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Initially, a warm brick (the system) is placed in a cold pool of water (the surroundings).
Finally, the system and surroundings reach thermal equilibrium. For this process:

1. A)AS >0
B) AS, em= 0
C)ASem< 0
D) AS, ... changes in a way that cannot be predicted

E) none of the above
Answer: C  cooling decreases entropy.

2. A)AS
B) AS
C) AS =0
D) AS,,oundings €hanges in a way that cannot be predicted
E) none of the above
Answer: B warming increases entropy

<0
>0

surroundings
surroundings

surroundings

3. A)AS, e >0
B) AS iverse < O
O ASiiverse = 0
D) AS,.ivere changes in a way that cannot be predicted

E) none of the above
Answer: A the entropy of the universe increases for any spontaneous process

4. A)AE, ;. =0and AE ., <0
B) AE, e =0 and AE ., >0
C) AE, e =0 and AE ., =0
D) AE,ier. > 0 and AE .., <0
E) AE, e <0 and AE .., >0

Answer: A Energy of the universe is constant, cooling decreases energy if no
work is done
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5. A 100 mL solution contains 1.0 M HNO; and 0.70 M NaNO,. 10 mL of 1.5 M HCl is
added. The K, for HNO, is 7.2 x 10, Calculate the final pH.
A) 1.9
B) 3.5
C) 2.8
D) 3.1
E) 0.2
Answer C
NaNO2 + HCI - HNO2
I 0.070 0.015 0.100
C -0.015 -0.015 +0.015
E 0.055 +0.000 0.115
pH = pKa + log(Base/Acid) = 3.14 + log (0.055/0.115) = 2.8

6. Consider a solution consisting of two acids in water:
H,CO; == HCOs; +H" pK,=64
H,PO, = HPO,” +H" pK,=72

At pH 6.4, which one of the following is true?

A) [H,COs]>[HCO;5 ] and [H,PO4 ] > [HPO42_]
B) [H2C03] = [HCO3_] and [H2P04_] > [HPO42_]
C) [H,CO;]=[HCO;]and [H,PO, ] < [HPO, ]
D) [H2C03] > [HCO3_] and [H2P04_] = [HPO42_]
E) [H2C03] < [HCO3_] and [H2P04_] = [HPO42_]
Answer: B

7. 100 ml of 0.1 M HCI and 100 ml of 0.1 M CH3COOH are each titrated with 0.1 M
NaOH. Which of the following would be equal for the two titrations?
A) the initial pH
B) the initial [H']
C) the buffering capacity at the pKa of CH;COOH
D) the volume of NaOH added to reach equivalence point
E) none of the above
Answer: D

1.22 moles of perfect monatomic gas is very slowly expanded from 20 L to 30 L at a constant
pressure of 5.0 atm (R = 0.082 L-atm/mol-K; R = 8.31 J/mol-K; 101 J/L-atm).

8. The heat q for this process is
A) 9.8KkJ
B) -9.8kJ
C) 271kl
D) 12.7kJ
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E) -12.7kJ
Answer: D
Ti = PV/nR=(5.0 atm)(30 L)/(0.082 L-atm/mol-K)( 1.22 mol) = 1500 K
T¢=PV/nR=(5.0 atm)(15 L)/(0.082 L-atm/mol-K)( 0.171 mol) = 1000 K
q=nC,AT = n(5R/2)AT = (1.22 mol)(5/2)(0.082 L-atm/mol-K)(1000K-1500K) = -125 L-atm
(-125 L-atm) (101 J/L-atm) = 12700 J = 12.7 kJ

9. The work w for this process is
A) =5.05kJ
B) +5.05kJ
C) 135kJ
D) —135kJ

E) 271kJ
Answer: A
w=-PAV = -5(30-20)=-50 L atm
(+50 L-atm) (101 J/L-atm) = -5.05 kJ

10. In a solution prepared by adding excess MgF»(s) [Kyp = 1.08 x 10"] to water, [Mg*'] at

equilibrium is:
A) 1.5x 10 mol/L
B) 2.4 x 107 mol/L
C) 1.2x 10" mol/L
D) 3.0 x 10 mol/L
E) 8.4x10°mol/L

