Ch 20 Review                                                                                         Gupta


Review for Chapter 20                                   
AP Chemistry

Essential Questions: You should be able to answer the following essential learning questions at the end of the Chapter.

· How do you identify oxidation reduction reactions?

· How do you balance redox reactions using the half- reaction method?

· What is cell potential and how do you measure it?

· How is a voltaic cell set-up? How is a voltaic cell different from electrolytic cell?
· What is Nernst equation used for? How is the Nernst equation used in redox different than the Nernst equation used in thermodynamics?
· Your own question (s)….

Connections to the real-world and other Chemistry Units

· Give two examples of real-life situations where knowing redox helps you.
· Nernst equation is used in both Thermodynamics and Redox chapters.
Level 1 Problems: Ch 20 Problem Set #3 a, b, 10 b, 14, 20, 24, 32 a,b, 35, 41, 44, 65, 73,
Level 2 and 3 Problems:

1. A voltaic cell employs the reaction:

Sn(s)  +  2Ag+(aq)  ----->  Sn2+(aq)  +  2Ag(s)
The voltage of this cell under standard state conditions (at 25oC) would be:

(a)  1.74 volts
     (b)  1.46 volts
(e)  0.52 volts       (c)  0.94 volts  (d)  0.66 volts

2. A voltaic cell has an Eo of 1.56 volts and an overall reaction of:


Zn(s)  +  2Ag+(aq)  <----->  Zn2+(aq)  +  2Ag(s)
The [Zn2+] is 0.00010M and the [Ag+] is 0.10M. What is the voltage, E, of this cell?


(a)  +1.65 volts
(d) +1.50 volts


(b)  +1.62 volts
(e) +1.47 volts


(c)  +1.56 volts

3.  Br2 + 2 Fe2+(aq) ( 2 Br-(aq) + 2 Fe3+(aq)
For the reaction above, the following data are available:

2 Br-(aq) ( Br2(l) + 2e-
E° =
-1.07 volts

Fe2+(aq) ( Fe3+(aq) + e-
E°  =
-0.77 volts

S°, cal/mole.K 


Br2(l)
58.6


Fe2+(aq)
-27.1


Br-(aq)
19.6


Fe3+(aq)
-70.1

 (a) Determine (S°
(b) Determine ΔG°


(c) Determine ΔH°


Answer
(a)
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= [(19.6)(2)+(-70.1)(2)]-[58.6+(-27.1)(2)] cal


= -105.4 cal

(b)
ΔG° = -n(E° = -(2)(23060cal/v)(0.30v) = -13800 cal.

(c)
ΔG° = ΔH° - TΔS° ; ΔH° = ΔG° + TΔS°

= -13800 + (298)(-105.4) = -45.4 kcal 


4. Sn + 2 Ag+ ( Sn2+ + 2 Ag

(a)
Calculate the standard voltage of a cell involving the system above.

(b)
What is the equilibrium constant for the system above?

(c)
Calculate the voltage at 25C of a cell involving the system above when the concentration of Ag+ is 0.0010 molar and that of Sn2+ is 0.20 molar.

Answer:

(a)
E° = [0.80v - (-0.14v)] = 0.94v

(b)
E = 
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5. A steady current of 1.00 ampere is passed through an electrolytic cell containing a 1 molar solution of AgNO3 and having a silver anode and a platinum cathode until 1.54 grams of silver is deposited. 

(a)
How long does the current flow to obtain this deposit?

(b)
What weight of chromium would be deposited in a second cell containing 1–molar chromium(III) nitrate and having a chromium anode and a platinum cathode by the same current in the same time as was used in the silver cell?

(c)
If both electrodes were platinum in this second cell, what volume of O2 gas measured at standard temperature and pressure would be released at the anode while the chromium is being deposited at the cathode? The current and the time are the same as in (b)

Answer:

(a)
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(b)
1.54 g Ag 
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(c)
2 H2O ( O2 + 4 H+ + 4e-

(d)
1.54 g Ag 
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6. (a)
Calculate the value of ΔG° for the standard cell reaction

Zn + Cu2+(1M) ( Zn2+(1M) + Cu

(b)
One half cell of an electrochemical cell is made by placing a strip of pure zinc in 500 milliliters of 0.10 molar ZnCl2 solution. The other half cell is made by placing a strip of pure copper in 500 milliliters of 0.010 molar Cu(NO3)2 solution. Calculate the initial voltage of this cell when the two half cells are joined by a salt bridge and the two metal strips are joined by a wire.

