CHM 2046 EXAM 3

Name ______________________________

U#______________________________ Section 0901

Fill in your name, U#, and section on this test booklet. Fill in and bubble in your name, U#, and section (0901) on the
scantron form. This is FORM D. Mark the best answer after reading all possible choices. Use a #2 pencil and make clean
erasures to insure proper scoring. When finished, turn in your scantron sheet and your short answer responses to the
proctor. Please show your ID to the proctor. Good Luck!

1.Which of the following acids and their conjugate
base would be best to form a buffer with a pH of
8.00?
A.
B.
C.
D.
E.

HC7H5O2
HF
HClO
HCN
HC6H5O

pKa = 4.19
pKa = 3.46
pKa = 7.54
pKa = 9.31
pKa = 9.89

4.

A buffer solution is prepared so that the
concentration of propanoic acid is 0.145 M and the
concentration of its conjugate base propanoate is
0.115 M. What is the pH of this buffer solution?
-5
For propanoic acid, Ka = 1.3 × 10 .
A.
B.
C.
D.
E.

4.78
4.37
4.12
5.08
4.99

2. Two buffer solutions are prepared using the same
conjugate pair.
Buffer 1: [Base] = 0.010 M and [Acid] = 0.010 M
Buffer 2: [Base] = 0.100 M and [Acid] = 0.100 M
Choose the correct option:
A. Buffer 1 has a higher pH than Buffer 2
B. Buffer range for Buffer 1 is larger than for
Buffer 2
C. The buffer capacity for Buffer 1 is larger than
for Buffer 2
D. Buffer 2 can neutralize more acid added than
buffer 1.

3. Consider a solution prepared using HC3H5O2 and
NaC3H5O2. If the pKa of HC3H5O2 is 4.89 and
[HC3H5O2] > [NaC3H5O2], what can be said about
the pH of the solution?
A.
B.
C.
D.

pH = 4.89
pH > 4.89
pH < 4.89
pH = 7.0

5. A 50.0 mL sample of 0.200 M HBr is titrated with
0.100 M NaOH. Determine the pH of the solution after
the addition of 50.00 mL of NaOH. Assume volumes
are additive!
A.
B.
C.
D.
E.

17.00
1.30
4.62
8.62
7.15

6. Two 25.0-mL samples, one of 0.100 of HCl (a
strong acid) and the other 0.100 M of HF (a weak acid)
are titrated (separately) with 0.200 M NaOH (strong
base). Choose the correct option:
A. The strong acid (HCl) will require more NaOH to
be neutralized.
B. The weak acid (HF) will require more NaOH to be
neutralized.
C. The pH at equivalence point for the titration of the
strong acid will be 7.0
D. At the equivalence point, the pH for the titration of
the weak acid will be acidic.
Continued on next page
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7. Consider the titration curves below (pH versus
volume of titrant added). Which one represents the
titration of a weak acid with a strong base?

A.

B.

10. Which one is the correct expression for Ksp for
La(IO3)3?

C.

D. Titration curves A and C are both titrations of weak
acids with strong bases.

8. Soluble compounds of barium are highly toxic.
However, barium sulfate (BaSO4) in suspension is
frequently administered orally as a radiocontrast
agent for X-ray imaging and other diagnostic
procedures. We better make sure its solubility is very
low!
Use the value of the solubility product to find molar
solubility of BaSO4, Ksp = 1.7 x 10-10.
A.
B.
C.
D.
E.

1.84 x 10-5
2.29 x 10-4
7.23 x 10-1
1.82 x 10-16
1.30 x 10-5

11. Choose the correct statement:
A. Reactions with positive ΔS are intrinsically
fast.
B. The Second Law of Thermodynamics implies
that ΔSSystem = - ΔSSurroundings.
C. Endothermic reactions decrease the entropy of
the surroundings.
D. Entropy is an intensive property; therefore, it is
independent on the amount of substance.
E. Dissolving a salt in water decreases the
entropy of the system.

12. Consider the figure and choose the correct option:

9. A solution is saturated in CaF2. What will be the
effect on the solubility of CaF2 when NaF (a soluble
salt) is added to the solution?
CaF2(s) ⇌ Ca2+(aq) + 2 F-(aq)
NaF(s)  Na+(aq) + F- (aq)
A. Ksp will decrease
B. CaF2 is insoluble; therefore, there will be no
change.
C. Solubility of CaF2 increases
D. Solubility of CaF2 decreases
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A. Ssolid > Sliquid
B. ΔS for a liquid is independent of temperature
changes.
C. ΔS associated with phase changes is negligible.
D. Condensation is accompanied by a decrease in
entropy.
Continued on next page
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13. When water freezes below 0 ˚C, its entropy
decreases; however, this process is spontaneous.
For this case and according to the Second Law of
Thermodynamics:
ΔSUniverse = ΔSSystem + ΔSSurroundings
A.
B.
C.
D.

