Project Advance Chemistry 106 Sample Questions

on Material in General Chemistry, Brown, LeMay, and Bursten

Chapter 19. Chemical Thermodynamics 

1.  Complete the statement below correctly. 
The enthalpy change in a chemical reaction: 

(a) is always positive for an endothermic reaction.  
(b) is the heat obtained upon combustion in pure oxygen. 
(c) is always positive because the universe as a whole is becoming more random. 

(d) can be predicted precisely from bond energies. 
(e) is directly proportional to the voltage of the corresponding electrochemical cell.
2.  In the following reaction: 

Mg(s) + ½O2(g) ⇄  MgO(s) ; 
   
∆H° = -602 kJ.mole


   

∆G° = -569 kJ.mole

which of the following is true?

(a) Since the spontaneity of this reaction is common knowledge, the entropy of the system must increase.

(b) The reaction is spontaneous despite a decrease in the entropy of the system.



(c) The large enthalpy insures that this reaction will spontaneously occur at any temperature.

(d) Since the free energy and enthalpy changes are so close it is hard to tell which way the reaction will go; a few degrees difference will shift the equilibrium from one side to the other. 

(e) The negative free energy change means that the equilibrium must be displaced to the left (toward the reactants). 
3.  Which of the following processes causes an entropy decrease? 
(a) boiling water to form steam

(b) dissolution of solid KCl in water 
(c) mixing of two gases into one container

(d) freezing water to form ice

(e) none of these.
4.  Which one of the following reactions would have a positive value for ∆S°?
(a) Ba(OH)2(s) + CO2(g) → BaCO3(s) + H2O(l)

(b) N2(g) + 3H2(g) → 2NH3(g)

(c) 2SO3(g) → 2SO2(g) + O2(g)



(d) AgNO3(aq) + HCl(aq) → AgCl(s) + HNO3(aq) 
(e) none of these.
5. Which equation represents a reaction that is decreasing in entropy as the reaction proceeds? 

(a) CaCO3(s) → CaO(s) + CO2(g)


(b) 2C(s) + O2(g) → 2CO(g)
 
(c) 2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g)

(d) 2H2(g) + O2(g) → 2H2O(l) 
(e) none of these.


6. Consider the following reaction occurring in an automobile engine: 

2C8H18(l) + 25O2(g) → 16CO2(g) + 18H2O(g)

(a) -, +, +
(b) +, -, +
(c) +, +, -

(d) -, +, -
(e) none of these.
7.  Consider the following reaction. 

A + B → C
This reaction will always be spontaneous when   ∆H is ____________ and ∆S is ______________.

(a) +, +

(b) -, -
(c) -, +

(d) +, - 
(e) none of these.

8. Which one of the following statements is correct?
(a) The standard heat of formation of an element is negative.

(b) Since ∆H = ∆E + ∆(PV), ∆H can never equal ∆E. 

(c) q and w are state functions. 

(d) q-w is a state function. 

(e) S is not a state function since it is always increasing. 

9.  Consider the following table of thermodynamic data. All values are tabulated for 25°C. 

	Substance
	∆Gf° (kJ/mol)
	S° (J/mol K)

	C2H2(g)
	209
	201

	C2H4(g)
	68
	219

	C2H6(g)
	-33
	230

	H2(g)
	0
	131

	H2O(g)
	-229
	189

	C2H5OH(l)
	-175
	161


Determine the value of ∆G° (in kJ) for the following reaction taking place at 25°C.

C2H4(g) + H2O(g) → C2H5OH(l)

(a) 122




(b) -472

(c) -122




(d) -14

(e) none of these.

10.  Assuming ∆H and ∆S do not vary with the temperature, at what temperature will the reaction shown below become spontaneous? 

C(s) + H2O(g) → CO(g) + H2(g); 

∆H = 131.3 kJ, ∆S = 133.6 J/K

(a) 273° C




(b) 325° C 

(c) 552° C




(d) 710° C

(e) none of these.
11. Which of the following processes has a negative standard free energy change at 25°C? 

(a) CH4(g) + 2O2(g) → CO2(g) + 2H2O(g) 
 

(b) 2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g) 

(c) 2H2O(l) → 2H2(g) + O2(g)

(d) both CH4(g) + 2O2(g) → CO2(g) + 2H2O(g)
       and  2Na(s) + 2H2O(l) → 2NaOH(aq) + H2(g)
12. Consider the table of thermodynamic data shown below. All values are tabulated for 25°C. 

	Substance
	∆Gf° (kJ/mol)
	S° (J/mol K)

	NO(g)
	86.7
	211

	NO2(g)
	51.8
	240

	NOCl(g)
	66.3
	264

	N2O(g)
	103.6
	220


Determine the value of ∆G° (in kJ) for the following reaction taking place at 25°C.
2NO(g) + O2(g) → 2NO2(g) 

(a) -69.8




(b) -34.9

(c) 104.7




(d) -104.7

(e) none of these.

13.  Consider the following table of thermodynamic data. All values are tabulated for 25°C.  

	Substance
	∆Gf° (kJ/mol)
	S° (J/mol K)

	NO(g)
	86.7
	211

	NO2(g)
	51.8
	240

	NOCl(g)
	66.3
	264

	N2O(g)
	103.6
	220


What is  the value of ∆H° (in kJ) for the following reaction taking place at 25°C.
N2O(g) + NO2(g) → 3NO(g) 

(a) 156.2




(b) 5.5

(c) 53.2




(d) 109.0

(e) none of these.

