
1)  For the reaction: N2(g) + 2 O2(g)  2 NO2(g), Kc = 8.3  10-10 at 25C. What is the concentration of N2 gas at equilibrium when the concentration of NO2 is [image: image1.wmf]three times

 the concentration of O2 gas?  

A) [image: image2.wmf]3.6

  109 M 


B)  [image: image3.wmf]9.1

  10-[image: image4.wmf]11

 M 

C) [image: image5.wmf]2.8

  10-10 M 

D)  [image: image6.wmf]1.1

  10[image: image7.wmf]10

 M 

2)  The equilibrium constant, Kp, equals 3.40 at 25C for the isomerization reaction:


cis-2-butene = trans-2-butene. 

If a flask initially contains 1.00 atm of each gas, in what direction will the system shift to reach equilibrium? 

A) The system is already at equilibrium. 

B) The system is not at equilibrium and will remain in an unequilibrated state. 

C) It will shift right. 

D) It will shift left. 

3)   B.  For this reaction the value of the equilibrium constant is
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A)  = 0. 
B)   = 1. 
C)   > 1. 
D)   < 1. 

4)  The dissolution of calcium hydroxide is exothermic. 

Ca(OH)2(s)  = Ca2+(aq) + 2 OH-(aq) What happens when the solution of Ca(OH)2 is heated? 

A) The amount of Ca(OH)2(s) decreases. 

B) The Ca(OH)2(s) completely dissolves. 

C) The amount of Ca(OH)2(s) remains unchanged. 

D) The amount of Ca(OH)2(s) increases. 

5)  The esterification of acetic acid and ethanol is given by the reaction below:

C2H5OH(aq) + CH3COOH(aq) = CH3COOC2H5(aq) + H2O(l)

When 1.00 mol of ethanol was mixed with 2.00 mol of acid in a 1.00 L flask, 0.86 mol of ester was formed at room temperature. What is the value of the equilibrium constant, Kc? 

A) 0.43 

B) 2.3 

C)  5.4 

D)  4.6 

6)  Which of the following changes in reaction conditions will not alter the equilibrium concentrations?
A) increasing the temperature 

B) addition of reactants or products 

C) decreasing the pressure or volume 

D) addition of an inert gas to the reaction mixture 

7)  Ammonium bromide is a crystalline solid that decomposes endothermically when heated: NH4Br(s) = NH3(g) + HBr(g). When solid NH4Br is added to an evacuated flask at 300C, which change in reaction conditions below will cause the equilibrium to shift to the right?  

A) decrease the temperature 

B) add more NH4Br 

C) add more NH3 

D) double the volume of the container 

8)   2B.  For this reaction the value of the equilibrium constant is
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A)  > 1. B)   = 1. C)   < 1. D)   = 0. 

9)  The decomposition of ammonia is: 2 NH3(g) = N2(g) + 3 H2(g). If the partial pressure of ammonia is 1.6  10-3 atm and the partial pressures of N2 and H2 are each 0.25 atm at equilibrium, what is the value for Kc at 400C for the forward reaction? 

A) 6.3  103 
B)  0.50 
C)  4.6  106 
D)  1.4 

10)  Which of the following changes in reaction conditions will not alter the composition of a homogeneous equilibrium mixture of gases?  

A) addition of a catalyst 

B) increasing the pressure or volume 

C) decreasing the temperature 

D) addition of reactants or products 

 B. Each of the following series of pictures represents a separate experiment in which time increases from left to right. 
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11)  Which of these experiments has resulted in an equilibrium state?  

A) all of the experiments except experiment (1) 

B) all of the experiments except experiment (2) 

C) all of the experiments except experiment (3) 

D) all of the experiments except experiment (4) 

12)  Picture (1) represents the equilibrium mixture for the gas-phase reaction A + B = 2 AB at 298 K. If the volume of the equilibrium mixture is decreased, which picture (2)-(4) represents the equilibrium at the reduced volume?
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A) picture (2) B)  picture (3) 

C) picture (4) D)  none of the above 

13)   B.  For this reaction the value of the equilibrium constant is
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A)  < 1. 
B)   > 1. 
C)   = 1. 
D)   = 0. 

