CHM 106
Exam Il

1. Anunknown metal M forms a soluble compound M(NO3)..

a) A 0.50 L solution of M(NOs3), of unknown concentration is electrolyzed. A constant current
of 2.50 amperesis applied for 35.0 minutes, after which 3.06 grams of the metal M is deposited
and the reaction is complete. Calculate the molar mass of M and identify the metal.

b) A galvanic cell is constructed with the metal M and a 1.0 M solution of M(NOs3), in one half-
cell and zinc metal and 1.0 M ZnSO, in the other half-cell. Write the net ionic equation for the
cell reaction and calculate the cell potential  °.

c) What isthe standard free energy change G° for this reaction?

d) A gavanic cell isconstructed with the metal M and a fresh portion of the M(NOs), solution
from part (@) in one half-cell and zinc metal and 1.0 M ZnSO, in the other half cell. What isthe
cell potential  for this galvanic cell?



2. At25°C, HZ=-2183.6 kJ/ mol for the combustion of butyric acid, shown below:
CsH7COOH(I) + 505(g) 4 COx(g) + 4 H2O(1)

Substance HP (kJ/ mol) L3/ mol K)
C(9) 0 5.7
CO(g) 3935 213.8
H(g) 0 205.2
H,0(1) 2858 70.0
0(0) 0 205.2
C5H/COOH() 2 2002

a) From the data above, calculate the standard enthalpy of formation H? for butyric acid.

b) Write a correctly balanced equation for the formation of butyric acid from its el ements.

c) Entropy values for substances are typically tabulated as absol ute entropy (S°) rather than
entropy of formation ( §), which is different from any other energy quantity in
thermodynamics. What property of thermodynamics allows us to do this?

d) We do, however, need the entropy of formation to calculate the free energy of formation.
Calculate the standard entropy of formation S for butyric acid.

e) Calculate the standard free energy of formation  G? for butyric acid.



3. Thelithium-sulfuryl chloride cell is one type of disposable lithium battery used in many
applications that require asmall, lightweight battery with relatively high energy density. In this
galvanic cell, lithium reacts with liquid sulfuryl chloride (SO,Cl,) to produce lithium ions,
chlorideions, and sulfur dioxide.

a) Assign oxidation statesto all atomsinvolved in this reaction.

b) Identify which atom is being oxidized and which atom is being reduced.

c) ldentify the oxidizing agent and the reducing agent in this reaction.

d) Using the method of half-reactions, balance this chemical equation. Show your work.



e) Thestandard cell potential for thisbattery is  °=3.9 V. What is the standard reduction
potential of the sulfuryl chloride half-reaction?

f) Inthiscell, the sulfuryl chlorideisaliquid that is apoor conductor so an inert graphite
electrodeisused. What isthe line notation for this cell?

g) One commercial lithium-sulfuryl chloride cell can supply a constant current of 0.020 A for 80
hours before being completely discharged. If the sulfuryl chlorideisthe limiting reagent in this
battery, what mass of sulfuryl chloride does the battery contain?



4. Dinitrogen trioxide exists in an equilibrium between nitric oxide and nitrogen dioxide:
N20s(g) NO(g) + NOx(g)

Substance HY (kJ/mol)  S*(3/mol K)

N2>Os(0) ? 308.5
NO(g) 90.3 210.7
NO(9) 33.1 240.0

a) A flask initially containing 0.0400 M of pure N,Os(g) a 0 °C has an equilibrium
concentration of [NO] = 0.0371 M. What is the value of the equilibrium constant at 0 °C?

b) What isthevalueof Gat0°C?

c) What isthevalueof S’ for thisreaction at 25 °C?

d) Assumingthat H°and S°do not depend on temperature, what is  H° at 25 °C?

e) Whatis H; for NoOs(g) at 25 °C?



5. Explain each of the following phenomena:

a) When an agueous solution of NaCl is electrolyzed, Cl,(g) is produced at the anode, but no
Na(s) is produced at the cathode.

b) The mass of Fe(s) produced when 1 Faraday (96,485 C) is used to reduce a solution of FeSO,
is 1.5 times the mass of Fe(s) when 1 Faraday of charge is used to reduce a solution of FeCls.

