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223.02 226.03 227.03 261.11 262.11 263.12 262.12
  

1. (2 points)  Quartz glass, SiO2, which is the major component of ordinary sand, melts above 1700 C 
and does not conduct electricity as a solid or when melted.  The most likely crystal type (i.e., ionic, 
metallic, etc.) for SiO2 is  covalent (network). 

 
2. (3 points)  Among the following substances:  HClO4,  K2O,  HCN,  CsOH,  As2O5,  HBr,  C5H5N, 

which one best matches each description? 
 strong base:   CsOH               acidic anhydride:   As2O5               weak acid:   HCN 
 
3. (2 points)  Write a complete, balanced chemical equation to show how aziridine (structure below) 

behaves as a weak base in aqueous solution. 
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4. (5 points)  SHOW ALL WORK.  The element germanium (Ge) crystallizes in a type of cubic unit 

cell that is different from any that we have discussed in class.  The edge dimension of the unit cell is 
565.8 pm (picometers) and the specific gravity of Ge is 5.323.  Determine the number of Ge atoms 
in the unit cell. 

  L  =  (565.8 pm) (10-12 m / pm) (1 cm / 10-2 m)  =  5.658 x 10-8 cm 

  V  =  L3  =  (5.658 x 10-8 cm)3  =  1.811 x 10-22 cm3 

  mass Ge in unit cell  =  (1.811 x 10-22 cm3) (5.323 g/cm3)  =  9.642 x 10-22 g 

  (9.642 x 10-22 g) (1 mole / 72.61 g) (6.022 x 1023 atoms/mole)  =  8 atoms 
 



 

5. (5 points)  Identify each of the following solids by its crystal type (metallic, ionic, etc.). 

 (a)  CaO(s)   ionic    (d)  SiF4(s)   molecular 

 (b)  BN(s)   covalent (network)   (e)  Ca(s)   metallic 

 (c)  CH3OH(s)   molecular   (f)  Kr(s)   non-bonding (atomic) 
 
6. Lakes that have been acidified by acid rain (containing H2SO4 and HNO3) can be neutralized by a 

process called liming, i.e., addition of lime (CaCO3). 
 

(a) (2 points)  Write a balanced net ionic equation for the liming process. 

   2 H+(aq)    +    CaCO3(s)          Ca2+(aq)    +    H2O    +    CO2(g)   
(b) (5 points)  SHOW ALL WORK.  What mass (in kg) of CaCO3 (molar mass = 100.1) is 

required to completely neutralize a 15-billion-liter lake that is 7.5 x 10-6 M in H2SO4 and 2.5 
x 10-5 M in HNO3?    

  moles H+ from H2SO4  =  (15 x 109 L) (7.5 x 10-6 mole H2SO4 / L) 

           x (2 mole H+ / 1 mole H2SO4)  =  2.25 x 105 mole 

  moles H+ from HNO3  =  (15 x 109 L) (2.5 x 10-5 mole HNO3 / L) 

           x (1 mole H+ / 1 mole HNO3)  =  3.75 x 105 mole 

  total mole H+  =  2.25 x 105  +  3.75 x 105  =  6.0 x 105 mole H+ 

  (6.0 x 105 mole H+) (1 mole CaCO3 / 2 mole H+) (100.1 g/mole) (1 kg / 103 g) 

   =  3.0 x 104 kg CaCO3 
 
7. (1 point)  Which solid has the lowest band gap? (circle one) 

  C6H6(s)               Ge(s)               H2O(s)               Al(s)               C(s, graphite)  
 
8. The element molybdenum (Mo) crystallizes in a body-centered cubic lattice in which the edge 

dimension (l) of the unit cell is 0.3141 nm (nanometers).   
 

(a) (2 points)  SHOW ALL WORK.   Determine the atomic radius (r) of Mo in pm (picometers).   
 
  The atoms are in contact along the body diagonal of the cube. 
  In the figure, l = edge dimension of the cube, 
  b = face diagonal, and c = body diagonal. 

   l2  +  b2  =  c2 where:   c = 4 r   and   b = (2)1/2 l 

   l2  +  2 l2  =  (4 r)2 

   3 l2  =  16 r2  r  =  (3)1/2 l / 4 (0.3141 nm)(10-9 m/nm)(1 pm/10-12m) = 314.1 pm 

   so,  r  =  (3)1/2 (314.1 pm) / 4  =  136 pm 
 
(b) (3 points)  SHOW ALL WORK.   Determine the specific gravity of Mo.  (Note: The answer to 

part a is not needed here!)  

  mass of Mo in unit cell  =  (2 atoms) (1 mole / 6.022 x 1023 atoms) (95.94 g/mole) 

   =  3.186 x 10-22 g 

  volume of unit cell  =  l3  =  [(0.3141 nm) (10-9 m/nm) (1 cm / 10-2 m)]3 

   =  3.099 x 10-23 cm3 

  density  =  (3.186 x 10-22 g) (3.099 x 10-23 cm3)  =  10.3 g/cm3 

     specific gravity  =  10.3 
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