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1. Label the type of titration each graph represents and whether their equivalence point pH 

values would be greater than, equal to, or less than 7. 

               
 WA being titrated by SB: pH > 7  SB being titrated by SA: pH = 7 
 
 

                      
 SA being titrated by SB: pH = 7  WB being titrated by SA: pH < 7 
 

2. What is the solubility (in M; in g/mL) of Cu(OH)2 in water at 25C? Ksp = 1.6  109 and Cu(OH)2 

= 99.4 g/mol. (Write the equilibrium equation when it’s dissolved in water) 
7.32 x 10-5 g/ml 
 

a. What is the pH of saturated Cu(OH)2 in water at 25C? 
Ksp = pH = 11.2 

 

3. Find the molar solubility of Fe(OH)3 in water at 25C. Ksp = 6.0 x 10-38. 
2.17 x 10-10 mol/L (M) 

 

 



 

 

 
a. What is its solubility (in g/L) under the same conditions? (Fe(OH)3 = 106.9 g/mol) 

2.32 x 10-8 g/L 
 

4. What is the Qsp and Ksp in relation to each other for each of the following conditions? 
i. Solution in which precipitation occurs: Qsp > Ksp 

ii. Saturated solution: Qsp = Ksp 
iii. Unsaturated solution: Qsp < Ksp 

 
b. Looking at the Ksp value for Fe(OH)3 in question 3, is Fe(OH)3 a soluble salt or a slightly 

soluble salt? 
Slightly soluble salt 

 
5. Calculate the pH of a saturated solution of Mn(OH)2. Ksp = 4.60 x 10-14 

pH = 9.66  
 

a. Is Mn(OH)2(s) more soluble, less soluble, or equally soluble in a basic solution at 25C? 
Less soluble
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1. Define oxidation and reduction. 

Oxidation: loss of electrons; increase in positive charge 
Reduction: gain of electrons; decrease in positive charge  

 
2. What are the four no-exception oxidation state rules? 

 O for elements 

 1- for F 

 1+ for alkali metals 

 2+ for alkaline earth metals 
 

3. Assign oxidation numbers to the following equation and identify the reducing and oxidizing 
agents. 

Fe2O3 (s) + 2 Al (s)  2 Fe (l) + Al2O3 (s) + heat and light 
Oxidizing agent: Fe2O3 (s) 
Reducing agent: Al (s) 

 
4. **Correction: it’s supposed to be MnO4

- not MnO4-** 
Consider the titration of an acidic solution of Na2C2O4 with KMnO4. MnO4

- is reduced to Mn2+ 
and C2O4

2- is oxidized to CO2. Balance this reaction and find the final net equation. 
 2 MnO4

- (aq) + 16 H+ (aq) + 5 C2O4
2- (aq)  2 Mn2+ + 10 CO2 (g) + 8 H2O (l) 

 
5. Complete and balance the following equation, and identify the oxidizing and reducing agents. 

As2O3 (s) + NO3
- (aq)  H3AsO4 (aq) + N2O3 (aq) (acidic solution) 

 As2O3 (s) + 2 NO3
- (aq) +2 H+ (aq) + 2H2O (l)  2 H3AsO4 (aq) + N2O3 (aq) 

 Oxidizing agent: As2O3(s) 
 Reducing agent: NO3

-(aq)  
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1. The spontaneous movement of electrons is from high potential energy to low potential 

energy.  
2. Draw a generic voltaic cell with a NaNO3 salt bridge, being sure to label the following parts:  

anode, cathode, electrode where reduction occurs, electrode where oxidation occurs, 
direction of electron flow, and the migration of salt bridge ions. 

------- 
 

3. (Problem 20.29) A voltaic cell is constructed. One electrode half-cell consists of a silver strip 
placed in a solution of AgNO3, and the other has an iron strip placed in a solution of FeCl2. The 
overall cell reaction is  

Fe (s) + 2 Ag+ (aq)  Fe2+ (aq) + 2 Ag (s) 
a. What’s being oxidized and what’s being reduced? 

