Using MAGE to Visualize Crystalline Structures


An Introduction





Starting MAGE





Start the MAGE program by double clicking† on the Unit Cell icon.  This will launch the MAGE program and open the unit cell module.  When the welcome window comes up, click on the Proceed button to continue.








The MAGE Display





�


Figure � SEQ Figure \* ARABIC �1�.  The MAGE program displaying the structure of a face-centered cubic unit cell.








The MAGE display (shown in Figure 1) consists of three movable, resizable windows:





1.	the TEXT window - this window contains information about all of the “kinemages” (structures) found in the Unit Cell module.


2.	the CAPTION window (bottom) - this window contains information about the specific structure you are currently viewing.  When you move to a different struture, the CAPTION will change.


3.	the MAGE Graphics window - this window displays the the 3D-rotatable model of the current structure. 


�
Viewing the Contents of a Module (Unit Cell Module)





Read the TEXT window to get an overview of the material contained in the Unit Cell module.  This module focuses on the concept of the unit cell and sharing of atoms between unit cells.





Click on the CAPTION window to bring it to the front.  This will tell you a little bit about the face-centered cubic unit cell that is displayed in the Graphic window. 





Now click on the MAGE Graphics window to bring the graphics display to the front.  Click in the lower half of the Graphics window and drag to rotate the structure in three dimensions.  Clicking and dragging in the upper 1/5th of the Graphics window will rotate the structure in the plane of the screen. 





Move to the next kinemage (an expanded version of the face-centered cubic unit cell) by clicking on the KINEMAGE menu and selecting Next.  The display in the Graphics window and the CAPTION window will both be updated to the next kinemage. 


�





Click on the Corner, Face or Unit Cell control checkboxes on the right hand side of the display.  Notice how part of the display in the Graphics window is selectively turned on or off.  This is useful when viewing structures that contain many different types of atoms.  (The markers, Pickcenter, and zclip options are not useful for these modules.) 





Make sure all parts of the display are on (Unit Cell, Corner, Face, and Unit Cell are all checked).  Now click on the VIEWS menu and select any one of the options, Layers, 3-fold axis, or Side.  The orientation of the structure should change to show an interesting view of the structure. 





Click on the TEXT window to bring it to the front again.  Click on the *{Kinemage 3}* to move to the third kinemage in this module (showing stacking of unit cells).  This technique can be used to quickly move between any of the kinemages in a module. 


�





Click again on the Graphics window to make sure it is in front.  Notice how there are a series of control checkboxes called *Unit Cell, *2 Cells, *3 Cells, etc.  The asterisk (*) in front of each check box means it is one picture in an “animation” series.  View this pseudo-animation by repeatedly clicking on the Animate button at the very bottom of the control checkbox list. 





Continue to work through the rest of the Unit Cell module by viewing each kinemage and reading its associated caption.  When you are done with a module, click on the File menu and select Quit.  Do not try to open a second module while MAGE is viewing another - the program will not work.


�
Close Packing of Spheres (ClosePack Module)





Double click on the ClosePack icon to start MAGE and open the module.  This module displays the two types of three-dimensional structures possible for hard spheres that are “closest-packed”, cubic close packing (ccp) and hexagonal close packing (hcp).  Work through this module as before and answer the following questions.





1.	Why do you think the ABCABC pattern is given the name cubic close packing (also known as face-centered cubic)?  How about the ABABAB pattern (hexagonal close packing)?





2.	Remembering that some (or all) of the atoms in a unit cell are shared between several unit cells (in a cubic cell, corners are shared by eight, faces are shared by two) calculate the total number of atoms per unit cell of cubic close-packed atoms.





3.	Calculate the total number of atoms per unit cell of hexagonal close-packed atoms.  Think about this one, the sharing is more complex than the ccp case.  Also note that the hcp structure in this module contains three unit cells.





When you are done with this module exit MAGE by click on the File/Quit menu.








Holes in Close-Packed and Cubic Lattices (Holes Module)





Double click on the Holes icon to start MAGE and open the module.  This module illustrates the types of “holes”, or spaces between spheres, that are formed by close-packed and simple cubic lattices.





1.	Which type of hole is the largest: octahedral, tetrahedral, or cubic?  Which type is the smallest?





2.	What is the coordination number (CN) for each type of hole?





			octahedral	CN =





			tetrahedral	CN =





			cubic		CN =








Example Ionic Structures:	Filling of Tetrahedral Holes (TetFill)


				Filling of Octahedral Holes (OctFill)





Double click on one of the icons (TetFill or OctFill) and jump to the structure assigned to you by your instructor.


† All references to “double-clicking”, “clicking”, and “dragging” refer to the use of the left mouse button.  The right mouse button serves no function in the MAGE program.