14)  Cyclohexane, C6H12, undergoes a molecular rearrangement in the presence of AlCl3 to form methylcyclopentane, CH3C5H9, according to the equation: 


C6H12  = CH3C5H9
If Kc = 0.143 at 25C for this reaction, find the equilibrium concentrations of C6H12 and CH3C5H9 if the initial concentrations are 0.200 M and 0.[image: image13.wmf]150

 M, respectively. 

A) [C6H12] = 0.[image: image14.wmf]093

 M,  [CH3C5H9] = 0.[image: image15.wmf]257

 M 

B) [C6H12] = 0.[image: image16.wmf]218

 M,  [CH3C5H9] = 0.[image: image17.wmf]013

 M 

C) [C6H12] = 0.[image: image18.wmf]107

 M,  [CH3C5H9] = 0.[image: image19.wmf]107

 M 

D) [C6H12] = 0.[image: image20.wmf]307

 M,  [CH3C5H9] = 0.[image: image21.wmf]043

 M 

15)  The enthalpy for the following reaction is 136 kJ. If the reaction takes place in a closed container, which one of the following reaction conditions will not decrease the concentration of water vapor?

2 NaHCO3(s)  = Na2CO3(s) + CO2(g) + H2O(g)  

A) decrease the volume of the container 

B) cool the container 

C) remove some NaHCO3 

D) add CO2 

16)  What is the equilibrium equation (Keq) for the following reaction?

FeS(s) + 2 H3O+ (aq) = Fe+2 (aq) + H2S (g) + 2 H2O (l)  

A)  = [image: image22.wmf][Fe
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C)  = [image: image24.wmf][Fe
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17)  Given the reaction at a certain temperature: 2 HI(g) = H2(g) + I2(g). At equilibrium, the partial pressure of HI is 1.8  10-3 atm, and the partial pressures for H2 and I2 are 0.10 atm each. Find Kp at that temperature. 

A) 3.1  104 
B) 3.2  10-4 
C)  3.1  103 
D) 5.6  101 

Picture (1) represents an equilibrium mixture of solid CaCO3, solid CaO, and gaseous CO2, obtained as a result of the endothermic decomposition of CaCO3. 
[image: image26.png]



18)  Which picture (2)-(4) represents the equilibrium mixture after addition of four more CO2 molecules? 

A) picture (2) 
B)  picture (3) 

C) picture (4) 
D)  none of the above 

29)  The pink and blue species below form a violet colored mixture at equilibrium:

[CO(H2O)6]2+ (aq) + 4 Cl- (aq) = [CoCl4]2- (aq) + 6 H20 (l)


(pink)
(blue)

As the concentration of [Co(H2O)6]2+ is increased, what happens to the solution? 

A) The concentration of [CoCl4]2- increases. 

B) The concentration of [CoCl4]2- decreases. 

C) No color change is observed. 

D) The solution becomes colorless. 

21)  From the following chemical reactions determine the relative Brnsted-Lowry acid strengths (strongest to weakest).

HClO4(aq) + H2O(l)  H3O+(aq) + ClO4-(aq)

HNO2(aq) + H2O(l)  H3O+(aq) + NO2-(aq)  

A) H3O+ > HClO4 > HNO2 
B)  HClO4 > HNO2 > H3O+ 

C) H3O+ > HNO2 > HClO4 
D)  HClO4 > H3O+ > HNO2 

22)  What is the pH of a solution prepared by mixing 100.00 mL of 0.020 M Ca(OH)2 with 50.00 mL of 0.100 M NaOH? Assume that the volumes are additive.  