Ag+(aq) is being reduced, Fe(s) being oxidized. 
 

b. Write the half-reactions that occur in the two half-cells? 
Oxidation: Fe (s)  Fe2+ (aq) + 2e- 
Reduction: 2 Ag+ (aq) + 2e-  2 Ag (s) 
 

c. Which electrode is the anode, and which is the cathode? 
Anode: where Fe(s) is being oxidized  
Cathode: where Ag+ is being reduced 
 

d. Indicate the signs of the electrodes. 
Anode: - 
Cathode: + 
 

e. Do electrons flow from the silver electrode to the iron electrode or vice versa? 
From the iron electrode to the silver 
 

f. In which directions do the cations and anions migrate through the solution? 
Cations  cathode 
Anions  anode  

 
 
Practice: 

4. Balance the following equation. 
S (s) + HNO3 (aq)  H2SO3 (aq) + N2O (g) (acidic solution) 

2 S (s) + 2 HNO3 (aq) + H2O  2 H2SO3 (aq) + N2O (g) 
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**Use a table of E°red values to answer questions 1 & 2** 

1. Which of the following are the strongest reducing agents? 

a. Cl2(g) or Br2(l) 

Br-(aq) 

 

b. Zn2+(aq) or Cd2+(aq) 

Zn(s) 

 

2. Which of the following are the strongest oxidizing agents? 

a. Au+(aq) or ClO3
-(aq) 

Au+(aq) 

 

b. H2O2(aq) or O2(g) 

H2O2(aq) 

 

3. The following half reactions have standard reduction potentials given in Appendix E.  

Determine which combination of these half-cell reactions yields the largest positive cell 

potential AND which combination yields the smallest positive cell potential.  What are the 

values of these potentials? 

a. Ag+ (aq) + e- → Ag(s) 

b. Cu2+ (aq) + 2e- → Cu(s) 

c. Ni2+ (aq) + 2e- → Ni(s) 

d. Cr3+ (aq) + 3e- → Cr(s) 

Ag+(aq) reducing and Cr(s) oxidizing would yield the largest positive cell potential.  

Ni2+(aq) reducing and Cu(s) oxidizing would yield the smallest positive cell potential.  

 

4. Construct a voltaic cell for the following reaction: A+ (aq) + B (s)  A (s) + B+ (aq) 
-------- 
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1. Consider the reaction: 

2 Al (s) + 3 Mn2+ (aq)  2 Al3+ (aq) + 3 Mn (s) 
a. Which component is the strongest oxidizing agent? 

Mn2+(aq) 
 

b. Evaluate the reaction’s E°. 
E° = +0.48 V 
 

c. Is this reaction spontaneous under standard conditions? 
Spontaneous  
 

2. Spontaneous reaction for this voltaic cell? Which half-cell is the anode and which is the 
cathode? Direction of current? Standard EMF? 

 
Spontaneous reaction: Ag+ (aq) + Cu (s)  Ag (s) + Cu+ (aq) 
Anode (Cu(s) electrode): Cu (s)  Cu+ (aq) + e- 

Cathode (Ag(s) electrode): Ag+ (aq) + e-  Ag (s) 
Direction of current: from copper electrode to silver electrode 
E° = +0.278 V 

 
3. Balance the following reaction. 

2 NaBr + 1 Cl2  2 NaCl + 1 Br2 (l) 
 

a. How many moles of electrons are transferred for 5 moles of Cl2? 
5 moles of electrons 

 
b. ∆E0 = 0.292 for the reaction above. What is the strongest reducing agent?  

NaBr 
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1. Formulate the spontaneous redox reaction that would occur between Ca2+(aq) and Zn2+(aq). 

Zn2+ (aq) + Ca (s)  Zn (s) + Ca2+ (aq) 
  

a. Calculate this reaction’s E°. 
E° = +2.11 V 

 
b. What is the total standard EMF if three of these galvanic cells were put in a series?  

E°tot = +6.33 V 
 

c. How would we find the wattage produced by this galvanic cell series? 
P = current * cell potential 

 
2. Describe the following types of batteries: primary, secondary, and fuel cell.  

Primary: non-rechargeable 
Secondary: rechargeable  
Fuel cells: convert combustion energy to electrical energy  

 
3. What is the difference between a voltaic cell versus an electrolytic cell? 

Voltaic cells undergo spontaneous reactions; electrolytic cells undergo electrolysis, aka 
nonspontaneous reactions, and require energy. 

 
a. Reaction occurring in this electrolytic cell? Which electrode is the anode and which is 

the cathode? Direction of current? Standard EMF? 