¢) Chlororoform (CHCI3) has a boiling point of 61.7 °C. The condensation of chloroformis
exergonic for all temperatures less than 61.7 °C.

d) Thegavaniccdl Zn zZn** (1.0M) Pb* (1.0M) Pb hasthe same potentia asthe
gavaniccel Zn* (0.010M) Pb* (0.010M) Ph.

e) A red processwith G =-100kJ/ mol can only do lessthan 100 kJ/ mol of useful work.



For the remaining questions, circle the letter that corresponds to the best answer.

6. Which of the following reagents is the strongest oxidizing agent?

(A) Br
(B) cCe*
(© H
(D) Li*
(BE) 2Zn

7. Which one of the following reagents is the strongest reducing agent?

(A) Br
B) ce*
(C) H
(D) Li
(E) zn*

8. A strip of copper isplacedina 1.0 M solution of copper nitrate and a strip of silver is placed
in asolution of 1.0 M silver nitrate. The two metal strips are connected to an electrical load by
wires and the two solutions are connected by a salt bridge. Which of the following does not take
place?

(A)  Thesilver electrode increases in mass as the cell operates.
(B) Thereisanet movement of silver ions through the salt bridge to the copper half-

cell.

(C)  Electronsflow in the externa circuit from the copper electrode to the silver
electrode.

(D)  Negativeions pass through the salt bridge from the silver half-cell to the copper
half-cell.

(E)  Some positive copper ions pass through the salt bridge from the copper half-cell
to the silver half-cell.

9. When a stable diatomic molecul e spontaneously forms from its atoms, what are the signs of
H°, < and G° respectively?

(A) +, +, +
(B) .
© , o+, +
() I

(E) ot



10. Supposethat thesystem Al AI**  Cu?* Cuisto beutilized asagalvanic cell. Which of
the following statements is true?

1.
V.

V.

Copper is the anode and aluminum is the cathode.

Electrons will flow from the aluminum electrode to the copper electrode.
Thecell potential  ° can be increased by increasing the concentration of [Cu
The cell potential  ° will be at @ minimum when the system reaches equilibrium.
The reaction is spontaneous when aluminum is reduced and copper is oxidized.

2.

(A) 1,11, and IV
B) 11,111, and V
(© 1,11, andV
(D) |andV
(E) IlandIV

11. Which of the following reactions has the largest positive value of S per mol of Cl,?

(A)  Hx(g) +Clxg) 2HCI(9)

(B) Cly(g) +%0,(g) Cl.O(g)

(C) Mg(s)+Cly(g) MgClx(s)

(D)  2NH4CI(s) Nz(g) +4 Hx(g) + Clx(9)
(E) Clxag) 2Cl(g)

12. Thefollowing reaction occursin basic solution: F, + HO O, + F . When the equation is
balanced, the sum of the coefficients for all speciesis:

(A) 10
(B) 11
() 12
(D) 13

(E)  none of the above

13. A particular reaction hasanegative H and anegative S. Which of the following
statementsistrue?

(A)  Thereaction is spontaneous at all temperatures.

(B)  Thereaction is nonspontaneous at al temperatures.

(C)  Thereaction becomes spontaneous as temperature increases.
(D)  The reaction becomes spontaneous as temperature decreases.
(E)  Thereactionisaways at equilibrium.



14. A mixture of hydrogen and chlorine remains unreacted until it is exposed to ultraviolet light,
at which point the following reaction occurs very rapidly:

Hax(g) + Cla(g) 2 HCI(g)

For thisreaction, G=-4554kJ/ mol, H=-44.12kJ/ mol,and S=-4.76J/ mol K. Which
statement best explains this behavior?

(A)  Thereaction hasasmall equilibrium constant.

(B)  The reactants are thermodynamically more stable than the products.

(C)  Theultraviolet light raises the temperature of the system and makes the reaction
more favorable.

(D) Thenegativevauefor S slows the reaction down.

(E)  Thereaction is spontaneous, but the reactants are kinetically stable.

15. Which of the following statements are true?

l. Exothermic reactions are always spontaneous

. Exergonic reactions are always spontaneous.

[11.  Exentropic reactions are aways spontaneous.

IV. A reaction with anegative S cannot be spontaneous.

V. Free energy is dependent on temperature.
(A) IllandV
(B) landlll
C©) landlV
(D) L Hl,and 1V
(E) II,1V,andV

Equations and Constants
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