SOLID STATE
In this assignment, you will be constructing portions of extended three-dimensional crystalline solids that represent the smallest repeat unit (unit cell) of the structure. You will be asked several questions regarding the type of unit cell, the type of packing within the structure, stoichiometry and bonding.

This problem set will be done in groups of 4 divided such that 2 students form “team A” and 2 students form “team B.”  The model kits are a product of the Institute for Chemical Education.

Name ____________________________________
Team Member Names _______________________________________________________________________________

Page references here refer to the manual for the crystal building kit.

A.  Hexagonal close-packing and Cubic close-packing  

Team A builds Hexagonal Close-packing (page 24)

Team B builds Cubic Close-packing (page 25)

1.  What is the difference between the two structures?  Identify the ABAB or ABCABC repeat patterns. Sketch the packing in three dimensions for both structures. 

B.  Cesium Chloride
Team A builds Primitive cubic (page 9)

Team B builds cesium chloride (page 11)

1.  Identify the packing and unit cell for cesium chloride. (Draw a sketch.)

2.  a)  What is the charge on cesium?                      on chlorine?
     b)  Is cesium represented by the large or small spheres?   How did you decide? 
3.   How many ions of each type are in the unit cell?

4.  a) Based on YOUR answer to question 3, what is the chemical formula for cesium 
chloride ?

     b) Based on YOUR answer to part 2 a), what should the chemical formula for cesium 

         chloride be?

5.  What is the coordination number for cesium (how many nearest chloride neighbors does it have)?  What type of hole is the cesium in? 

C.  Rock Salt (Sodium Chloride)
Team A builds NaCl (page 33)

Team B builds NaCl along the body-diagonal (page 32)

The two different structures represent the unit cell and the packing respectively. In this case the packing is cubic close-packing. The large spheres should look identical to what you built for part A.  

1.  Identify the unit cell in each structure. What is it?

2.  Is sodium represented by the large or small spheres? How did you make your decision?

3.  How many ions of each type are in the unit cell?

4.  What is the coordination number of the sodium ions?             Of the chloride ions?
6.  The length of one cell edge of sodium chloride is 5.602 A.


a)  Calculate the radius of the chloride ion. 

b)  Calculate the radius of the sodium ion. 

D. Fluorite and Anti-Fluorite

Team A builds fluorite (page 14)


Team B builds anti-fluorite (page 59, unit cell only)

Fluorite – Calcium Fluoride

1. Identify the unit cell and make a sketch.

2. How many ions of each type are in the unit cell?  What is the charge ratio for this crystal?
3. What ions are represented by the large spheres?  By the small spheres?

Anti-Fluorite – Sodium oxide

4. Identify the unit cell and make a sketch.

5. How many ions of each type are in the unit cell?  What is the charge ratio for this crystal?

6. What ions are represented by the large spheres?  By the small spheres?

E. Zinc Blende and Wurtzite (ZnS)
Team A builds zinc blende (page 49)


Team B builds wurtzite (page 54)

Zinc Blende

1. What is the unit cell defined by the sulfide ions in zinc blende?

2. What close packed structure is defined by the sulfide ions?

3. How many sulfide ions are close to one zinc ion?

4. Do the zinc ions “fit” into tetrahedral holes or octahedral holes?

Wurtzite

5. What is the unit cell defined by the sulfide ions in wurtzite?

6. What close packed structure is defined by the sulfide ions?

7. How many sulfide ions are close to one zinc ion?

8. Do the zinc ions “fit” into tetrahedral holes or octahedral holes?
F. Diamond and Graphite


Team A builds graphite (page 67)


Team B builds diamond (page 23)

Graphite

1. a) What is the molecular geometry around carbon in graphite?

b) What hybridization is reflected in this molecular geometry?  Sketch the hybridized orbitals on one carbon.

2. What types of covalent bonds (sigma or pi) exist between the carbons in one plane of graphite?

3. Are there any bonds or forces that may form between the layers of carbon in graphite?  How would the layers hold themselves together?

Diamond

4. a) What is the molecular geometry around carbon in diamond? 

b) What hybridization is reflected in this geometry?  Sketch the hybridized orbitals on one carbon.

5. What type of covalent bond is between each carbon in diamond? 
6. Are there any obvious planes where diamond would cleave?  Would you expect these planes to break apart easily?  Why or why not?
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