AP - Thermodynamics Test Review

  Students should be able to... 

· Calculate the specific heat of a substance. 
· Define: enthalpy, entropy, heat of fusion, heat of vaporization, Hess's Law, exothermic, endothermic. 

· Know the First, Second, and Third laws of thermodynamics 
· Calculate the heat required to heat water in all 3 phases, and between phases 
· Label an energy diagram (exothermic and endothermic) 
· Determine the change in standard enthalpy of a reaction 
· Determine the change in standard entropy of a reaction 
· Determine the change in standard Gibbs Free Energy of a reaction 
· Determine the heat of combustion for a reaction 

· Determine if the reaction is exothermic or endothermic when given delta H 
· Determine if the reaction is increasing or decreasing in disorder when given delta S 
· Determine if the reaction is spontaneous when given delta G 
· Determine if the reaction is spontaneous when given delta H and delta S 
· Relate calculations from delta G to Keq 

· Use Hess' Law to determine reaction energies 

· Find the specific heat of a metal (laboratory) 

· Find the heat of fusion of ice (laboratory)
1.)


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).

2.)



CO(g) + 2 H2(g) ( CH3OH(l)    H = -128.1 kJ


Hf
Gf
S

(kJ mol-1)
(kJ mol-1)
(J mol-1 K-1)

CO(g)
-110.5
-137.3
+197.9

CH3OH(l)
-238.6
-166.2
+126.8

The data in the table above were determined at 25C.

(a)
Calculate G for the reaction above at 25C.

(b)
Calculate Keq for the reaction above at 25C.

(c)
Calculate S for the reaction above at 25C.

(d)
In the table above, there are no data for H2. What are the values of Hf, Gf, and of the absolute entropy, S, for H2 at 25C?

3.)
Propane, C3H8, is a hydrocarbon that is commonly used as fuel for cooking.

(a)
Write a balanced equation for the complete combustion of propane gas, which yields CO2(g) and H2O(l).

(b)
Calculate the volume of air at 30C and 1.00 atmosphere that is needed to burn completely 10.0 grams of propane. Assume that air is 21.0 percent O2 by volume.

(c)
The heat of combustion of propane is -2,220.1 kJ/mol. Calculate the heat of formation, Hf, of propane given that Hf of H2O(l) = -285.3 kJ/mol and Hf of CO2(g) = -393.5 kJ/mol.

(d)
Assuming that all of the heat evolved in burning 30.0 grams of propane is transferred to 8.00 kilograms of water (specific heat = 4.18 J/g.K), calculate the increase in temperature of water.

Multiple Choice 2002:

Questions 15-16 relate to the graph below. The graph shows the temperature of a pure substance as it is heated at a constant rate in an open vessel at 1.0 atm pressure. The substance changes from the solid to the liquid to the gas phase.

[image: image1.wmf]
15.
The substance is at its normal freezing point at time

(A)
t1
(B)
t2
(C)
t3
(D)
t4
(E)
t5
16.
Which of the following best describes what hap​pens to the substance between t4 and t5?

(A)
The molecules are leaving the liquid phase.

(B)
The solid and liquid phases coexist in equi​librium.

(C)
The vapor pressure of the substance is de​creasing.

(D)
The average intermolecular distance is de​creasing.

(E)
The temperature of the substance is increas​ing.

25.
What is the standard enthalpy change, ∆H˚, for the reaction represented above? (∆H˚f of C2H2(g) is 230 kJ mol-1; ∆H˚f  of C6H6(g) is 83 kJ mol-1.)

(A)
–607 kJ
(B)
–147 kJ
(C)
–19 kJ
(D)
+19 kJ
(E)
+773 kJ

1994-25.

	PRIVATE
H2(g) + (1/2) O2(g) ---> H2O(l) 
	H° = - 286 kJ 

	2 Na(s) + (1/2) O2(g) ---> Na2O(s) 
	H° = - 414 kJ 

	Na(s) + (1/2) O2(g) + (1/2) H2(g) ---> NaOH(s) 
	H° = - 425 kJ 


Based on the information above, what is the standard enthalpy change for the following reaction?

Na2O(s) + H2O(l) ---> 2 NaOH(s)

(A) -1,125 kJ
(B) -978 kJ
(C) -722 kJ
(D) -150 kJ
(E) +275 kJ 

1994-35. For which of the following processes would S have a negative value?

I. 2 Fe2O3(s) ---> 4 Fe(s) + 3 O2(g)

II. Mg2+ + 2 OH¯ ---> Mg(OH)2(s)

III. H2(g) + C2H4(g) ---> 3 C2H6(g)

(A) I only
(B) I and II only
(C) I and III only
(D) II and III only
(E) I, II, and III 

1994-58. N2(g) + 3 H2(g) ---> 2 NH3(g) 

The reaction indicated above is thermodynamically spontaneous at 298 K, but becomes nonspontaneous at higher temperatures. Which of the following is true at 298 K?

(A) G, H, and S are all positive.
(B) G, H, and S are all negative.
(C) G and H are negative, but S is positive.
(D) G and S are negative, but H is positive.
(E) G and H are positive, but S is negative. 

Answers:

1.) (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

2.) (a)
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 = -166.2 - [-137.3 + 2(0)] = -28.9 kJ/mol

(b) Keq = e-G/RT = e-(-28900/(8.3143)(298)) = 1.16105

(c)
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= -333 J/K

(d)
Both the standard enthalpy of formation and the standard free energy of formation of elements = 0.
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-333 J/K = 126.8 J/K - 197.9 J/K - 2 SH2

SH2 = 131 J/mol.K

3.) (a)
C3H8 + 5 O2  3 CO2 + 4 H2O

 (b)
10.0 g C3H8  1 mol C3H8/44.0 g  5 mol O2/1 mol C3H8) = 1.14 mol O2
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= 28.3 L O2 ; f(28.3 L,21.0%)  = 135 L of air

(c)
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-2220.1 = [3(-393.5) + 4(-285.3)] - [X+ 0]


X = Hcomb) =  -101.6 kJ/mol

(d)
q = 30.0 g C3H8  1 mol/44.0 g  2220.1 kJ/1 mol = 1514 kJ


q = (m)(Cp)(T)


1514 kJ = (8.00 kg)(4.184 J/g.K)(T)


T = 45.2
Multiple Choice: 

15.)B


25.)D
16.)A


35.)D

2002-25.)A

58.)B
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