
Exam 4C 
Chem 1142 
Spring 2015 
Name:  
MULTIPLE CHOICE. [3 pts ea.] Choose the best response on the scantron sheet. [66 pts total.] 

Q1. �e second law of thermodynamics states: 
 a) �e entropy of the universe is always decreasing 
 b) �e energy of the universe is a constant 
 c) �e entropy of a perfect crystalline substance at absolute zero is 0 
 d) �e entropy of the universe is always increasing 
 e) �e free energy change for a spontaneous process is positive 

Q2. �e following substance is likely to have the lowest entropy at 25 ºC: 
 a) H2O(l)  b) H2(g) c) F2(g)  d) C6H12O6(s)  e) Na(s) 

Q3. Which of the following processes is likely to have ΔS > 0? 
 a) H2O(l) ! H2O(s)   b) N2H4(l) + O2(g) ! N2(g) + 2H2O(g) 
 c) CH4(g) + 2O2(g) ! CO2(g) + 2H2O(g) d) H2O(g) ! H2O(s) 
 e) Na(l) ! Na(s) 

Q4. A reaction gives o� 1500 J of heat at a temperature of 25 ºC. What is ΔSsurr? 
 a) +60. J/ºC b) –60. J/ºC c) +5.0 J/K d) –5.0 J/K e) 0 

Q5.  For the Gibbs free energy vs. extent of reaction plot below, points A and B correspond to: 

 
 a) A = spontaneous forwards reaction, B = equilibrium 
 b) A = non-spontaneous forward reaction, B = equilibrium 
 c) A = spontaneous reverse reaction, B = spontaneous forwards reaction 
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G
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 d) A = spontaneous reverse reaction, B = spontaneous reverse reaction 
 e) A = non-spontaneous forward reaction, B = spontaneous reverse reaction 

Q6.  Not only does ΔG tell us whether a reaction is spontaneous or not, it is tells us: 
 a) the maximum amount of heat released  b) the maximum amount of useful work 
 c) the maximum amount of temperature produced 
 d) the maximum amount of entropy produced e) the maximum value of the equilibrium constant 

Q7.  For which of the following reactions would ΔGº = ΔGfº (NH3(g))? 
 a) N2(g) + 3H2(g) ! 2NH3(g) b) 2NH3(g) + 3O2(g) ! N2(g) + 6H2O(l) 
 c) N(g) + 3H(g) ! NH3(g) d) ½ N2H6(g) ! NH3(g) 
 e) ½ N2(g) + 3⁄2 H2(g) ! NH3(g) 

Q8.  Which reaction conditions below correspond to a reaction that is spontaneous at low temperature: 
  
Conditions "H "S 

1. +ve +ve 
2. –ve –ve 
3. +ve –ve 
4. –ve +ve 

 
 a) 1 only  b) 2 only c) 4 only  d) 2 and 4 e) 1 and 3 

Q9.  At what temperature will a reaction with "Hº = +3.4 kJ/mol and "Sº = +23 J/mol·K become spontaneous? 
 a) It is always spontaneous  b) It is always non-spontaneous c) 0.15 K 
 d) 150 K    e) 6.8 K 

Q10.  A reaction has ΔGº = –5.0 kJ/mol at a temperature of 25 ºC. �e equilibrium constant at this temperature is: 
 a) 2.5  b) 7.5  c) 240  d) 2.8 × 1010 e) 6.3 × 1088 

Q11.  A reaction has ΔGº = –5.0 kJ/mol at a temperature of 25 ºC. If the reaction is at equilibrium (Q = K), then 
 ΔG is equal to: 
 a) +5.0 kJ/mol b) –5.0 kJ/mol c) 0 kJ/mol d) "H/T e) –"H/T 

Q12.  A chemical reaction has an equilibrium constant of 12.9 at a temperature of 25 ºC. ΔGº for this reaction is: 
 a) –6.34 kJ/mol b) +1.9 kJ/mol c) –63 J/mol d) –5.3 J/mol e) +23 J/K 

Q13.  Which combination of chemical equations below would give rise to an overall equation with a large 
 equilibrium constant? 
 
 i) A + B ! C ΔGº = +3.0 kJ/mol 
 ii) D ! E + F ΔGº = +12.0 kJ/mol 
 iii) G + H ! I + J ΔGº = –9.0 kJ/mol 
 
 a) ii and iii  b) i and ii c) i and iii d) i, ii, and iii 
 e) no combinations of i, ii, and iii will give rise to an overall equation with a large equilibrium constant 

Q14.  What’s the oxidation number of S in S2O6
2–? 

