Drawing Crystal Models using the computer program SHAPE
The software package known as SHAPE provides an excellent method for accurately drawing crystals.  The following describes the basic steps involved in using SHAPE.

GETTING STARTED

The program will be loaded into the computer for you.  You will have activate the program by clicking on Start, choosing Programs and selecting SHAPE.  (On one computer it is called CpSHAPE.)  When it is loaded, you will have a grey screen with a heading that says:

SHAPE for Windows-Standard
You are now ready to begin.

Select File, New
Enter Yes
You may now select a title and a crystal system.  You will enter the name of your crystal here and choose the appropriate crystal system.  Once the crystal system is chosen, you must give the crystal some cell parameters.  You could make them up or actually use true numbers that can be found in your textbook.  (You can tab between the boxes.)  Once you enter your title and system, a new screen appears that asks you to select the crystal class.  The notation is a shortened version of Hermann-Mauguin that can be found on page 194 of your textbook.  You must select one of the crystal classes.

Entering Forms
The next menu is the forms list.  Select Add forms and a box will appear that allows  you to enter the Miller indices of each form you wish to show on your crystal.  Three indices must be entered (one for each h, k, & l) for each form.  If you have chosen the hexagonal system, you will also enter each h, k, and l; you will ignore the i.  (You can tab between boxes.)  For each form you must also enter the Central Distance(CD).  If you do not enter a CD, you will not get a drawing.  Once you have selected all the forms that you wish your crystal to show, hit OK and another box will appear asking you to save the file.  Save it on your own disk.  Type a:\crystal, where crystal is the name of your file.  The next screen will ask you if you wish to calculate your crystal.  Pick yes.  If you have made a closed crystal, it will draw the crystal for you.

Modifying Crystal Drawings:

Identifying a Face

Right click on any face using your mouse and a box will appear in which the Miller Index for the face and the form will appear.

Adjusting the Size of Faces
This option allows you to increase or decrease the relative size of a form on the crystal.  Simply click on any face of a form and a box will appear.    You will see the Miller Index of the face and of the form.  You can also change the CD in this box.  Recalculate after changing the CD.    Increasing the CD results in a decrease in face size, decreasing the CD results in an increase in face size.

Adding a New Form

Select Input1 and then Forms.  A box entitled Forms list will appear.  Select Add Forms and an add/revise form list window will appear.  Enter the Miller Index of your form as well as a CD.  Click OK and it will enter the form.  You must use the Calculate button on the left vertical bar to redraw the crystal.

Deleting a Form
Using the same menu as adding a form, select a form and click on delete.  You must calculate again to redraw the crystal.

Rotating the Crystal

The orientation of the crystal on the screen can be modified using the dialog bar on the left.  You must select replot to get it to redraw.  To return it to the original position, select revert and then calculate.
Exercises:
Cube-Octahedron

The cube {100} and octahedron {111} are common crystal forms on isometric crystals.  In theory if {100} and {111} are present on a crystal, they can occur in any combination of relative development.  (Crystal structure and environmental conditions during crystallization determine which forms occur and how extensively they develop.)  In this exercise, we will examine the appearance of isometric crystals showing a range of relative developments of these two forms.

Draw a Cubo-octahedron

Read the initial directions.  Select cubic system.  Make "a"equal to 2.  Select class m3m (short for 4/m32/m) and click the ok button.  Enter the following Miller indices and central distances:

Cube

1 0 0

1

Octahedron
1 1 1

1.7

Click the OK button.  At this stage you must save your file to the  a drive.  When the computer asks you if you would like to calculate the crystal, click on yes.  The computer will draw your crystal.  The octahedron faces appear as tiny triangles at each corner of the cube.  Note that the 1.7 CD for the {111} was almost too great; if {111} had been spaced further away, say 1.8, the octahedron faces would not have been present at all.

Now redraw the crystal with the following cube-octahedron combinations for CD:

Cube

Octahedron

1

1.4

1

0.6

1

1


Describe each of the drawings in words.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
Find the interfacial angles using the interfacial angle option found in Input1.

(001) ^ (111) =                 

(111) ^ (1-11) =                
Find the symmetry axes:

Use the rotation option on the dialog bar until you have a view directly down a 2-fold, 3-fold and 4-fold axis.    List the Miller indices of the face perpendicular to each of the following axes:

2-fold
                    3-fold                        4-fold  ______________        

[image: image1.wmf]
(To get the back dashed lines to show, go to Input2, Select Line Attributes and select Dashed.)

