AP Chemistry Study Guide – Chapter 19, Electrochemistry

Students should be able to... 

· Draw and label the components of a galvanic cell. 

· Be able to write half reactions. 

· Classify reactions as oxidations and reductions, and identify oxidizing and reducing agents. 

· Identify the cathode and anode, and what reaction occurs at each 
· Find the cell potential. 

· Build a galvanic cell and measure its potential. (laboratory) 
· Use the Nernst equation to determine free energy and spontaneity of a reaction 
· Relate cell potential to delta G. 
· Write and balance oxidation-reduction reactions, both in acid and basic solution 

· Calculate using Faraday's law

Multiple Choice AP problems (1994)

18. 2 H2O + 4 MnO4¯ + 3 ClO2¯ ---> 4 MnO2 + 3 ClO4¯ + 4 OH¯ 

Which species acts as an oxidizing agent in the reaction represented above?

(A) H2O
(B) ClO4¯
(C) ClO2¯
(D) MnO2
(E) MnO4¯ 

20. . . . Ag+ + . . . AsH3(g) + . . . OH¯ ---> . . . Ag(s) + . . . H3AsO3(aq) + . . . H2O

When the equation above is balanced with lowest whole-number coefficients, the coefficient for OH¯ is

(A) 2
(B) 4
(C) 5
(D) 6
(E) 7 

36. Zn(s) + Cu2+ ---> Zn2+ + Cu(s)

An electrolytic cell based on the reaction represented above was constructed from zinc and copper half-cells. The observed voltage was found to be 1.00 volt instead of the standard cell potential, E°, of 1.10 volts. Which of the following could correctly account for this observation?

(A) The copper electrode was larger than the zinc electrode.
(B) The Zn2+ electrolyte was Zn(NO3)2, while the Cu2+ electrolyte was CuSO4.
(C) The Zn2+ solution was more concentrated than the Cu2+ solution.
(D) The solutions in the half-cells had different volumes.
(E) The salt bridge contained KCl as the electrolyte. 

47. Which of the following has the lowest conductivity?

(A) 0.1 M CuS04
(B) 0.1 M KOH
(C) 0.1 M BaCl2
(D) 0.1 M HF
(E) 0.1 M HNO3 

63R. Which of the following expressions is correct for the maxirnum mass of copper, in grams, that cou1d be plated out by electrolyzing aqueous CuCl2 for 16 hours at a constant current of 3.0 amperes? (1 faraday = 96,500 coulombs)

(A) [(16)(3,600)(3.0)(63.55)(2)] / (96,500)
(B) [(16)(3,600)(3.0)(63.55)] / [(96,500)(2)]
(C) [(16)(3,600)(3.0)(63.55)] / (96,500)
(D) [(16)(60)(3.0)(96,500)(2)] / (63.55)
(E) [(16)(60)(3.0)(96,500)] / [(63.55)(2)] 

75. A direct-current power supply of low voltage (less than 10 volts) has lost the markings that indicate which output terminal is positive and which is negative. A chemist suggests that the power supply terminals be connected to a pair of platinum electrodes that dip into 0.1-molar KI solution. Which of the following correctly identifies the polarities of the power supply terminals?

(A) A gas will be evolved only at the positive electrode.
(B) A gas will be evolved only at the negative electrode.
(C) A brown color will appear in the solution near the negative electrode.
(D) A metal will be deposited on the positive electrode.
(E) None of the methods above will identify the polarities of the power supply terminals. 

Free Response - 1993

7) A galvanic cell is constructed using a chromium electrode in a 1.00 molar solution of Cr(NO3)3 and a copper electrode in a 1.00 molar solution of Cu(NO3)2. Both solutions are at 25°C.

(a) Write a balanced net ionic equation for the spontaneous reaction that occurs as the cell operates. Identify the oxidizing agent and the reducing agent.

(b) A partial diagram of the cell is shown below.
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(i) Which metal is the cathode?

(ii) What additional component is necessary to make the cell operate?

(iii) What function does the component in (ii) serve?

(c) How does the potential of this cell change if the concentration of Cr(NO3)3 is changed to 3.00 molar at 25 °C? Explain.

Multiple Choice Answers:

18. E

20. D

36. C

47. D

63R. B

75. B

Free Response Answer:

7) average = 5.1

a) three points

2 Cr + 3 Cu2+ --> 2 Cr3+ + 3 Cu

Cr = reducing agent; Cu2+ = oxidizing agent


b) three points

i) Cu is cathode
ii) salt bridge
iii) tranfer of ions or charge but not electrons 


c) two points

Nernst equation use

E decreases

Guidelines: 

(c) Le Chatlier type argument okay less spontaneous, less formed rxn, more reverse rxn.

If wrong rxn. written, consistency with incorrect rxn. is required. If wrong rxn. is not a redox reaction, points in (bi) and (c) can only be earned if a detailed explanation accompanies. If rxn does not have both an oxidation and a reduction, then no credit can be earned for agents or cathode.

If in part a, reduction and oxidation are correctly labeled, but agents are not addressed, 1 pt can be earned from the "agent" points.

