Thermo Practice AP Questions: 

2009 section B, question #5

	Reaction
	Equation
	∆H˚298
	∆S˚298
	∆G˚298

	X
	C(s) + H2O(g) → CO(g) + H2(g)
	+ 131 kJ mol-1
	+134 J mol-1 K-1
	+91 kJ mol-1

	Y
	CO2(g) + H2(g) → CO(g) + H2O(g)
	+41 kJ mol-1
	+42 J mol-1 K-1
	+29 kJ mol-1

	Z
	2 CO(g) → C(s) + CO2(g)
	?
	?
	?


Answer the following questions using the information related to reactions X, Y, and Z in the table above.

(a) For reaction X, write the expression for the equilibrium constant, Kp. 
(b) For reaction X, will the equilibrium constant, Kp, increase, decrease, or remain the same if the temperature rises above 298 K? Justify your answer. 
(c) For reaction Y at 298 K, is the value of Kp greater than 1, less than 1, or equal to 1? Justify your answer. 
(d) For reaction Y at 298 K which is larger: the total bond energy of the reactants or the total bond energy of the products? Explain. 
(e) Is the following statement true or false? Justify your answer.

“On the basis of the data in the table, it can be predicted that reaction Y will occur more rapidly than reaction X will occur.”
Consider reaction Z at 298 K.

(i) Is ∆S˚ for the reaction positive, negative, or zero? Justify your answer.
(ii) Determine the value of ∆H˚ for the reaction.
(iii)
A sealed glass reaction vessel contains only CO(g) and a small amount of C(s). If a reaction occurs and the temperature is held constant at 298 K, will the pressure in the reaction vessel increase, decrease, or remain the same over time? Explain.

2007 part A, form B, question #1

A sample of solid U308 is placed in a rigid 1.500 L flask. Chlorine gas, Cl2(g), is added, and the flask is heated to 862˚C. The equation for the reaction that takes place and the equilibrium-constant expression for the reaction are given below.

U308(s) + 3 Cl2(g), ( 3 UO2Cl2(g) + O2(g)
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When the system is at equilibrium, the partial pressure of Cl2(g) is 1.007 atm and the partial pressure of UO2Cl2(g) is 9.734(10-4 atm

(a) Calculate the partial pressure of O2(g) at equilibrium at 862˚C. 

(b) Calculate the value of the equilibrium constant, KP, for the system at 862˚C. 

(c) Calculate the Gibbs free-energy change, ∆G˚, for the reaction at 862˚C.

(d) State whether the entropy change, ∆S˚ for the reaction at 862˚C is positive, negative, or zero. Justify your answer. 

(e) State whether the enthalpy change, ∆H˚, for the reaction at 862˚C is positive, negative, or zero. Justify your answer. 

(f)
After a certain period of time, 1.000 mol of O2(g) is added to the mixture in the flask. Does the mass of U308(s) in the flask increase, decrease, or remain the same? Justify your answer. 

2009 section B, question #5 Answer:
(a)
Kp = 
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(b)
increase; as the temperature increases, more product is made (the forward reaction is endothermic, a +∆H), as the numerator increases and the denominator decreases

(c)
less than 1, a +∆G˚ indicates a non-spontaneous reaction, reactants favored over products and results in a small K, 
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(d)
reactants; total bond energy of reactants is greater than the products when the reaction is endothermic. More energy is put into breaking bonds that is released when forming bonds. [+BEreact] + [-BEprod] = +∆H
(e)
false; thermodynamics data indicates if a reaction can happen but not how it will react or how fast it will react, kinetics does that.

(f)
(i) ∆S˚ negative; a decrease in the number of gas particles and a change from a gas into a solid decreases the overall entropy of the system
(ii) CO(g) + H2(g) ( C(s) + H2O(g)
- 131 kJ mol-1
CO(g) + H2O(g) ( CO2(g) + H2(g)
-41 kJ mol-1
2 CO(g) ( C(s) + CO2(g)
-172 kJ

(iii) decrease; 2 gas molecules convert into 1 gas molecule, as n decreases so does P because of few collisions

2007 part A, form B, question #1 Answer:
(a)
using the equation, the ratio is 3:1, UO2Cl2:O2; 
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(b)
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= 2.931(10-13
(c)
∆G˚ = –RTlnK = -(8.31)(862 + 273) ln (2.931(10-13) = 272 kJ

(d)
positive; a solid (low entropy) and 3 gases are converting into a mixture of gases (high entropy)
(e)
positive; ∆G˚ = ∆H˚ – T∆S˚; ∆H˚ = ∆G˚ + T∆S˚; from (c) and (d), ∆G˚ and ∆S˚ are both positive, making ∆H˚ positive 
(f)
increase; adding oxygen gas will cause a LeChâtelier Principle shift to the left, producing more reactants

_1177702493.unknown

_1180692976.unknown

_1118153437.unknown

_1118153438.unknown

_1118153436.unknown

