
Me, ChemlB, Fall11, Lee Exam3 Name _

Read questions carefully to understand what is being asked, before answering. No outside paper is allowed. Use the
reverse side of your answer paper as scratch. Use the important equation table and periodic table provided. (Total
points = 62 + 39 + 9 = 110).

Show your calculation first with set up equation. Then use the raw data with units in the equation in the equation
and then complete the calculation.

1) The following information is available for the reaction at 25°C:
CaC03 (s) ----> CaO (s) + C02 (g)
-1129.16 -603.42 -394.36
-1207.6 -635.09 -393.51
91.7 38.2 213.74

1) _

aGf" (kJ/mol)
aHf" (kJ/mol)
Sf" (J/K.mol)

(a) Calculate the Gibbs free energy change of the reaction (3pts.) .

(b) Calculate the temperature in °C when the reaction will be favorable (5 pts.).

2) The standard entropy of formation of SiCI4(9), is -134.1 J/K·mol. 2) _
Si(s) + 2 CI2 (g) -> SiCI4 (g)
Calculate the standard molar entropy of SiCI4(g) given: SO[Si(s)] = 18.8 J/K-mol-rxn
and SO[CI2(g)] = 223.1 J/K·mol-rxn. (6 pts.)

1

--------------~~~--------------------------------------------------------------------- -----



C (s) + 02 (g) -> C02 (g) A GO = -394.4 kJ
2 CO (g) + 02 (g) -> C02 (g) A GO = -514.4 kJ

Calculate the standard free energy of formation of CO (8 pts.):
C (s) + 1/202 (g) -> CO (g)

3) _3) Given:

4) A voltaic cell using the reaction below, has a standard cell potential of +1.19V: 4) _
Tl3+ (aq)» 2 Cr2+ (aq) ---> Tl+ (aq)» 2 Cr3+ (aq)

(a) Write the cathode cell reaction (2pt):

(b) Write the anode cell reaction (2pt):

(c) If Cr3+ (aq) + e- --> Cr2+ (aq) has EredO = - 0.43 V; then calculate the
EredOfor reduction of Tl3+ (aq) to Tl+ (aq) (4pt):

(d) Draw a diagram of the voltaic cell. Make sure to
(a) label the cathode (lpt)
(b) label the anode (lpt)
(c) indicate the direction of electron flow outside the cell (lpt)
(d) show salt bridge (lpt)
(e) show direction of flow of cation along the salt bridge (lpt)
(f) show direction of flow of anion along the salt bridge (lpt)
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5) The standard cell potential (EO)of a voltaic cell constructed using the cell reaction 5) _
below is 0.76 V:

Zn (s) +2H+ (aq) .....•.Zn2+ (aq) +H2 (g)

With PrI2 = 1.0 atm and [Zn2+] = 1.0M, the cell potential is 0.66 V. Show set up and

all your work to calculate the concentration of H+ in the cathode compartment (10
pts.).

6) For the cell reaction: 6) _
3 Ni2+ (aq) + 2 Cr(OH)3(s) + 10 OH-(aq) ---> 3 Ni (s) + 2 Cr042- (aq) + 8 H20

(1);
Given: Cr042- (aq) + 4 H20 (1) + 3 e- ---> Cr(OH)3(s) + 50H-(aq) EOred= -0.13 V;

Ni2+ (aq) + 2e- --> Ni (s) EOred = -0.28 V;

(a) Calculate the EO at T = 298 K (4 pts.)

(b) Calculate the standard free energy change i1GO at T = 298 K for the above
reaction (6 pts.);
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(c) Calculate the equilibrium constant, Kat T = 298 K for the above reaction (6 pts.);
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MULTIPLE CHOICE. Please answer on your scantron starting at bubble 7. Show your work to select the one
response that best completes the statement or answers the question (3 pts each).

7) ~ electrons appear in the following half-reaction when it is balanced. 7) _

A)2 B) 3 q4 0)1 E) 6

8) What is the oxidation number of nitrogen in the HN03?
A) +5 B)+7 q-l 0)+1

8) _
E) +3

9) The half-reaction occurring at the anode in the balanced reaction shown below is 9) _

3Mn04- (aq) + 24H+ (aq) + 5Fe (s) -+ 3Mn2+ (aq) + 5Fe3+ (aq) + 12H20 (1)

A) 2Mn04- (aq) + 12H+ (aq) + 6e- -+ 2Mn2+ (aq) + 3H20 (1)

B) Fe2+ (aq) -+ Fe3+ (aq) + e"
C) Fe (s) -+ Fe3+ (aq) + 3e-
0) Mn04- (aq) + 8H+ (aq) + 5e- -+ Mn2+ (aq) + 4H20 (1)

E) Fe (s) -+ Fe2+ (aq) + 2e-

10) In a voltaic cell lab experiment the Ered of an Al electrode was found to be -0.515 V relative 10) _
to Cu, which acted as a refenece cell. The Ecell is

A) - 1.018V B) + 0.515 V C) + 1.018V 0) - 0.515 V

Table 20.2
Half-reaction
Cr3+ (aq) + 3e- -+ Cr (s)
Fe2+ (aq) + 2e- -+ Fe (s)
Fe3+ (aq) + e- -- Fe2+ (s)
Sn4+ (aq) + 2e- -+ Sn2+ (aq)

-0.74
-0.440

+0.771
+0.154

11) Which of the following reactions will occur spontaneously as written?
A) Sn4+ (aq) + Fe2+ (s) -+ Sn2+ (aq) + Fe (s)
B) 2Cr (s) + 3Fe2+ (s) -+ 3Fe (5) + 2Cr3+ (aq)
C) 2Cr3+ (aq) + 3Sn2+ (aq) -+ 3Sn4+ (aq) + 2Cr (s)
0) Sn2+ (aq) + Fe2+ (s) -+ Sn4+ (aq) + Fe3+ (aq)
E) 3Fe2+ (aq) + Cr3+ (aq) -+ Cr (s) + 3Fe3+ (aq)

11) _
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12) The standard cell potential (EOcell) for the voltaic cell based on the reaction below is
____ V.