A) 12.78 
B)  12.67 
C)  12.95 
D)  13.25 

23)  What is the pH of a 0.10 M H2Se solution that has the stepwise dissociation constants Ka1 = 1.3  10-4 and Ka2 = 1.0 x 10-11   

A) 3.89 

B)  2.[image: image27.wmf]44

 

C)  5.[image: image28.wmf]50

 

D)  4.[image: image29.wmf]89

 

24)  What is the selenide ion concentration [Se2-] for a 0.200 M H2Se solution that has the stepwise dissociation constants of Ka1 = 1.3 x 10-4 and Ka2 = 1.0 x 10-11  
A) 1.0  10-11 M 

B)  [image: image30.wmf]2.6

  10-5 M 

C) [image: image31.wmf]5.1

  10-3 M


 D)  1.3  10-4 M 

25)  What is the pH of a solution made by mixing 100.0 mL of 0.10 M HNO3, 50.0 mL of 0.20 M HCl, and 100.0 mL of water? Assume that the volumes are additive.
A) 0.82 

B)  1.10 

C)  0.30 

D)  1.00 

26)  Calculate the pH for an aqueous solution of acetic acid that contains [image: image32.wmf]2.15 

þ

 10

-3

M

 hydronium ion. 

A) 4.65  10-12 

B)  2.67 

C) 2.15  10-3 

D)  11.33 

27)  Calculate the hydronium ion concentration in an aqueous solution that contains 2.50  10-[image: image33.wmf]3

 M in hydroxide ion?  

A) 5.00  10-[image: image34.wmf]12

 M 

B)  4.00  10-[image: image35.wmf]11

 M 

C) 4.00  10-[image: image36.wmf]10

 M 

D)  4.00  10-[image: image37.wmf]12

 M 
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28) Which of the above pictures represents a solution of a weak diprotic acid H2A for which Ka1 >> Ka2 (Water molecules have been omitted for clarity.) 28)   ______ 

A) picture (a) 

B)  picture (b) 

C)  picture (c) 

D)  picture (d) 

29)  What is the pH of a 0.[image: image39.wmf]040

 M HClO4 solution? 

A) 0.[image: image40.wmf]080

 
B)  [image: image41.wmf]12.60

 
C)  [image: image42.wmf]1.40

 

D)  0.[image: image43.wmf]040

 

The following pictures represent solutions of three salts MA; water molecules have been omitted for clarity. Dotted spheres represent Ay- ions; gray spheres represent Mx+ ions; black spheres represent oxygen atoms; and unshaded spheres represent hydrogen atoms. 
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30)  Which picture represents a basic salt? 30)   ______ 

A) (1) 

B)  (2) 

C) (3) 

D)  none of the above 

31)  What is the relationship between Ka and Kb at 25C for a conjugate acid base pair? 31)   ______ 

A)   Kb = 1  10-14 

B)   + Kb = 1  10-14 

C) /Ka = 1  10-14 

D)  /Kb = 1  10-14 

32)  A solution with a hydroxide ion concentration of 4.15  10-[image: image45.wmf]4

 M is ________ and has a hydrogen ion concentration of ________.  

A) basic, 2.41  10-[image: image46.wmf]11

 M B)  acidic, 2.41  10-[image: image47.wmf]10

 M 

C) acidic, 2.41  10-[image: image48.wmf]11

 M D)  basic, 2.41  10-[image: image49.wmf]10

 M 

33)  Benzoic acid (C6H5COOH = HBz) solutions are sometimes used in experiments to determine the molarity of basic solution of unknown concentration. What is the pH of a 0.100 M solution of benzoic acid if Ka = 6.5 x 10-5  and the equilibrium equation of interest is [image: image50.wmf]HBz(

aq

) + H
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 H
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 33)   ______ 

A) 1.00 

B)  5.19 

C)  2.59 

D)  4.19 

34)  What is the strongest acid among the following? 34)   ______ 

A) HOCl

B) HClO2 

C) HClO3

D) HClO4 

35)  Ammonia NH3, has a base dissociation constant of 1.8  10-5. What is the conjugate acid of ammonia and what is its acid dissociation constant? 35)   ______ 

