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[bookmark: _GoBack]In this exercise, we will use the polyhedral model kits and instructions at http://chemistry.beloit.edu/edetc/pmks/index.html to learn about the structures of phyllosilicates or sheet silicates.  Initially, you will work in groups of three and we will reorganize/reassign groups later. 

Our goals are to understand 1) how the different tetrahedral and octahedral stacking orders create different minerals, 2) how chemical bonding is different in these different structures, 3) how the mineral structures and bond types relate to physical properties, and 4) how trioctahedral and dioctahedral phyllosilicates are different.












Dioctahedral Minerals Group

1. Following the instructions on the website, build gibbsite.

What is the chemical formula?

What element is at the center of the octahedron? 

What is its charge?

What elements are at the corner of the octahedra?

How many octahedra does each OH- bond with?

How many OH- bond to each octahedron?

Why isn’t this mineral a phyllosilicate?


2. Using your octahedral sheet, use the website to build kaolinite.

What is the chemical formula?

What element is at the center of the tetraheda?

How many OH- bond to each octahedron?  Where are they? (Be specific.)


Add your T-O sheet to that of the other dioctahedral group to see the repeating structure.
What types of bonds hold the two T-O layers together?


Where is the cleavage?


Would you predict that this a hard mineral or a soft mineral? Why?



3. Now build pyrophyllite 

What is the chemical formula?


How many OH- bond to each octahedron? Where are they?

Add your T-O-T sheet to that of the other dioctahedral group to see the repeating structure.

What types of bonds hold these T-O-T ‘sandwiches’ together?


Where is the cleavage?


4. Now combine with the other dioctahedral group and make muscovite.  

Use styrofoam balls for the K+ ions.  

When you put K+ in the interlayer site, you are adding positive charge to the crystal.  How is that charge accommodated to maintain local charge balance?  If your polyhedra are all consistent color-wise, show the new accommodation you suggest with a different colored polyhedron.



What is the chemical formula?


How is K+ bonded to the T-O-T layers?  Predict which is harder: pyrophyllite or muscovite? Why?  



Where is the cleavage in muscovite? Why?






Trioctahedral Minerals Group

1. Following the instructions on the website, build brucite.

What is the chemical formula?

What element is at the center of the octahedra? 

What is its charge?

What elements are at the corner of the octahedra?

How many octahedra does each OH- bond to?

Why isn’t this mineral a phyllosilicate?


2. Using your octahedral sheet, use the website to build lizardite.  

What is the chemical formula?

What element is at the center of the tetraheda?

How many OH- bond to each octahedron? Where are they? (Be specific.)


Add your T-O sheet to that of the other trioctahedral group to see the repeating structure.
What types of bonds hold the two T-O layers together?

Where is the cleavage?

Would you predict that this a hard mineral or a soft mineral?



3. Now build talc. 

What is the chemical formula?


How many OH- bond to each octahedron? Where are they?


Add your T-O-T sheet to that of the other trioctahedral group to see the repeating structure.

What types of bonds hold these sandwich layers together?



Where is the cleavage?



4. Now combine with the other trioctahedral group and make biotite.  

Use styrofoam balls for the K+ ions.  

When you put K+ in the interlayer site, you are adding positive charge to the crystal.  How is that charge accommodated to maintain local charge balance?  If your polyhedra are still consistent color-wise, show the new accommodation you suggest with a different colored polyhedron.



What is the chemical formula?


How is K+ bonded to the T-O-T layers?  Which is harder, talc or biotite? Why?  



Where is the cleavage in biotite? Why?




















Combined Dioctahedral and Trioctahedral Groups

5. Now you will split into groups with people who have built a different set of phyllosilicate minerals.  Compare and contrast the tri- and dioctahedral structures and answer the following:

What is the difference between dioctahedral sheets and trioctahedral sheets?  Why are they named as they are?  We looked at Mg and Al.  Predict which type of sheet Fe2+ would form?  






The tetrahedral sheets have hexagonal symmetry, but the micas don’t belong to the hexagonal crystal system.  Why not?






Margarite is a phyllosilicate similar to muscovite, but one in which calcium substitutes for potassium in the crystal structure.  What type of substitution must this be?  What is a reasonable chemical formula for margarite, bearing in mind charge balance?  Predict which mineral is harder and explain?  







Compare ball and stick to polyhedral models.  What are advantages of each?