12) __

Sn2+ (aq) + 2Fe3+ (aq) --+ 2Fe2+ (aq) + Sn4+ (aq)

A) +1.21 B) +0.617 C) +0.46 D) +1.39 E) -0.46

13) The reduction half reaction occurring in the standard hydrogen electrode is 13) _
A) H2 (g, 1 atm) --+ 2H+ (aq, 1M) + 2e-

B) 2H+ (aq) + 20H- --+ H20 (1)

C) 2H+ (aq, 1M) + Cl2 (aq) --+ 2HCl (aq)

D) 2H+ (aq, 1M) + 2e- --+ H2 (g, 1 atm)

E) 02 (g) + 4H+ (aq) + 4e- --+ 2H20 (1)

14) The standard cell potential (EOcell) for the reaction below is +1.10V. The cell potential for this 14) _

reaction is V when the concentration of [Cu2+] = 1.0 x 10-5 M and
[Zn2+] = 1.0M.

Zn (s) + Cu2+ (aq) --+ Cu (s) + Zn2+ (aq)

A) 0.95 B) 0.80 C) 1.25 D) 1.10 E) 1.40

15) The thermodynamic quantity that expresses the degree of disorder in a system is 15) _
A) bond energy
B) entropy
C) internal energy
D) enthalpy
E) heat flow

16) The normal boiling point of water is 100.0°Cand its molar enthalpy of vaporization is 40.67 16) _
kj/mol, What is the change in entropy in the system in JIK when 39.3 grams of stearn at 1 atm
condenses to a liquid at the normal boiling point?

A) 373 B) 88.8 C) -40.7 D) -88.8 E) -238

17) L'lSis positive for the reaction 17) _
A) 2N02 (g) --+ N204 (g)
B) 2Hg (1) + 02 (g) --+ 2HgO (s)

C) BaF2 (s) --+ Ba2+ (aq) + 2F- (aq)
D) C02 (g) --+ C02 (s)
E) 2H2 (g) + 02 (g) --+ 2H20 (g)

18) Of the following, the entropy of is the largest.
A) HCl (s) B) HCl (g) C) HCl (1) D) HBr (g)

18) _
E) HI (g)
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19) The standard Gibbs free energy of formation of is zero. 19) __

(a) H20 (1)
(b) Na (s)
(c) H2 (g)

A) (a) only
B) (b) only
C) (c) only
D) (b) and (c)
E) (a), (b), and (c)
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TRUEIFALSE. Select A in the scantron if the statement is TRUE and B if the statement is FALSE (3 pts).

20) The standard reduction potential, E 0 d' is proportional to the stoichiometric coefficient.re TorF

21) The entropy of a pure crystalline substance at ooe is zero. TorF

22) The more negative ~G ° is for a given reaction, the larger the value of the corresponding
equilibrium constant, K.

TorF

Show your calculation first with set up equation. Then use the raw data with units in the equation in the equation
and then complete the calculation.

23) Extra Point Question:
Given Cl2 (g) + 2 e- --> 2 Cl- (aq)

12 (s) + 2 e- --> 2 1- (aq)

23) _
EO == + 1.36 V

EO == + 0.54 V

Use above information for the redox reaction Cl2 (g) + 2 1- (aq) -> 2 Cl- (aq) + 12 (s)
and write the
(i) cathode half reaction (2 pts.)

(ii) anode half reaction (2 pts.)

(iii) Show all your quantitave work to decide if the above redox reaction is
spontaneous or not. (4 pts):
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PERIODIC TABLE OF THE ELEMENTS

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

Lanthanide La Ce Pr Nd Sm En Gd Tb Dy Ho Er Tm Yb Lu
138.91 140.12 140.9L 144.24 (145) 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 174.97

. Some Constants & Conversion Factors:
(1) Avogadro number: N = 6.022 x 10 23/mole (2) Planck's constant: h = 6.626 x 10 -34 J.sec
(3) Gas Constant: R = 0.0821atm L'mol K or R = 8.3 I45J/mol K; (4) Speed of Light: c = 2.997 x 10 8 mlsec
(5) Electronic Charge: e = 1.602 x 10 -19 Coulomb (6) Jt rt = 3.14159
(7) 1 joule = 1 kg. m2 Is2= 0.239 calorie = (l coulomb) x (l volt); (8) 1 calorie = 4.184 joules (9) Faraday's
Constant: F = 9.648 x 10 4 coulomb Imol electron; (10) 1 pascal = 1 Newton I m2 = 1 kg/m.s"; (11) 1 atm =
760mm Hg = 760 torr (12) K = DC+ 273.15 DC; (13) DC15 = COF- 32) I 9 (14) 1 m = 100 em; (15) 1
nm = 10 -9 m; (16) 1 pm = 10 -12 m; (17) 1 L = 1000 crrr' (18) 1 kg = 10 3 g; (19) 1 g = 10 3 mg; (20) l lb =
453.6g.
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