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INGE 4001 – 2nd Semester - 2005 – 2006 – Sections 066 & 076 
Instructor: O. M. Suárez – Grad student: Hermes Calderón 
Mid-Term Exam #1, Thursday February 9, Stéfani S-113 

Maximum time: 1½ hours - Maximum Grade: 20 pts (without bonus). 
Name:       Student Number:  
 

Exercise Nº1 6 pts. 
a) The empty unit cell on the right is base-centered orthorhombic. 

Draw the ]011[  direction.  Then calculate the linear density of this 
direction.  Is this the direction with maximum linear density in a 
base-centered orthorhombic unit cell? Name and draw two more 
directions with identical linear densities.  

 
 
 
 
 
 
 
 
 

b) The empty unit cell on the right is simple tetragonal. Draw the ( )111  
plane.  What is the coordination number of the central interstice? What 
is the coordination number of each atom? 

 
 
 
 
 
 
 
 

 
 

c) Give the Miller indices all crystallographic directions planes shown in the next pictures.  On the 
empty cubes draw the [ ]201  direction and the )124(  plane.  
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Exercise Nº2 5 pts 
Tin (Z=50, A=118.711) has been used as a solder alloy component for many years. At about 13ºC, gray tin 
(α-Sn) undergoes a phase transformation to white tin (β-Sn).  
α-Sn has a diamond cubic structure (like C and Si) with lattice parameter: a = 0.649 nm. β-Sn has a body-
centered tetragonal structure (BCT) with lattice constants a = 0.583 nm and c = 0.318 nm.  

a) To which important group in the periodic table does tin belong? Give two more examples of 
elements in the same group 

b) Sketch the hybridization of α-Sn using the orbital boxes. 
c) Calculate the theoretical density of the two phases in g/cm3. 
d) Calculate the % volume change upon cooling, i.e. when Sn goes from β to α. Does it expand or 

contract? 
e) What is the coordination number of any Sn atom in α-Sn? 

Bonus (2pts.): Calculate the APF of β-Sn, knowing that rSn=0.145nm 
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Exercise Nº3 5 pts 
 
Boron tri-iodide BI3 is a compound used in neutron detectors. 
The basic molecule is shown in perspective (angles between 
bonds are 120ºC).  Boron atomic number is Z=5 and iodine, 
Z=53. Boron electronegativity is 2.04 and iodine, 2.66. Respond 
to the following requests: 

a) Write the electronic configuration of both elements in 
their ground state. 

b) What type of bond does BI3 have? Why? Do you think 
this compound may have a mixed bond? If yes, what is 
the other bond type? Is it large or small? Why? 

c) Is the boron atom hybridized? Explain using Hunds’ rule. 
d) Is this a polar molecule? Why or why not? 
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Exercise Nº4  4 pts. 
The following questions may or may not be related to each other: 

a) Demonstrate that in an ideal HCP structure c = 2· 2
3 ·a. 

b) Using your knowledge of vacancies explain why volume density is also called theoretical density 
(three sentences).  

c) Explain the delocalization of electrons in metallic bonds and how that affects the electrical 
properties of metals (three sentences).  What is different in ionic conductors? 

d) Demonstrate that the planar density of (0002) plane in an HCP unit cell is the same as the planar 
density of )111(  plane in an FCC cell (assume that the atomic radius is the same in both cases). 

Bonus (1 pt.): Describe the formation of sulfur crosslinks in the vulcanization of natural rubber (4 
sentences). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
