A) NH2-, 5.6  10-10 
B)  NH4+, 1.9  109 

C) NH4+, 5.6  10-10 
D)  NH4+, 1.8  10-5 

36)  A solution with a hydrogen ion concentration of 3.25  10-[image: image51.wmf]5

 M is ________ and has a hydroxide ion concentration of ________.   36)   ______ 

A) acidic, 3.08  10-[image: image52.wmf]9

 M 

B)  basic, 3.08  10-[image: image53.wmf]9

 M 

C) acidic, 3.08  10-[image: image54.wmf]10

 M 

D)  basic, 3.08  10-[image: image55.wmf]10

 M 

37)  Which Brnsted-Lowry base has the strongest conjugate acid? 37)   ______ 

A) CN- 

B)  NO3- 
C)  F- 

D)  CH3CO2- 

38)  Calculate the pH of a of 0.100 M KBrO solution. Ka for hypobromousacid, HBrO, is 2.0 x 10-9  38)   ______ 

A) 9.15 

B)  10.85 

C)  3.15 

D)  4.85 

39)  What is the strongest monoprotic acid of the following set if all the acids are at 0.100 M concentration? 39)   ______ 

A) benzoic acid with Ka = 6.5  10-5 

B) hydrofluoric acid with Ka = 3.5  10-4 

C) hypochlorous acid with Ka = 3.5  10-8 

D) acetic acid with Ka = 1.8  10-8 

40)   and NH3 undergo a Lewis acid-base reaction forming an adduct. Which picture below correctly represents the curved arrow notation for the initial Lewis acid-Lewis base interaction in this reaction; what is the Lewis acid and the Lewis base?


[image: image56.png]



  40)   ______ 

A)  is the Lewis acid and NH3 is the Lewis base. 

B)  is the Lewis acid and BF3 is the Lewis base. 

C) is the Lewis acid and BF3 is the Lewis base. 

D)  is the Lewis acid and NH3 is the Lewis base. 


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41)  What is the characteristic pH-titrant curve for the titration of a strong acid by a strong base? 41)   ______ 

A) A 

B)  B 

C)  C 

D)  D 

43)  Which statement about buffers is true? 43)   ______ 

A) Buffers resist change in pH upon addition of small amounts of strong acid or strong base. 

B) Buffers have a pH = 7. 

C) A buffer does not change pH on addition of a strong acid or strong base. 

D) Buffers consist of a strong acid and its conjugate base. 

A with NaOH.

[image: image58.png]



44)   44)   ______ 

A)  + pKa2)/2 

B)   

C)  + pKa2 


D)   

45)  Indicate the major chemical species present in a solution of 0.10 M HF and 0.10 M NaF. 45)   ______ 

A) HF, H3O+, F-, Na+, H2O 

B)  HF, H3O+, F-, Na+, H2O, OH- 

C) HF, H3O+, F-, Na+ 


D)  HF, H3O+, F- 

The following pictures represent solutions at various stages in the titration of a weak diprotic acid H2A with aqueous KOH. Unshaded spheres represent H atoms, black spheres represent oxygen atoms, and shaded spheres represent A2- ions. (K+, H3O+ initially present, OH- initially present and solvent water molecules have been omitted for clarity).  
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46)  Which picture represents the system with the lowest pH? 46)   ______ 

A) (1) 

B)  (2) 

C)  (3) 

D)  (4) 

47)  What is the approximate pH at the equivalence point of a weak acid-strong base titration if 25 mL of aqueous hydrofluoric acid requires 30.00 mL of 0.[image: image60.wmf]0500

 M NaOH?  Ka = 6.76  10-4  for HF.   47)   ______ 

A) [image: image61.wmf]7.80

 

B)  [image: image62.wmf]11.80

 
C)  [image: image63.wmf]2.20

 

D)  [image: image64.wmf]6.19

 

48)  What is not a correct expression for the weak acid HA? 48)   ______ 

A) pKa = 14 - pKb 

B)  pKa = logKa 

C)  = [H3O+][A-]/[HA] 
D)  pKa = pH - log{[A-]/[HA]} 

 ions. (K+, H3O+, OH-, and solvent H2O molecules have been omitted for clarity.)
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49)   49)   ______ 