ΔSUniverse = 0
ΔSUniverse < ΔSSystem
ΔSSurroundings = 0
ΔSSurroundings must be positive and greater than
ΔSSystem
E. ΔSSurroundings must be negative and greater than
ΔSSystem

16. Consider the synthesis of carbon tetrachloride and
choose the correct option:

C(s) + 2 Cl2(g)
∆H = -95.7 kJ

⇌

CCl4(g)

∆S = -142.2 J/K

A. This reaction is spontaneous at all temperatures.
B. Increasing the temperature makes this reaction
more spontaneous.
C. This reaction is non-spontaneous at all temperatures.
D. Increasing the temperature makes this reaction less
spontaneous.

14. For which reaction would you expect ∆S° to be
largest positive value?
A. N2O(g) + 2H2O(g) ⇌ NH4NO3(s)

17. Calculate the free energy change for this reaction at
25 °C.
2 Ca(s) + O2(g)  2 CaO(s)

B. Cl-(aq) + AgNO3 (aq) ⇌ AgCl(s) + NO3-(aq)
C. H2(g) + F2(g) ⇌ 2 HF(g)

D. TiO2(s) + CCl4(l) ⇌ TiCl4(l) + CO2(g)

15. The change in Gibbs free energy, G (also called
chemical potential) is a criterion useful to:
A. Predict whether a chemical process occurs
spontaneously
B. Describe the equilibrium concentrations of a
reaction
C. Predict the speed of a reaction
D. Calculate entropy changes in a chemical
reaction

A.
B.
C.
D.
E.

ΔH° = -1269.8 kJ
ΔS° = -364.6 J/K

- 107.4 kJ
- 1378.4 kJ
- 1161.1 kJ
+ 1378.4 kJ
+ 1634.4 kJ

18. We can use the following equation to find ΔG
under nonstandard conditions:
ΔG = ΔGo + RT ln Q
Consider that the concentrations of the products
are considerably larger than the concentrations of
the reactants. Compared to standard conditions:
A. The reaction is more spontaneous under the
new conditions (i.e. ΔG is more negative).
B. The reaction is less spontaneous under the new
conditions. (i.e. ΔG is less negative).
C. Concentrations do not affect the spontaneity.
D. More products will be produced to reach
equilibrium.
E. The reaction is nonspontaneous.
Continued on next page
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19. Under standard conditions ∆G° equals −26.5 kJ for
the following reaction.
PCl5(g) ⇌ PCl3(g) + Cl2(g)
What is ∆G at 500 °C if the concentration of PCl5
is 1.00M and the concentration of PCl3 and Cl2 are
each 0.11 M?
A.
B.
C.
D.

23. The following redox reaction occurs in acidic
solution. To balance this reaction you will need to add
H+ and H2O to the equation. Choose the option that
shows the coefficients for Cu+ and H2O in the balanced
equation, respectively.
NO3- (aq) + Cu(s) ⇌ Cu+(aq) + NO(g)
A. 1, 2
B. 2, 3
C. 3, 2
D. 4, 2
E. 1, 3

−28.4 kJ
10.9 kJ
−44.9 kJ
−54.9 kJ

20. The oxidation states of nitrogen in NO3-, NO, and
HNO2 are, respectively:
A.
B.
C.
D.
E.

-1, 0, 0
-1, +2, +5
+5, 0, +1
+5, +2, +3
+5, +2, +5

24. Which reagent is capable of reducing Br2 (1M) to
Br-(aq) at 25 °C? [Standard reduction potentials
are given at the end of this exam.]
A.
B.
C.
E.

Cl2 (g)
Cl- (aq)
Au (s)
Ag (s)

21. What species is oxidized in the following reaction?
2 Au(s) + 3 H2O2(aq) + 6H+(aq) ⇌ 2Au3+(aq) + 6H2O(l)
A. Au
B. H2O2
C. H+
D. Au3+
E. This is not a redox reaction

25. For the reaction:
Ni(s) + Pb+2(aq) ⇌ Ni+2(aq) + Pb(s)

22. How many electrons are transferred in this reaction
(find the value for n)?
2 Au(s) + 3 H2O2(aq) + 6H+(aq) ⇌ 2Au3+(aq) + 6H2O(l)
A.
B.
C.
D.
E.

