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This exam consists of 16 multiple-choice questions and 9 open-ended questions.  Each question has four points associated with it.  Select the best multiple-choice answer by filling in the corresponding circle on the rear page of the answer sheet.  If you have any questions before the exam, please ask.  If you have any questions during the exam, please raise your hand to attract the attention of a proctor.  The proctor will come to you.  Open and start this exam when instructed.  Present your ID card when submitting the exam.  Place your open-ended portion of this exam in the appropriate stack.  Place your 3" x 5" notecard in the appropriate stack.  You may keep the multi-choice portion of this exam, so please mark the answers you selected on it.

	Ka[CH3COOH (aq)] = 1.80 x 10-5
(acetic acid)
	Ka[C6H5COOH (aq)] = 6.30 x 10-5
(benzoic acid)

	Ka[CH2ClCOOH (aq)] = 1.40 x 10-3
(chloroacetic acid)
	Kb[NH3 (aq)] = 1.80 x 10-5
(ammonia)


Please read each question carefully.  The names and K values for several weak acids and bases are above.

1.
The pH of 0.500 M HNO3 (aq) is:


(A)
0.301.


(B)
0.500.


(C)
2.25.


(D)
4.50.


(E)
13.5.

2.
C6H5COOH (aq) is a weak acid (Ka given above).  The pH of 0.500 M C6H5COOH (aq) is:


(A)
0.301.


(B)
0.500.


(C)
2.25.


(D)
4.50.


(E)
13.5.

3.
The pH of an aqueous system is measured to be 2.00.  The concentration of hydroxide ion in this system is:


(A)
[OH-] = 0.0200.


(B)
[OH-] = 2.00.


(C)
[OH-] = 12.00.


(D)
[OH-] = 0.0100.


(E)
[OH-] = 1.00 x 10-12.

4.
The pH of a buffer system which is 3.00 M CH2ClCOOH (aq) and 3.00 M CH2ClCOONa (aq) is:


(A)
1.43.


(B)
1.50.


(C)
2.85.


(D)
3.00.


(E)
6.00.

5.
Which of the following three buffer systems has the lowest pH?


(A)
the aqueous buffer system which is [CH3COOH] = 2.00 M and [CH3COONa] = 1.00 M.


(B)
the aqueous buffer system which is [CH3COOH] = 1.00 M and [CH3COONa] = 1.00 M.


(C)
the aqueous buffer system which is [CH3COOH] = 1.00 M and [CH3COONa] = 2.00 M.

6.
A student titrates 0.6000 grams of KHP (potassium hydrogen phthalate; MW=204.2 g/mol) to the equivalence point with 28.55 mL of NaOH (aq).  The concentration of the NaOH solution is:


(A)
4.291 M.


(B)
0.1029 M.


(C)
0.1070 M.


(D)
7.152 M.


(E)
9.717 M.

7.
Consider the reaction of acetic acid and water.  The conjugate base is:


(A)
CH3COOH.


(B)
CH3COO-.


(C)
NH4+.


(D)
H2O.


(E)
H3O+.

8.
The pH of 1.00 M sodium acetate, CH3COONa (aq), is:


(A)
Greater than 7.00.


(B)
7.00.


(C)
Less than 7.00.

9.
Consider 1.50 M benzoic acid, 1.50 M chloroacetic acid, 1.75 M benzoic acid, or 1.75 M chloroacetic acid.  Which of the following has the HIGHEST pH?


(A)
1.50 M benzoic acid.


(B)
1.50 M chloroacetic acid.


(C)
1.75 M benzoic acid.


(D)
1.75 M chloroacetic acid.

10.
The solubility of Fe(OH)2, is measured to be 5.84 x 10-6 M.  The OH- concentration, [OH-], is:


(A)
5.84 x 10-6 M.


(B)
1.17 x 10-5 M.


(C)
2.34 x 10-5 M.


(D)
3.41 x 10-11 M.


(E)
1.36 x 10-10 M.

11.
The Ksp for CaF2 is 3.92 x 10-11.  The solubility of CaF2 is:


(A)
1.96 x 10-11 M.


(B)
1.96 x 10-8 M.


(C)
1.96 x 10-7 M.


(D)
2.14 x 10-4 M.


(E)
1.46 x 10–2 M

12.
Which of the following processes exhibits an increase in entropy of the system?


(A)
N2O4 (g) → 2 NO2 (g)


(B)
H2O (l) → H2O (s)


(C)
H2O (g) → H2O (s)


(D)
CH3OH (g) → CH3OH (l)

13.
Which of the following statements is true?


(A)
All endothermic processes which result in a system of greater disorder are spontaneous.


(B)
All endothermic processes which result in a system of greater order are spontaneous.


(C)
All exothermic processes which result in a system of greater disorder are spontaneous.


(D)
All exothermic processes which result in a system of greater order are spontaneous.

14.
Consider the combustion of methane in oxygen to form carbon dioxide and steam.


(A)
This process is spontaneous.


(B)
This process is not spontaneous.

15.
Which of the following statements is true?

(A)
An exothermic process which leads to greater order can be spontaneous at lower 

temperatures.

(B)
An exothermic process which leads to greater order cannot be spontaneous at lower 

temperatures.

16.
Consider the process Hg2+ (aq) + S2- (aq) ↔ HgS (s) where K = 5.0 x 1052.

(A)
ΔG will be negative and the process is spontaneous.


(B)
ΔG will be positive and the process is spontaneous.

(C)
ΔG will be negative and the process is not spontaneous.

(D)
ΔG will be positive and the process is not spontaneous.
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1.
Show the dissociation reaction for HNO3 (aq).

2.
Write the three dissociation reactions for the triprotic phosphoric acid (H3PO4).
3.
Write the Ksp expression for the equilibrium Fe(OH)2 (s) ↔ Fe2+ (aq) + 2 OH- (aq).

4.
Write the reaction for the autoionization of water.

5.
Write a balanced chemical equation for an exothermic process in which entropy increases.

6.
Write a balanced chemical equation for an endothermic process in which entropy increases.

[Turn over for open-ended questions 7 through 9]
7.
Calculate ΔSºreaction (298 K) for the combustion of propane:

C3H8 (g) +  5 O2 (g) → 3 CO2 (g) + 4 H2O (l)

	Formula
	ΔHºf (kJ/mol)
	ΔGºf (kJ/mol)
	Sº (J/mol●K)

	C3H8 (g)
	-103.8
	-23.56
	270.2

	O2 (g)
	0
	0
	205.0

	CO2 (g)
	-393.5
	-394.4
	213.6

	H2O (l)
	-285.8
	-237.2
	69.91


8.
As indicated in the table shown above (in open-ended Question 7), for H2O (l) Sº = 69.91 J/mol●K and for CO2 (g) Sº = 213.6 J/mol●K.  Why is the entropy for H2O (l) so much less than for CO2 (g)?
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9.
Consider the molecule:

Is this molecule an acid or a base?  Explain.







