`AP Chemistry Practice Test Answer Key
Thermodynamics – Chapter 6 & 17
1. The system’s internal energy is a state function. Heat and work aren’t. A state function is a property which is independent of pathway.

2. (Note: w is not required, but provided here for clarification.)
negative (-) positive (+) no change (nc) unknown (?)
	
	ΔE
	q
	w
	
	ΔE
	q
	w

	A
	-
	? (likely exo)
	?
	F
	+
	nc
	+

	B
	-
	exo (-)
	?
	G
	+
	endo (+)
	nc

	C
	-
	?
	-
	H
	-
	exo (-)
	?

	D
	+
	endo (+)
	nc
	I
	-
	exo (-)
	likely +

	E
	-
	exo (-)
	-
	J
	-
	exo (-)
	?


3. An estimate of the number of Joules absorbed by a particular calorimeter per degree of temperature change. Used as a correction factor (q = mcΔt + WeqΔt) in heat calculations.

4. 25.0°C, 1.0 atm, 1.0 M solution, most common form. Symbol is “°” (as in ΔHf°).

5. Coffee Cup = constant pressure. Foam cup w/ lid. q = mcΔt, ΔE = ? Bomb = constant volume. Rigid steel container surrounded by water with ignition wires, thermometer, etc., 
q = CΔt, w = 0 so ΔE = q.

6. a) ΔE = +33 kJ, on, exo

b) ΔE = -815 kJ, by, exo
c) ΔE = -155 kJ, by, endo

d) ΔE = -13 kJ, on, exo
7. Hlost=(55.0 g)(4.184 J/gC°)(34.7°C-27.8°C) = 1587.828 J(1600 J
Hgained=(65.0 g)(4.184 J/gC°)(27.8°C-22.9°C) = 1332.604 J(1300 J

Weq=(1600J-1300J)/4.9°C=61.2 J/C° (52.1 J/C° based on unrounded values)
8. (3.65g)c(97.2°C-28.3°C) = (120.0g)(4.184J/gC°)(28.3°C-27.8°C)+(61.2J/C°)(0.5°C)

c= 281.64 J/(3.65g)(68.9C°) = 1.12 J/gC° (1.10 J/gC° based on unrounded Weq)
9. (C + O2 ( CO2
ΔH = -393.5 kJ/mol) x 2
(H2 + ½ O2 ( H2O


ΔH = -285.8 kJ/mol) x 3



(2 C2H6 + 7 O2 ( 4 CO2 + 6 H2O
ΔH = -3119.6 kJ/mol) x -1/2


2 C + 3 H2 ( C2H6

ΔH = -84.6 kJ

10. C2H5OH  +  3 O2  (  2 CO2  +  3 H2O
ΔHRXN = [(-393.5 kJ/mol)(2 mol) + (-242 kJ/mol)(3 mol)] 

-[(-278 kJ/mol)(1 mol) + (0.0 kJ/mol)(3 mol)] = -1235 kJ

3.2 kg*(1000g/1kg)*(1 mol/46.08 g)*(-1235 kJ/1 mol C2H5OH) = -85,800 kJ

11. q = mcΔt =(1.02g/mL*500.0mL)(3.96J/gC°)(26.5°C-25.0°C) = 3029.4 J


HCl  +  NaOH  (  NaCl  +  H2O (all ratios, 1:1)


0.5M*0.2500L=0.125mol    3029.4J/0.125mol = 24 kJ/mol
12. Which scenario of each pair favors spontaneity? 


exothermic reactions or endothermic reactions

greater organization of particles or greater disorganization of particles

a net loss of free energy or a net gain in free energy

+H and +S at low temperatures or +H and +S at high temperatures

+H and -S at low temperatures or +H and -S at high temperatures NEITHER
-H and +S at low temperatures or -H and +S at high temperatures BOTH
-H and -S at low temperatures or -H and -S at high temperatures 

A reaction with more moles of reactants or a reaction with more moles of  products

A reaction which lowers the temp. of its surroundings or a reaction which raises the temp.
13. Expected sign of S. (Balance the equations first!)
2  KClO3(s)     (     2  KCl(s)      +     3  O2(g) 


____+____


3 NaOH(aq)    +    FeCl3(aq)    (    3 NaCl(aq)    +     Fe(OH)3(aq) 

____0____


2 C4H10(g)      +      13 O2(g)  (      8 CO2(g)      +      10 H2O(g) 

____+____


Ca(NO3)2(aq)     +     K2SO4(aq)     (     CaSO4(s)     +     2 KNO3(aq) 

____˗˗____


2 KCl(aq)      +      Pb(NO3)2(aq)      (      2 KNO3(aq)      +      PbCl2(s) 
____˗˗____


AlCl3(aq)      +      3 LiOH(aq)      (      3 LiCl(aq)      +      Al(OH)3(s)

____˗˗____
14.  Consider the decomposition of solid barium carbonate to form solid barium oxide and carbon dioxide gas. Qualitatively speaking, would this involve an increase or a decrease in entropy? Using Appendix A-3, calculate the entropy change, the enthalpy change, and the change in Gibbs free energy for this reaction. Is this reaction…(a) spontaneous at all temperatures, (b) non-spontaneous at all temperatures, or (c) spontaneous only under certain temperature conditions? If you chose “c”, specify the conditions.

BaCO3(s)  ( BaO(s)  +  CO2(g)  
Increase in entropy (increase in molecules increases entropy, change from solid to gas also increases entropy.)

G = [(-528.4 kJ/mol)(1mol) + (-394.4 kJ/mol)(1mol)] – [(-1138.9 kJ/mol)(1mol)] = 216.1 kJ
H = [(-558.2 kJ/mol)(1mol) + (-393.5 kJ/mol)(1mol)] – [(-1218.8 kJ/mol)(1mol)] = 267.1 kJ

S = [(70.3 J/molK)(1mol) + (213.6 J/molK)(1mol)] – [(112.1 J/molK)(1mol)] = 171.8 J/K

The above G is at 25°C (or 298 K). Since entropy favors spontaneity and enthalpy opposes it, it will only be spontaneous at high enough temperatures (> 1555 K) for entropy to trump enthalpy.

G = H - TS
0 = 267.1 kJ – (T) 0.1718 kJ/K



0.1718 kJ/K x T = 267.1 kJ
T = 1555 K
15. If a particular reaction has a standard enthalpy change of -127.2 kJ/mol and an entropy of -624.8 J/molK, under what temperature conditions will this change be spontaneous?
G = H - TS
0 = -127.2 kJ – (T) 0.6248 kJ/K


-0.6248 kJ/K x T = -127.2 kJ

T = 203.6 K
The reaction will be spontaneous at temperatures below 203.6 K.