0
2
3
4
6

The standard cell potential Eocell is…
A. - 0.13 V
B. + 0.39 V
C. + 0.13 V
D. 0.00 V
E. −0.39 V

Please answer the essay questions on next page.
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Short answer. Please, turn in this sheet with your scantron.
Name: _____________________________________________________ U#: ____________________________
Choose either Question 26A or Question 26B (Answer only one of them. DO NOT ANSWER BOTH).
Question 26A Compare the standard molar entropy
for three common forms of iodine in different states of
matter. Explain the trend in the values; why are they
different?
Substance (state of
Sº in J/mol K
matter)
I (gas)
180.79
I2 (solid)
116.14
I2 (gas)
260.69

Question 26B What is the purpose of using a
salt bridge in an electrochemical cell? Explain
what it is and how it works.

Answer to Question 26A or 26B:

Question 27 (This question is optional, extra credit):
Pick one topic, concept, law, idea or equation from the material covered in this exam that for some reason has captured
your attention. Explain why you find it interesting. This may be something that you understand better now than
before taking CHM 2046 (e.g. spontaneity, rusting, batteries, entropy). Or maybe something you just find interesting
(e.g. Second Law of Thermodynamics; precipitation of heavy metals from an aqueous solution; predicting spontaneity
not only based on enthalpy but considering entropy, too). This is a very open-ended question.
Answer to Question 27:
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USEFUL INFORMATION – EXAM 3 – Fall 2013
Ion Product Constant for water, Kw:
Kw = [H3O+] [OH-] (at 25 ºC, Kw = 1.0 x 10-14)
Expression for the pH scale:

Relationship between Ka, Kb and Kw:
Ka x Kb = Kw = 1.0 x 10-14
pKw = pKa + pKb = 14

pH = -log [H3O+]
pOH = -log [HO-]

pKa = -log Ka

Hendeson & Hasselbalch Equation:

pH = pKa + log [base]/[acid]

Effective buffer range:

pH range = pKa +/- 1

Table 1. Standard Reduction Potentials at 25 ° C
ΔSuniv = ΔSsurroundings + ΔSsystem



pKb = -log Kb

Reduction Half Reaction
Co3+(aq) + e-

→

Co2+(aq)

1.82 V

→

Au(s)

1.50 V

Cl2(g) + 2e-

→

2Cl (aq)

1.36 V

-

→

2Br (aq)

1.09 V

3+

ΔSsurroundings = - ΔHsystem / T
ΔG = ΔH − T ΔS

Au (aq) + 3e

Br2(l) + 2e

Hg(l)

0.85 V

→

Ag(s)

0.80 V

Fe3+(aq) + e-

→

Fe2+(aq)

0.77 V

→

Rh(s)

0.76 V

→

2I (aq)

0.54 V

→

Cu(s)

0.52 V

Cu2+(aq) + 2 e-

→

Cu(s)

0.34 V

2H+(aq) + 2e-

→

H2(g)

0.00 V

Fe3+(aq) + 3e-

3+

Rh (aq) + 3e

ΔGo = −nFE°

R = 8.314 J/K·mol = 0.08206 L·atm/ K·mol
E°cell = E°ox + E°red

-

I2(s) + 2e−

−

→

Ag (aq) + e

ΔG = −RT ln K

−

-

+

o

1 F = 96,500 C/mol e

-

Hg2+(aq) + 2e-

ΔG = ΔGo + RT ln Q

Eo

+

Cu (aq) + e

-

−

→

Fe(s)

−0.036V

-

→

Pb(s)

−0.13 V

Sn2+(aq) + 2e-

→

Sn(s)

−0.14 V

Ni (aq) + 2e-

→

Ni(s)

−0.26 V

U4+(aq) + e-

→

U3+(aq)

−0.61 V

-

→

Fe(s)

−0.45 V

Cr3+(aq) + 3e-

→

Cr(s)

−0.74 V

Zn2+(aq) + 2e-

→

Zn(s)

−0.76 V

Al3+(aq) + 3e-

→

Al(s)

−1.66 V

→

Mg(s)

−2.37 V

2+

Pb (aq) + 2e
2+

2+

Fe (aq) + 2e

2+

Mg (aq) + 2e

-