 (c)
Calculate the final concentration of copper ion, Cu2+, in the cell described in part (b) if the cell were allowed to produce an average current of 1.0 ampere for 3 minutes 13 seconds.

Answer:

(a)
E° = 0.76 + 0.34 = 1.10 volts


ΔG° = -nFE = - (2)(23.06kcal/v)(1.10v) = -50.7 kcal

(b)
E = E˚ - 
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 (c)
(1.0 amp)(193 sec.)(1 farad./96500 coul) = 0.0020 faraday


0.0020 faraday/2 = 0.0010 mol Cu2+ reduced


(0.0050 - 0.0010) mol = 0.0040 mol Cu2+ remaining


0.0040 mol / 0.500 L = 0.0080 M final [Cu2+]

Problems from AP Test

2008 A
7. Answer the following questions related to chemical reactions involving nitrogen monoxide, NO(g). 

The reaction between solid copper and nitric acid to form copper(II) ion, nitrogen monoxide gas, and water is represented by the following equation.

3 Cu(s) + 2 NO3-(aq) + 8 H+(aq) ( 3 Cu2+(aq) + 2 NO(g) + 4 H2O(l)
E˚ = +0.62 V

(a)
Using the information above and in the table below, calculate the standard reduction potential, E˚, for the reduction of NO3- in acidic solution.
	Half-Reaction
	Standard Reduction Potential, E0

	Cu2+(aq) + 2 e- ( Cu(s)
	+0.34 V

	NO3-(aq) + 4 H+(aq) + 3 e- ( NO(g) + 2 H2O(l)
	?


(b)
Calculate the value of the standard free energy change, ∆G˚, for the overall reaction between solid copper and nitric acid. 

(c)
Predict whether the value of the standard entropy change, ∆S˚, for the overall reaction is greater than 0, less than 0, or equal to 0. Justify your prediction. 

Nitrogen monoxide gas, a product of the reaction above, can react with oxygen to produce nitrogen dioxide gas, as represented below. 

2 NO(g) + O2(g) (  2 NO2(g)
	Experiment
	Initial Concentration of NO (mol L-1)
	Initial Concentration of O2 (mol L-1)
	Initial Rate of Formation of NO2 (mol L-1 s-l)

	1
	0.0200
	0.0300
	8.52 ( 10-2

	2
	0.0200
	0.0900
	2.56 ( 10-1

	3
	0.0600
	0.0300
	7.67 ( 10-1


(d)
Determine the order of the reaction with respect to each of the following reactants. Give details of your reasoning, clearly explaining or showing how you arrived at your answers. 

(i)
NO 

(ii)
O2 

(e)
Write the expression for the rate law for the reaction as determined from the experimental data. 

(f)
Determine the value of the rate constant for the reaction, clearly indicating the units. 

Answer:

(a)
X + (-0.34V) = +0.62 V; X = +0.96 V

(b)
∆G˚ = –n(E˚ = -(6)(96500)(0.62) = -358980 J = -360 kJ

(c)
greater than 0; solid copper is changing to an aqueous ion, an increase in entropy and aqueous nitrate is changing into a gas, also and increase in entropy.

(d)
(i) second order with respect to NO; using experiments 1 & 3, 
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(ii) first order with respect to O2; using experiments 1 & 2, 
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(e)
rate = k [NO]2[O2]

(f)
0.0852 mol L-1s-1 = k (0.200 mol L-1)2(0.0300 mol L-1)


k = 7100 L2 mol-2s-1
2001 D
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8. Answer the following questions that refer to the galvanic cell shown in the diagram above. (A table of standard reduction potentials is printed on the green insert and on page 4 of the booklet with the pink cover.)

(a)
Identify the anode of the cell and write the half reaction that occurs there.

(b)
Write the net ionic equation for the overall reaction that occurs as the cell operates and calculate the value of the standard cell potential, E(cell .

