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CHEMISTRY 17 
Lecture Problem Set 3 

 
 
 
A. Electrochemistry 

 
1. Determine the oxidation number for the element noted in each of the following: 

a. Ga in Ga2O3   c. Pb in PbO2   e. N in NH2
− 

b. Br in KBrO4   d. Mn in K2MnO4  f. I in IO3
− 

 
2. What are the SI units of electrical potential, electric charge, and energy? How are they 

related? 
 

3. A voltaic cell is constructed from the following half-cells: a zinc electrode in zinc sulfate 
solution and a nickel electrode in nickel sulfate solution. Sketch the cell, labeling the anode 

and cathode (and the electrode reactions), and show the direction of electron flow and 
movement of ions. 

 

4. Cadmium reacts spontaneously with copper(II) ion. 
 

Cd(s)  +  Cu2+
(aq)    Cd2+

(aq)  +  Cu(s) 

 
Obtain the half-reactions for this, then describe a voltaic cell using these half-reactions. 
 

5. A silver oxide-zinc cell maintains a fairly constant voltage during discharge (1.60 V). The 
button form of this cell is used in watches, hearing aids, and other electronic devices. The half 
reactions are 

Zn(s)  +  2OH−
(aq)    Zn(OH)2(s)  +  2e− 

Ag2O(s)  +  H2O(l)    2Ag(s)  + 2OH−
(aq) 

 

Identify the anode and the cathode reaction. What is the overall reaction in the cell? 

 
6. Write the cell notation for the voltaic cell with the following half reactions: 

 
Cd(s)    Cd2+

(aq)  +  2e− 
Pb2+

(aq)  +  2e−    Pb(s) 

 
7. Give the notation for a voltaic cell constructed from a hydrogen electrode (cathode) in 1.0 M 

HCl and a nickel electrode (anode) in 1.0 M NiSO4 solution. The electrodes are connected by a 

salt bridge. 
 

8. Write the overall cell reaction for the following voltaic cell: 

 
Fe(s)|Fe2+

(aq)||Ag+
(aq)|Ag(s) 

 

9. Consider the following voltaic cell: 
 

Cd(s)|Cd2+
(aq)||Ni2+

(aq)|Ni(s) 
 

Write the half-cell reactions and the overall reaction. Make a sketch of this cell and label it. 
Include labels showing the anode, cathode, direction of electron and ion flow. 

 

10. Magnesium metal is produced by the electrolysis of molten magnesium chloride using inert 
electrodes. (a) Sketch the cell, label the anode and cathode, indicate the sign of the 
electrodes, and show the direction of electron and ion flow. (b) Write balanced equations for 

the anode, cathode, and overall cell reactions. 

 
 



mrna/4-30-2012 

11. Predict the anode, cathode, and overall cell reactions when an aqueous solution of each of the 
following salts is electrolyzed in a cell having inert electrodes: 

a. NaBr   b. CuCl2   c. LiOH 
 

12. Calculate the standard cell potential for the following reactions: 
a. Sn2+  +  Ni    Sn  +  Ni2+ 

b. Zn  +  2H3O
+    Zn2+  +  H2  +  2H2O 

c. Fe3+  +  Sn    Fe2+  +  Sn2+ 

d. Mg2+  +  Al    Mg  +  Al3+ 
e. PbO2  +  SO4

2−  +  4H3O
+  +  2Hg  +  2Cl−    Hg2Cl2  +  PbSO4  + 6H2O 

 
13. How many grams of silver will be obtained when an aqueous silver nitrate solution is 

electrolyzed for 20.0 min with a constant current of 2.40 A? 

 
14. How many hours are required to produce 1.00 x 103 kg of sodium by the electrolysis of molten 

NaCl with a constant current of 3.00 x 104 A? How many liters of Cl2 at STP will be obtained as 

a by-product? 
 
 

B. Metallurgy and Chemistry of Metals 

 
1. Define mineral, rock, and ore. Is bauxite a mineral or a rock? Explain. 

 

2. Ores are usually metal compounds. What kinds of metal compounds most commonly occur in 
metal ores? 

 

3. What are the basic steps in the production of a pure metal from a natural source? Illustrate 
each step with the preparation of aluminum. 

 
4. Electrolysis is used to obtain some metals from their compounds. List some metals obtained 

this way. 
 

5. Name the following minerals: 

a. Fe2O3 b. TiO2  c. PbS  d. CuFeS2 
 

6. Locate the following metals in the periodic table, and predict whether they are likely to be 

found in nature as oxides, sulfides, or in uncombined form: 
a. Copper b. Palladium c. Zirconium d. Bismuth 

 
7. The following pictures show the electron populations of the bands of MO energy levels for four 

different materials: 
 

 
 

(a) Classify each material as an insulator, a semiconductor, or a metal. 
(b) Arrange the four materials in order of increasing electrical conductivity. Explain. 

(c) Tell whether the conductivity of each material increases or decreases when the 

temperature increases. 
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8. The following picture represents the electron population of the bands of MO energy levels for 
elemental silicon: 

 

 
 

(a) Identify the valence band, conduction band, and band gap. 
(b) In a drawing, show how the electron population changes when the silicon is doped with 

gallium. 
(c) In a drawing, show how the electron population changes when the silicon is doped with 

arsenic. 

(d) Compare the electrical conductivity of the doped silicon samples with that of pure silicon. 
Account for the differences. 

 

9. Ferrochrome, an iron–chromium alloy used to make stainless steel, is produced by reducing 
chromite (FeCr2O4) with coke: 

 
FeCr2O4(s) + 4C(s)         Fe(s)  +   2Cr(s) +  4CO(g) 

 
                     Ferrochrome 

 
a. How many kilograms of chromium can be obtained by the reaction of 236 kg of chromite 

with an excess of coke? 

 

b. How many liters of carbon monoxide at 25oC and 740 mm Hg are obtained as by-product? 
 

10. How does the electrical conductivity of a semiconductor change as the size of the band gap 

increases? Explain. 
 

11. Classify the following semiconductors as n-type or p-type: 

a. Si doped with In  b. Ge doped with Sb  c. Gray Sn doped with As 
 
 
C. Nonmetallic Elements and Their Compounds 

 
1. Identify the Group 4A element that best fits each of the following descriptions: 

a. Prefers the +2 oxidation state 
b. Forms the strongest  bonds 

c. Is the second most abundant element in the earth’s crust 

d. Forms the most acidic oxide 
 

2. Describe the bonding (using the valence bond theory) of the Group 4A atoms of each of the 

following: 
a. CCl4  b. SiF4  c. HCN  d. CH3COOH 

 

3. Predict the geometry of each of the following molecules or ions, and tell which hybrid orbitals 
are used by the central atom: 
a. NO2

−  b. PH3  c. PF5  d. PCl4
+ 
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4. Write a balanced net reaction for each of the following reactions: 
 
a. Zn(s)  +  dilute H2SO4(aq)   
b. BaSO3(s)  +  HCl(aq)   
c. Cu(s)  +  hot, conc H2SO4(l)   

d. H2S(aq)  +  I2(aq)   

 

5. Write the formula for each of the following compounds, and indicate the oxidation state of the 
halogen: 
 

a. Bromic acid 
b. Hypoiodous acid 
c. Sodium chlorite 
d. Potassium metaperiodate 

 
6. Write a balanced net ionic equation for each of the following reactions: 
 

a. Br2(l)  +  cold NaOH(aq)   
b. Cl2(g)  +  cold H2O(l)   

c. Cl(g)  +  hot NaOH(aq)   


