Ch 19 Review                                                                                         Gupta


Review for Chapter 19                                   
AP Chemistry

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

· Why are some reactions spontaneous while others are non spontaneous?

· What determines the direction of a reaction?

· How is Gibbs free energy related to equilibrium constant?

· How are values of standard Gibbs free energy and non standard Gibbs free energy related?

· What is Nernst equation used for?
· Your own question (s)….

Connections to the real-world and other Chemistry Units

· Give two examples of real-life situations where use knowing spontaneity of a reaction can be helpful.

· We had done part of Thermodynamics in first semester.
· Where do you use the concept of spontaneity used in real life?
Level 1 Problems: Ch 19 Problem Set #2, 5, 7, 13, 16, 17, 19, 22, 28, 30, 32ab, 42, 50ab, 54, 60

Level 2 and 3 Problems:

1.Consider the first ionization of sulfurous acid:

H2SO3(aq) ( H+(aq) + HSO3-(aq)
Certain related thermodynamic data are provided below:


H2SO3(aq)
H+(aq)
HSO3-(aq)

-----------------
----------
------------------

Hf( kcal/mole
-145.5
0
-151.9

S cal/mole K
56
0
26

(a)
Calculate the value of G at 25C for the ionization reaction.

(b)
Calculate the value of K at 25C for the ionization reaction.

(c)
Account for the signs of S and H for the ionization reaction in terms of the molecules and ions present.

Answer:

(a)
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= [-151.9] - [-145.5] kcal = -6.4 kcal
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= (26 - 56) cal = -30 cal/K


G = H - TS = -6400 - (298)(-30) cal


= 2.54 kcal
(b)
K = e-G/RT = e-(2540/(1.9872)(298)) = 0.0135
(c)


2. Given the following data for graphite and diamond at 298K.


S(diamond) =
0.58 cal/mole deg


S(graphite) =
1.37 cal/mole deg


Hf CO2(from graphite) =
-94.48 kilocalories/mole


Hf CO2(from diamond) =
-94.03 kilocalories/mole

Consider the change: C(graphite) = C(diamond) at 298K and 1 atmosphere.

(a)
What are the values of S and H for the conversion of graphite to diamond.

(b)
Perform a calculation to show whether it is thermodynamically feasible to produce diamond from graphite at 298K and 1 atmosphere.

(c)
For the reaction, calculate the equilibrium constant Keq at 298K

Answer:

(a)
S = S(dia.) - S(graph.) = (0.58 - 1.37) cal/K = -0.79 cal/K


CO2 ( C(dia.) + O2
H = + 94.03 kcal/mol


C(graph.) + O2  CO2
H  = - 94.48 kcal/mol

C(graph.)  C(dia.)
H =    -0.45 kcal/mol

(b)
(G = H - TS = -450 - (298)(-0.79) cal


= -214.58 cal/mol; a G < 0 indicates feasible conditions

(c)
Keq = e-G/RT = e-(-214.58/(1.9872)(298)) = 1.43
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 C 


Br2(l)
58.6
Fe2+(aq)
-27.1


Br-(aq)
19.6
Fe3+(aq)
-70.1

(a) Determine S
(b) Determine G
(c) Determine H
Answer:

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


= -105.4 cal = -441 J/K

(b)
Ecell = [+1.07 + (-0.77)] v = 0.30 v


G=-n(E=-(2)(96500)(0.30v)=-57900 J/mol

(c)
H = G + TS = 57900 + 298(-441) J


= -73.5 kJ/mol

4.

WO3(s) + 3 H2(g)  W(s) + 3 H2O(g)
Tungsten is obtained commercially by the reduction of WO3 with hydrogen according to the equation above. The following data related to this reaction are available:


WO3(s)
H2O(g)

Hf (kilocalories/mole)
-200.84
-57.8


Gf (kilocalories/mole)
-182.47
-54.6

(a)
What is the value of the equilibrium constant for the system represented above?

(b)
Calculate S at 25C for the reaction indicated by the equation above.

(c)
Find the temperature at which the reaction mixture is in equilibrium at 1 atmosphere.

Answer:

(a)
G = [3(-54.6) + 0] - [-182.47 + 0] = 18.7 kcal


Keq = e-G/RT = e-(18700/(1.9872)(298)) = 1.93(10-14
(b)
H = [3(-57.8) + 0] - [-200.84 + 0] = 27.44 kcal
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(c)
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T = H / S = 27440 / 29.2 = 938K

5.

2 NO(g) + O2  2 NO2(g)
A rate expression for the reaction above is: 
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Hf
S
Gf


kcal/mole
cal/(mole)(K)
kcal/mole

NO(g)
21.60
50.34
20.72


O2(g)
0
49.00
0


NO2(g)
8.09
57.47
12.39

(a)
For the reaction above, find the rate constant at 25C if the initial rate, as defined by the equation above, is 28 moles per liter-second when the concentration of nitric oxide is 0.20 mole per liter and the concentration of oxygen is 0.10 mole per liter.

(b)
Calculate the equilibrium constant for the reaction at 25C.

Answer:

(a)
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= 7000 mol-2L2sec-1
(b)
G = [2(12.39)] - [2(20.72) + 0] = -16.66 kcal


Keq = e-G/RT = e-(-16660/(1.9872)(298)) = 1.651012
6.

2 Cu + S ( Cu2S

For the reaction above, H, G, and S are all negative. Which of the substances would predominate in an equilibrium mixture of copper, sulfur, and copper(I) sulfide at 298K?  Explain how you drew your conclusion about the predominant substance present at equilibrium.  Why must a mixture of copper and sulfur be heated in order to produce copper(I) sulfide?

Answer:

Copper(I) sulfide. The forward reaction involves bond formation and is, therefore, exothermic (H<0). The forward reaction produces 1 molecule from 3 atoms and, therefore, decreases in entropy (S<0). But since G is <0 and G = H -TS, this reaction is spontaneous at low temperatures.

This mixture must be heated because both reactants are solids and they react only when the copper atoms and sulfur atoms collide, an infrequent occurrence in the solid state.

7. 

CH3OH(l) + 3/2 O2(g)   2 H2O(l) + CO2(g)
The value of S for the reaction is -19.3 cal/mol-degree at 25C.



Hf
S


kcal/mole at 25C
cal/mole-degree at 25C



-------------------------
----------------------------------


CH3OH(l)
-57.0
30.3


H2O(l)
-68.3
16.7


CO2(g)
-94.0
51.1

(a)
Calculate G for the complete combustion of methanol shown above at 25C.

(b)
Calculate the value for the equilibrium constant for this reaction at 25C.

(c)
Calculate the standard absolute entropy, S, per mole of O2(g).

Answer:

(a)
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= [2(-68.3) + (-94.0)] - [-57.0] = -173.6 kcal


G = H - TS = -173.6 + (298)(0.0193) kcal


= -167.8 kcal

(b)
Keq = e-G/RT = e-(-167800/(1.9872)(298))

= 1.1510123
(c)
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-19.3 = [2(16.7) + 51.1] - [30.3 + 3/2 X]


X = 49.0 cal/mol K
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