Pyritohedron

Select New again from the upper menu to start a new drawing.  Choose cubic and enter a = 5.42 Angstroms which is the true cell parameter for pyrite.  Select mb3 (for 2/m3).  Enter the form {102} with CD = 1.0.  Save this file as a:pyrite.  Then have the program calculate. 
Note that you can change color backgrounds, line sizes, add dashed lines for back edges etc. by using Input2 on the upper dialog bar.

The drawing below shows that the cube can occur with the pyritohedron.  Add a cube {100} to the drawing by using the Forms selection from Input1 on the upper bar.  Keeping the {102} CD=1.0, use Shape to find the CD for the cube that will duplicate the cube-pyritohedron drawing below.

{100} Central Distance =               
[image: image2.wmf]
Find the interfacial angle between (001) and (102) by using the interfacial selection from Input1.
(001) ^ (102) =                
Figure 2.3, page 20 of your text shows different external shapes produced by systematic stacking of cubic unit cells.  The cube and pyritohedron are made from stacking these cubes in different ways.  To prove this, compare the interfacial value determined above with the acute angle x shown in the right triangle with sides of one and two (i.e., a face formed by stacking identical cubes in a 2:1 ratio (102)).


[image: image3.wmf]
tan x = 1/2= 0.5


x= tan-1 0.5

x=           
Delete the cube from your drawing.  Add a second pyritohedron with indices {104} and CD=1 to your crystal.  Is the orientation of (104) relative to (102) consistent with stacking of 4 units along a and 1 on c.               (To check this, determine the interfacial angle between (104) and (102).  _______.  This number plus the tan-1 of 1/4  plus (180-tan-1  0.5) should equal 180 degrees.  Does it?  _______.)(The drawing below shows the crystal rotated to provide a side view and the faces extended to intercept the a-axis.)

[image: image4.wmf]
QUARTZ

The development of positive {101} and negative {011} rhombohedra make alpha-quartz (class 32) appear to have 6-fold symmetry.  In most cases, however, the two rhombohedra are not equally developed, thereby revealing the true 3-fold symmetry.  We can examine this situation using SHAPE.  (Note: for hexagonal and trigonal crystals, which normally have indices {hkil}, SHAPE ignores the i index because this value can be calculated in the program.)

Select File and New.  Select trigonal hexagonal symmetry with a = 4.9 and c = 5.4.  Select 32 from the symmetry section.  Enter the following forms and central distances:

1 0 0 

1
(hexagonal prism)

1 0 1  

1
(positive rhombohedron)

0 1 1 

1
(negative rhombohedron)

Draw the crystal using calculate.  What appears is a very hexagonal-looking quartz crystal.  It looks like it has a 6-fold center of symmetry.
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Now change the sizes of the faces using either the forms list or by clicking on the face.

1 0 0
1.0

1 0 1
1.5

0 1 1
1.7

Now redraw the crystal.  Note how the obvious hexagonal symmetry becomes trigonal.

TWINNING

In most cases the relationship between the individuals within a twinned crystal can be described by rotation about a twin axis or reflection across a twin plane.  Both of these operations can be performed using SHAPE.

1.  Twinning by reflection
The Gypsum Fish-tail Twin

The common fish-tail gypsum twin is described as twinned on (100).  This means that the fish-tail contact twins can be generated by reflecting one half of a gypsum crystal across the (100) plane, to generate the twinned crystal.  Using SHAPE, this is operation is performed as follows:

Select File, New, Monoclinic, cell parameters a= 5.68, b= 15.5, c= 6.29, ( = 113.8º, then select 2/m from the symmetry listing.  Enter the following forms and CDs

1 2 0 
1.0

0 1 0
0.5

-1 1 1
1.0

Save as a:/gypsum

2.  To twin the crystal select Twins from the Input1 Menu.  Select Contact with composition planes from the menu.   Choose Add.  From the next menu, select reflection, 180 and enter 1 0 0 for the indecies of the twin plane.    Then select Composition Plane and enter 1 0 0.  Click OK and OK again.  Redraw (using Calculate) the crystal.   Click on Display on the top bar.  Choose to Remove Hidden Lines.  You should then see this:
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Rotate it using SHAPE so that it looks like this:
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2. Twinning by Rotation

Carlsbad Twin

Select File and Open from the menu.  Select Sample2 from the Sample folder.  When you calculate it you will find a drawing of a twinned orthoclase crystal.  Go to the Input1 menu and select Twins.  Delete the twin.  What do you find?  Go back and add the twin back in.  It is twinned on (001) and rotated 180 degrees.  

By now you should be able to use SHAPE quite well.   

You will be assigned one wooden crystal model each.  You must determine the models symmetry, the forms present, and the Miller Indices of the forms.  You will then enter these data into SHAPE and draw your model.  I want you to print that drawing and hand it in.  This should be done independently. 
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