Answer D

MgF, =Mg™ +2F  2[Mg*']=[F]

Ko = [Mg” ][FT* = [Mg* 12[Mg*'])’ = =4(IMg*'])’ = 1.08 x 10"
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11. Using the following data, calculate the standard heat of formation of two moles of the
compound ICI (g) from I, (g) and Cl, (g):

AH° (kJ/mol)

Clx(g) — 2Cl(g) 242

L (g) > 2I(g) 150

ICI (g) = I(g) + Cl(g) 211

IQ(S) — Iz(g) 63

A) 211 kJ/mol

B) —15 kJ/mol

C) -30kJ/mol

D) +30 kJ/mol

E) 181 kJ/mol

Answer: C

Cl (g) = 2Cl (g) AH® =242
L(g) > 1(g) AH® =150
2Cl (g) + 21 (g) — 2ICl (g) AH® = -422
I, (g) + Cl (g) — 2ICl (g) AH®° =242 + 150 — 422 = -30 kJ/mol

12. You are given a solution containing the weak base ammonia, NH3, with a pH of 1.0. If a
small amount of concentrated NHj3 (aq) is added to the solution, which statement is true?
A) The pH and the pOH both increase.
B) The pH and the pOH both decrease.
C) The pH and the pOH remain unchanged.
D) The pH decreases and the pOH increases.
E) The pH increases and pOH decreases.
Answer E

13. For the reaction A+ B — C + D,
AH® =40 kJ/mol and AS° = 50 J/mol-K.
The reaction under standard conditions is
A) spontaneous reverse at temperatures greater than 800 K.
B) spontaneous forward at temperatures greater than 800 K.
C) spontaneous reverse only at temperatures greater than 600 K.
D) spontaneous forward at all temperatures.
E) spontaneous reverse at all temperatures.
Answer B
AH < 0 => spontaneous reverse at low T.
AS < 0 => spontaneous forward at high T.

Crossover Temperature = AH/AS = 40/0.050 = 800 K. Spontaneous reverse at T>800K
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14. Consider the freezing of liquid water at —10°C and 1 atm. For this process what are the
signs for AH, AS, and AG?

AH AS AG
A) + - 0
B) — + 0
c) - + -
D) + - -
E) — - -
Answer: E

The process is spontaneous; AG < 0, exothermic; AH < 0, and is changes directions at high
temperature; AS<0

15. For the vaporization of a liquid at its boiling point T, the
change in entropy and the change in enthalpy are related by
A) ASvap = AHvap/Tb
B) ASvap = ToAHvap
C) ASvip = To/AHvap
D) To = AHvapASvap
E) There is no general relation covering these vaporization
quantities.

Answer: A; AG=AHyvap-TvASvap = 0 at the boiling point

16. Which of the following are state functions?
A) work, heat
B) work, heat, enthalpy, energy
C) work, heat, enthalpy
D) enthalpy, energy, entropy
E) heat, enthalpy, energy
Answer: D

17. AG = -RTIn(K) + RTIn(Q)

Which of the following must be true at equilibrium?
A) Q=K

B) AG<0

C) AG°<0

D) AE=0

E) AS<O0

Answer: A
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18. For a particular process ¢ = -10 kJ and w = 25 kJ. Which of the following statements is
true?
A) Heat flows from the surroundings to the system.
B) The system does work on the surroundings.
C) AE=-35Kkl.
D) All of the above are true.
E) None of the above are true.
Answer E

19. 100 kJ of heat is added at constant pressure to two solid objects, each containing 10>
molecules. Which object experiences the smallest change in temperature?
A) The object with the larger molar heat capacity.
B) The object with the smaller molar heat capacity.
C) The objects undergo the same change in temperature regardless of the molar heat
capacity.
D) You need to know the initial temperature to answer this question.
E) You need to know the volumes of the objects
Answer: A

20. This exam version is
A) A
B) B
C) C
D) D
E) E
Answer: B