 a) +2  b) +3  c) + 4  d) + 5  e) + 6 

Q15.  In a galvanic cell, electrons �ow from: 
 a) anode to cathode b) electrode to solution c) solution to salt-bridge d) cathode to salt-bridge 
 e) cathode to anode 



Q16.  �e purpose of a salt-bridge in a galvanic cell is: 
 a) to conduct electrons from one solution to the other 
 b) to conduct electrons from the electrodes to the solutions 
 c) to keep the solutions electrically neutral 
 d) to couple with the cell reactions to make them spontaneous 
 e) to prevent the pH of the solutions from changing 

Q17.  Predict the cell voltage produced in the following galvanic cell: 
 
  Pb(s) | Pb2+(aq, 1M) || Ag+(aq, 1M) | Ag(s) 
 
 a) 0.67 V  b) –0.67 V c) 0.93 V d) +1.47 V e) +1.73 V 

Q18.  Using the table of standard reduction potentials on the back page, predict which of the following chemical 
equations will be spontaneous under standard conditions: 
 
 i) 2Ag + Cu2+ ! Cu + 2Ag+ 
 ii) Zn + Cu2+ ! Cu + Zn2+ 
 iii) 2Au + 3Cu2+ ! 3Cu + 2Au3+ 
 
 a) i only  b) ii only c) iii only d) i and ii only e) ii and iii only 

Q19.  A reaction with a large and positive value of ΔGº will have: 
 a) a positive value of Ecell

º as well as a negative equilibrium constant 
 b) a positive value of Ecell

º as well as a small equilibrium constant 
 c)  a positive value of Ecell

º as well as a large equilibrium constant 
 d)  a negative value of Ecell

º as well as a negative equilibrium constant 
 e)  a negative value of Ecell

º as well as a small equilibrium constant 

Q20.  �e cell Zn|Zn2+(aq)||Ag+(aq)|Ag(s) has a cell voltage under standard conditions of Ecell
º. If the concentration 

 of Ag+ ions is reduced to 0.010 M, the cell voltage will become: 
 a) larger  b) smaller c) opposite in sign d) no change e) impossible to predict 

Q21. An electrochemical cell that consumes electrical energy in order to drive an otherwise non-spontaneous 
 reaction is known as: 
 a)  Electrolytic cell b) Voltaic cell c) Battery d) Fuel cell e) Galvanic cell 

Q22.  How many moles of electrons �ow when a current of 30. Amps �ows for 1.0 hour? 
 a) 1.1 mol  b) 1800 mol c) 0.019 mol d) 3.1 × 10–4 mol  e) 30. mol 



Short Response. 
Show ALL work to receive credit. 

Q23.  [9 pts.] Calculate ΔGº, "Hº, "Sº, and K for the following reaction at a temperature of –35 ºC: 
 
 2N2(g) + O2(g) ! 2N2O(g) 
 

Substance "Hºf  (kJ/mol) Sº  (J/mol·K) 

N2(g) 0 191.5 

O2(g) 0 205.0 

N2O(g) 81.6 220.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q24.  [8 pts.] Balance the following redox equation using the half-reaction method: 
 
 Se + Cr(OH)3 ! Cr + SeO3

2– (BASIC conditions) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Q25.  [9 pts.] Calculate Eºcell, Ecell, and K for the following cell at 25 ºC. 
 
 Ni(s)|Ni2+(aq, 0.10 M)||Cr3+(aq, 0.0050 M)|Cr(s) 
 
 Hint: be sure to write out the balanced chemical equation before you calculate Ecell! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Q26.  [8 pts.] Molten Fe2O3 is electrolyzed for 24-hours using a current of 1200 A. Predict the mass of Fe 
 formed. 
 
 
 
 
 
 
 
 
 
 
 



Useful Information 

 



Useful Information 

NA = 6.022 x 1023 mol–1 

Given: ax2 + bx + c, then 

 

x =
"b ± b2 " 4ac

2a
 

Kw = [H3O+][OH–] = 1.0 x 10–14 at 25 °C. 
pH = –log[H3O+]    pH + pOH = 14.00 (at 25 °C) 
KaKb = Kw     R = 8.3145 J/mol·K = 0.08206 L·atm/mol·K 

  
pH = pK a +  log

Base[ ]
Acid[ ]    M1V1 = M2V2 

"G = –nFEcell   "Gº = –nFEºcell  
  
Ecell

o = RT
nF

ln K  

  
Ecell = Ecell

o ! RT
nF

ln Q   Eºcell = Eºcathode – Eºanode F = 96,500 C/mol e– 1 V = 1 J/C 

R = 8.3145 J·mol–1·K–1  Q (charge) = I·t  "G = "H – T"S 
"Ssurr = qsurr/T   "G = "G° + RTlnQ "G° = –RTlnK 

 

 

 
 