(c)
Indicate how the value of Ecell  would be affected if the concentration of Ni(NO3)2(aq) was changed from 1.0 M to 0.10 M and the concentration of Zn(NO3)2(aq) remained at 1.0 M. Justify your answer.

(d)
Specify whether the value of Keq for the cell reaction is less than 1, greater than 1, or equal to 1. Justify your answer.

Answer:

(a)
zinc; Zn(s)  Zn2+(aq) + 2 e–
(b)
Zn(s) + Ni2+(aq) ( Zn2+(aq) + Ni(s)

E(cell  = +0.76 + (-0.25) V = +0.51 V

(c)
decrease Ecell ; Ecell  = E(cell –  EQ \f(0.0592,2)   log Q,   Q =  EQ \f([Zn2+],[Ni2+]) , when the value of Q becomes larger than 1 then the log Q > 1 and is subtracted from the standard potential of the cell.

(d)
greater than 1. All spontaneous reactions (this reaction is spontaneous because the cell potential is larger than 0) have a Keq that are larger than 1, which favors the formation of products.

[image: image15.wmf]
9. An external direct-current power supply is connected to two platinum electrodes immersed in a beaker containing 1.0 M CuSO4(aq) at 25˚C, as shown in the diagram above. As the cell operates, copper metal is deposited onto one electrode and O2(g) is produced at the other electrode. The two reduction half-reactions for the overall reaction that occurs in the cell are shown in the table below.

	Half-Reaction
	E0(V)

	O2(g) + 4 H+(aq) + 4 e- ( 2 H2O(l)
	+1.23

	Cu2+(aq) + 2 e- ( Cu(s)
	+0.34


(a)
On the diagram, indicate the direction of electron flow in the wire.

(b)
Write a balanced net ionic equation for the electrolysis reaction that occurs in the cell.

(c)
Predict the algebraic sign of ∆G˚ for the reaction. Justify your prediction.

(d)
Calculate the value of ∆G˚ for the reaction.

An electric current of 1.50 amps passes through the cell for 40.0 minutes.
(e)
Calculate the mass, in grams, of the Cu(s) that is deposited on the electrode.

(f)
Calculate the dry volume, in liters measured at 25˚C and 1.16 atm, of the O2(g) that is produced.

Answer:

(a)
from the right to the left

(b)
2 Cu2+(aq) + 2 H2O(l) ( 2 Cu(s) + O2(g) + 4 H+(aq)
(c)
+, a non-spontaneous reaction that requires the input of energy to take place

(d)
E˚ = +0.34v + (–1.23v) = –0.89v;  ∆G˚ = –n(E˚ = –(4)(96500)(–0.89) = 343540 J = 340 kJ

(e)
(1.50 amps)(2400 sec) = 3600 coul.; 3600 coul. ( 
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(f)
1.19 g Cu = 0.187 mol Cu; using a 2:1 ratio from equation in part (b), this gives 0.00933 mol O2

V = 
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2007 part A, form B, question #3

2 H2(g) + O2(g) ( 2 H2O(l)
10. In a hydrogen-oxygen fuel cell, energy is produced by the overall reaction represented above.

(a)
When the fuel cell operates at 25˚C and 1.00 atm for 78.0 minutes, 0.0746 mol of O2(g) is consumed. Calculate the volume of H2(g) consumed during the same time period. Express your answer in liters measured at 25˚C and 1.00 atm.

(b)
Given that the fuel cell reaction takes place in an acidic medium,

(i) write the two half reactions that occur as the cell operates,

(ii) identify the half reaction that takes place at the cathode, and

(iii) determine the value of the standard potential, E˚, of the cell.

(c)
Calculate the charge, in coulombs, that passes through the cell during the 78.0 minutes of operation as described in part (a).

Answer:

(a)
volume of H2 = (2)(mol. O2)(molar volume @ 25˚C) = (2)(0.0746 mol)(24.45 L mol-1) = 3.65 L

(b)
(i) O2(g) + 4 H+(aq) + 4 e
( 2 H2O(l)
E˚= +1.23 V
(ii) cathode reaction


      2 H2(g)
( 4 H+(aq) + 4e–
E˚ =   0.00 V

(iii) cell potential =
1.23 V

(c)
0.0746 mol O2 ( 
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