14.  For the reaction C2H6(g) → C2H4(g) + H2(g) the values of  ∆H°  and ∆S° are 137 kJ and 120 J/K, respectively. This reaction will be: 
(a) spontaneous at all temperatures.

(b) spontaneous only at high temperature.

(c) spontaneous only at low temperature.

(d) nonspontaneous at all temperatures.

(e) nonspontaneous only at high temperature.

15.  For the following reaction at 25°C

C(s) + H2O(g) → CO(g) + H2(g) ;   ∆G° = 91.2 kJ and ∆H° = 131.4 kJ.

What is the value of ∆S° (in J/K) for this reaction at 25°C?

(a) -135




(b) 1.6

(c) -1.6




(d) 135

(e) none of these.

16. Which statement is most likely correct concerning the following reaction? 

SO3(g) + H2O(l) → H2SO4(aq) ;      ∆H° = -227 kJ

(a) The reaction is not spontaneous at any temperature.

(b) The reaction may not take place at 298 K but it can be driven to the right by raising the temperature.

(c) The equilibrium constant is negative at all temperatures.

(d) The reaction is spontaneous and goes to the right at all temperatures.

(e) The reaction is enthalpy driven at 298 K despite an unfavorable entropy change. 

17. Which statement is most likely correct concerning the following reaction? 

2H2(g) + CO(g) → CH3OH(g) ;      ∆H° = -90 kJ

(a) The reaction is entropy driven.

(b) The reaction goes completely to the right at all temperatures.

(c) The reaction is not spontaneous at any temperature.

(d) The reaction is not spontaneous at 298 K, but becomes spontaneous at high temperature. 

(e) The reaction is spontaneous at low temperature but reverts to the left at high temperature.

18.  In the following reaction: 

2SO2(g) + O2(g) → 2SO3(g) ;      ∆H° = -192 kJ and ∆G° = -142 kJ

which of the following is true?

(a) The reaction can be classified as an entropy-driven reaction.

(b) The reaction is spontaneous despite an unfavorable entropy change.

(c) Raising the temperature favors the reaction.


(d) The reaction is spontaneous despite an unfavorable enthalpy change.

(e) The negative value of ∆G° insures that the reaction will be spontaneous at any temperature.

19. Calculate Kc at 298 K for the following reaction, given the standard free energies of formation listed for each ion.

Ag(SO3)23- ⇄ Ag+ + 2SO32-
	Ion
	∆Gf°

kJ/mole

	Ag(SO3)23-
	-943

	Ag+
	+77

	2SO32-
	-497


(a) 0.345




(b) 3.16 × 104
(c) 2.90




(d) 2.78 × 10-5
(e) 2.1 × 10-462
20. In a typical halogen lamp, heat is liberated at the cold (298 K) walls by the reaction

I(g) + I(g) → I2(g) ;      ∆H° = -151 kJ and ∆G° = -121 kJ.

Above what filament temperature (in Kelvin degrees) will the halogen be effective, i.e. above what temperature will the spontaneity of the above reaction be reversed?

(a) 50,300 K

(b) 1500 K

(c) 2702 K 

(d) 3608 K

(e) cannot be reversed at any temperature.

21. Given the values for the standard free energies of formation tabulated below, calculate the equilibrium constant at 298 K for the following reaction:

PCl5(g) ⇄ PCl3(g) + Cl2(g) 

	Compound
	∆Gf°

kJ/mole

	PCl5(g)
	-324.6

	PCl3(g)
	-286.3


(a) 1.93 × 10-7



(b) 2.17 × 103
(c) 0.825 




(d) 4.77 × 10-6
(e) 1.28

22. The term adiabatic describes a process in which there is no heat transfer between the system and the surroundings. This is either because the system is well insulated or because the process occurs very rapidly. For such a process, it follows that ____________.

(a) q = +w




(b) q = 0 

(c) ∆E = q




(d) ∆E = w 

(e) P∆V = 0
23. Processes can be characterized by the sign of ∆H and ∆S, as indicated in the table below: 
	Process
	∆H
	∆S

	I.
	-
	+

	II.
	+
	-

	III.
	-
	-

	IV.
	+
	+


Which of the processes in the table are definitely spontaneous, and which are possibly spontaneous for processes taking place at constant T and P? 

(a) Definitely I, possibly II.

(b) Definitely II and III, possibly IV.

(c) Definitely III, possibly I and II.

(d) Definitely IV, possibly I.

(e) Definitely I, possibly III and IV.

24. Which of the following poker hands is characterized by the lowest entropy?  

(a) A♠

A♣

A♥

A♦

K♥
(b) A♠

10♦

8♦

3♣

2♥
(c) A♦

K♦

Q♦

J♦

10♦
(d) 10♦
10♥

10♣

7♠

4♥
(e) 6♥

5♦

5♣

3♥

2♦
25. The reaction: 2Hg(l) + O2(g) ⇄ 2HgO(s) has ∆H° = -43.4 kcal and ∆S° = -51.6 cal/K.

What is the value of the thermodynamic equilibrium constant for this reaction at 200°C? Assume ∆H and ∆S are independent of temperature.

(a) 4.2 × 107

(b) 6.0 × 108

(c) 3.0 × 106

(d) 3.8 × 10-7

(e) 1.6 × 10-9

