Visualizing Low and High Quartz Structures in 3-D
Carol Ormand and Barb Dutrow
Introduction
Cognitive science research breaks spatial problem solving into three key cognitive tasks. One of these is visual comparison. So, if you become adept at visual comparison, you will also get better at solving spatial problems. This exercise is designed to help you develop your visual comparison skills. In this exercise, we will focus on comparing similar, but subtly different, 3-D crystallographic models.  The images shown below are taken from CrystalMaker® software (http://www.crystalmaker.com). They represent models of low-temperature and high-temperature polymorphs of quartz: quartz (298) and quartz (1078). In this exercise, you will examine their similarities and differences and answer select questions.
Looking down the c-axis
As you know, quartz is composed entirely of a 3-D network of silica tetrahedra; it is a tectosilicate. The two images below show the structures of low-temperature quartz (quartz-298, on the left) and high-temperature quartz (quartz-1078, on the right), as seen looking down the c-axis. Before you proceed to the questions, convince yourself that each of the individual geometric shapes in the images represents a tetrahedron. That is, each has four oxygen atoms with a central cation. When the oxygens are linked, a four-sided shape (of which you can see only two of the four triangular faces) with four vertices (you can see all four of these for the tetrahedra “closest” to you) and six edges (you can see only five of these for any specific tetrahedron) results. The intersection of two planes (faces) is an edge, shown with a dark line.
[image: Macintosh HD:Users:cormand:Desktop:qtz298depth.tiff]         [image: Macintosh HD:Users:cormand:Desktop:qtz1078depth.tiff]
Quartz-298 				     Quartz-1078

Both of these models represent a tiny portion of much larger structures, with tetrahedra extending in all directions, repeating the patterns shown here. 
1. Which model image shows more tetrahedra? 

2. How can you tell without actually counting all of the tetrahedra? 


Looking down the b-axis
The two images below show the same two polymorphs of quartz (quartz-298 on the left and quartz-1078 on the right), as seen looking down the b-axis. Spend some time making a one-to-one correspondence in your mind between the tetrahedra in quartz-298 and quartz-1078.  Hint: This may be easiest if you start at one corner of the models and work towards the center. 
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:alignable differences:quartz:qtz298b.tiff]       [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:alignable differences:quartz:qtz1078b.tiff]
Quartz-298 				     Quartz-1078
3. Choose one tetrahedron in quartz-298, and find its corresponding tetrahedron in quartz-1078. To morph quartz-298 to quartz-1078 requires rotation of that tetrahedron. Approximately what angle is required to rotate it (the tetrahedron you chose) to acquire its orientation in quartz-1078? 

4. Look at the other tetrahedra. Do they appear as though they are all rotated different amounts, or is each one rotated through the same angle as all of the others? (This is just an approximation!)



Looking down the a-axis
The two images below show the same two polymorphs, quartz-298 on the left and quartz-1078 on the right, but now looking down the a-axis. 
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:alignable differences:quartz:qtz298a.tiff]        [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:alignable differences:quartz:qtz1078a.tiff]
Quartz-298 				Quartz-1078
5. The tetrahedra in the crystal structures are also rotated relative to one another when viewed from this perspective. Determine the amount of rotation in this view. Is it comparable to, more than, or less than the rotation you can see when looking down the b-axis (as shown in the previous diagrams)? 


Looking down the c-axis, again
The two images below show a single layer of tetrahedra from the same two polymorphs, quartz-298 on the left and quartz-1078 on the right, as viewed down the c-axis. 
[image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:alignable differences:quartz:qtz298.tiff]              [image: Macintosh HD:Users:cormand:Desktop:SERC:Spatial Thinking:Workbook:exercises:Mineralogy:alignable differences:quartz:qtz1078.tiff]
6. Look at the symmetry of the void formed by the tetrahedra. What crystal system would you expect these two polymorphs of quartz to form? When viewed macroscopically, what symmetry might you see? Sketch them here, as viewed down the c-axis. Hint: be sure to look at the spaces between the tetrahedra. 
Quartz-298: 				     Quartz-1078:







7. Fill in the chart, based on the diagrams of crystal structures in this handout: 
	
	Symmetry
	Crystal system

	Quartz-298
	
	

	Quartz-1078
	
	



8. How are the rotations of the tetrahedra in the quartz crystal structure related to the differences in macroscopic symmetry and to the crystal system? 




9. Which polymorph of quartz has the highest symmetry: the high-temperature form or the low-temperature form? 
[bookmark: _GoBack]
10. Would you also expect that to be true in general, for minerals (structures) other than quartz? Why or why not? 
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