A)  

B)   

C)   

D)   

50)  What volume of 0.500 M HNO3 is needed to titrate [image: image66.wmf]60

.00 mL of 0.500 M Ca(OH)2 to the equivalence point?   50)   ______ 

A) [image: image67.wmf]7.50

 mL 
B)  [image: image68.wmf]60.0

 mL 

C)  [image: image69.wmf]30

.0 mL 

D)  [image: image70.wmf]120.

 mL 

51)  What is the approximate pH at the equivalence point of a weak acid-strong base titration if 25 mL of aqueous formic acid requires 29.80 mL of 0.0567 M NaOH? Ka = 1.8  10-4 for formic acid.  51)   ______ 

A) 11.54 

B)  2.46 
C)  8.12 
D)  5.88 

53)  What is the pH of a solution prepared by mixing 50.00 mL of 0.10 M methylamine, CH3NH2, with [image: image71.wmf]5

.00 mL of 0.10 M methylammonium chloride, CH3NH3Cl? Assume that the volume of the solutions are additive and that Kb = 3.70  10-4 for methylamine.  53)   ______ 

A) 10.57 

B)  11.78 

C)  [image: image72.wmf]11.57

 

D)  [image: image73.wmf]9.57

 

 ions. (K+, H3O+, OH-, and solvent H2O molecules have been omitted for clarity.)
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54)  ? 54)   ______ 

A)  

B)   

C)  

D)   

55)  Indicate the major chemical species present in a solution of 0.10 M NH3 and 0.10 M NH4Cl. 55)   ______ 

A) NH3, NH4+ 



B)  NH3, NH4+, Cl- 

C) NH3, NH4+, Cl-, OH-, H2O 

D)  NH3, NH4+, Cl-, OH- 

56)  What is the molar solubility of AgCl in 0.10 M NH3? Ksp for AgCl is 1.8  10-10 and the Kf for Ag(NH3)2+ is [image: image75.wmf]1.7 

þ

 10

7

.

 56)   ______ 

A) 5.0  10-3 M B)  5.5  10-2 M 

C) 1.3  10-5 M D)  5.5  10-3 M 

The following pictures represent solutions of AgCl, which may also contain ions other than Ag+ and Cl- which are not shown. Gray spheres represent Ag+ ions and dotted spheres represent Cl- ions.
[image: image76.png]™
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57)  If solution (1) is a saturated solution of AgCl, which of solutions (1)-(4) represents the solution after a small amount of HNO3 is added and equilibrium is restored? 

A) (1) 


B)  (2) 

C)  (3) 

D)  (4) 

58)  What is the solubility product constant, Ksp, for the slightly soluble salt Fe(OH)2? The equation of interest is [image: image77.wmf]Fe(OH)
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A)  = {[Fe2+][OH-]2}/{[Fe(OH)2][H2O]} 

B)  = 1/{[Fe2+][OH-]2} 

C)  = [Fe2+][OH-]2 

D)  = {[Fe2+][OH-]2}/[Fe(OH)2]  

59)  What is the pH of a solution prepared by mixing 25.00 mL of 0.10 M CH3CO2H with 25.00 mL of 0.0[image: image78.wmf]50

 M CH3CO2Na? Assume that the volume of the solutions are additive and that Ka = 1.8  10-5 for CH3CO2H.  59)   ______ 

A) 2.87 

B)  5.[image: image79.wmf]05

 

C)  4.7[image: image80.wmf]4

 

D)  [image: image81.wmf]4.44

 

60)  What is the pH of a buffer solution made by mixing 50.0 mL of 0.100 M potassium hydrogen phthalate with 13.6 mL of 0.100 M NaOH and diluting the mixture to 100.0 mL with water? The Ka2 for hydrogen phthalate is [image: image82.wmf]3.1 

þ

 10

-6

.

 

A) 5.51 

B)  3.25 
C)  5.08 
D)  5.94 

