with the different options and see what they do.  Do some trial and error before asking for help.

(2) Determine the Bravais lattice.  What is the motif?  How many motifs per unit cell?

(3) View the following planes  (100), (111), (110)


To do this: View ( View Lattice Plane

For each plane, identify the 2D lattice and rotational point symmetries.  Test yourself with the rotational symmetry:  Rotate the crystal using various options in the View menu.  If you guess you have a 4-fold symmetry, then rotating the crystal 90° should not change your image. 

Stishovite

Display ( Spheres
(1) Ignore the silicon atoms.  What Bravais lattice would the silicon atoms make?  

(2) What symmetry operations can you find about the central Si?

(3) Determine the coordination of Si with O.   That is, how many oxygen atoms surround each silicon atom?

Display ( Polygons
(4) Examine a single polyhedron.  Do you see all the same symmetry operations as in (2)?  More?  Fewer?  Why?

(5) Describe in words what you observe about how the polyhedra link with each other?  (Will need to view more than one unit cell in each direction)

Calcite

(1) Spend some time flipping back and forth between polygons and spheres.  Identify the components of each polyhedron and describe its shape.  Identify the Bravais lattice.

Set the view direction to the (111) face:  

(2) What symmetries do you observe?  Is there a way to combine operations to find symmetries?  Can you guess what they might be?

Olivine
Go to the AMCSD search and search for the mineral “forsterite.”

Download the following three data sets as “*.amc”:

Both datasets from Birle et al (1968). 

T=23C, P=1atm data from Hazen (1976)

For each of the three, determine which proportion of the mineral is forsterite (Mg2SiO4) and which proportion is fayalite (Fe2SiO4).

Come up with an approximate equation for how each lattice constant varies with iron content in the form of:


a= ## + x(Fa%)


b= ## + x(Fa%)

c= ## + x(Fa%)

Where Fa refers to the portion of the olivine that can be represented as Fayalite.  Make sure to make the units of each term clear. 

Calculate x-ray diffraction pattern:  File ( Launch XPow.

Calculate the x-ray diffraction pattern of olivine for 100% forsterite, 90% forsterite and 10% fayalite, and 80% forsterite and 20% fayalite.  For each calculation, go to Edit (View Diffraction Data.  Save this data on your account.  You will need this later for your data analysis of x-ray diffraction data you collect in two weeks.

Your Mineral
Enter in the data for your mineral by either opening the file as downloaded from the AMCSD.

Spend some time looking at your structure.  Find each type of atom.  

(1) Figure out what kind of coordination it has with respect to other atoms.  

(2) Attempt to rationalize your structure with regards to Pauling’s rules.  Does it follow the rules?  Why or why not?

Create a structure drawing of your crystal in such a way to help illustrate the way in which its chemistry or structure is central to your project.  You may choose to represent the structure with polyhedra, single atoms, or a combination.  You may choose to show just a portion of the structure or multiple unit cells.   

(3) Print your structure to hand in.  Be sure to save your work so that you can come back to this for later revision in response to comments from others.  Write a figure caption, and consider adding a legend describing the structure.  Include information on why you chose the representation that you did.

(4) Calculate the x-ray diffraction pattern of your mineral of interest.  Print and save the diffraction pattern with labeled peaks (Image ( Identify Peaks), and print and save a listing of the diffraction data.  Bring this information with you to the XRD lab.