 
 2 Cl- (aq) + 2 Na+ (aq)  Cl2 (g) + 2 Na (l) 
 Anode: 2 Cl- (aq)  Cl2 (g) + 2e- 
 Cathode: 2 Na+ (aq) + 2e-

 2 Na (l) 
 Direction of current: from Cl electrode to Na electrode  
 E° = -4.07 V 
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1. At 25°C, ΔH is –572 kJ/mol for the reaction 2 H2 + O2  2 H2O. Is this reaction likely to be 

spontaneous or non-spontaneous? 
Spontaneous  

2. The enthalpy of vaporization for one mole of Ar gas at -185.7°C is 6.52 kJ/mol. What is the 

entropy change? 

ΔSvap = 74.7 J/K 

3. The normal boiling point of methanol is 64.7oC. Its molar enthalpy of vaporization is ∆Hvap = 

71.8 kJ/mol.  The molecular weight of methanol is 32.04 g/mol. 

a. When gaseous methanol condenses at its normal boiling point, does entropy increase 

or decrease? 

Decrease  

 

b. Calculate the value of ∆S when 33.7 g of methanol gas condenses at normal 

condensation point. 

∆Scondensation = -223.6 J/K 
 

4. The hypothetical substance Z has a melting point of 23°C and a boiling point of 90°C. 

a. For the process Z (g)  Z (l) at 90C and 1.00 atm, Ssys = -55.8 J/K.  What is the value 

of Ssurr? 

Ssurr = +55.8 J/K 

 

b. For the process Z (s)  Z (l) at 30C and 1.00 atm, Ssurr = -88.7 J/K.  What is the value 

of Ssys? 

 Ssys > +88.7 J/K 
 

5. (Sample Exercise 19.3) Predict whether ∆S is positive or negative for each process, assuming 
each occurs at constant temperature.  

a. H2O (l)  H2O (g)   positive 
b. Ag+ (aq) + Cl- (aq)  AgCl (s)  negative 
c. 4 Fe (s) + 3 O2 (g)  2 Fe2O3 (s) negative 
d. N2(g) + O2 (g)  2 NO (g)  cannot determine; will be close to zero  
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1.  

a. Rank the following species from smallest to largest standard entropy at 298 K? 

i. Li(g) 

ii. Mg(g) 

iii. Fe(g) 

iv. Mn(g)  

Li(g) < Mg(g) < Mn(g) < Fe(g) 

 

b. Which of the following species has the largest standard entropy at 298 K? 

i. NH3(aq)  

ii. POCl3(g)   

iii. NH3(g)   

iv. POCl3(l) 

 

2. Answer the following in terms of phase changes and moles present in reaction. 

a. ∆Sreaction < 0 (generally) when 

 (g)  (l) or solution 

 (l) or solution  (s)  

 Decrease in mols of gas 

 

b. ∆Sreaction > 0 (generally) when  

 (l) or soln  (g) 

 (s)  (l) or soln 

 mols of gas increases 

 

3. Entropy increases with mass. 

4. What does the ∆S°reaction look like for the balanced reaction aA + bB  cC + dD? 

∆S°reaction = c S° (C) + d S° (D) - a S° (A) - b S° (B) 

a. Calculate the standard-state entropy of the reaction and explain the sign of each 

value. 

i. 2 NO2(g)  N2O4(g)  S°NO2 = 240.45  S°N2O4 = 304.29 



 

 

S°rxn = -176.6 J/K (decrease in mols of gas) 

ii. N2(g) + O2(g)  2 NO(g) S°N2 = 191.50   S°O2 = 205.0    S°NO = 210.62 

S°rxn = +24.74 J/K (decrease in mols of gas) 

5. The reaction between lime and water is spontaneous at 25°C.  

CaO (s) + H2O (l)  Ca(OH)2 (s) 

a. Which statement below is true? Select all that apply. 

i. ∆Sreaction < 0 

ii. ∆Sreaction > 0 

iii. ∆Suniverse < 0 

iv. ∆Sreaction = -∆Ssurroundings 

v. ∆Suniverse > 0 

 

b. Calculate ∆S°reaction.  

 
S°rxn = -24.7 J/K 

 

c. What can you say about ∆Ssurroundings for this process? 

∆Ssurroundings > +24.7 J/K 

 

 

6. What is the equation for ∆G? How can you determine whether a reaction is spontaneous, 

nonspontaneous, or at equilibrium at a specific temperature based on its ∆G value?  



 

 

∆G = ∆H - T∆S 

 

∆G < 0  spontaneous 

∆G = 0  @ equilibrium 

∆G > 0  nonspontaneous 

 
 


