Chemistry 104, Summer 2022
Exam 3 (100 points)

1. Which of the following statements are true and which — false? For the false statements,

provide a brief explanation why they are false. (12 points)
a. Based on the table on p. 13, Mg is the best oxidizing agent of all the substances
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Chemistry 104, Summer 2022
Exam 3 (100 points)
2. Consider the following unlabeled voltaic cell. One of the half-cells is Al (s)] Al?* (ag, 1.0

M); the other half-cell is Fe (s)|Fe?* (aq, 1.0 M).
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e. At which electrode

a. Clearly label the el
symbols. Label the electrodes as the anode and the cathod

does the oxidation reaction happen? The reduction reaction? (8 points)

Write the balanced chemical equation for the reaction that occurs in this voltaic

cell. (3 points) ‘
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c. Clearly show the direction of the movement of the Qgctrons in the wire
(external circuit) and K* and NO3™ ions in the KNO; salt bridge on the diagram. (3

points)
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3. Consider the following reaction:

2 FeS04 (s) = Fe;0s3 (s) + SO (g) + SOz (g)

Substance | AH'¢ (k) mol?) |S° (JK*mol?) | AG" (k) mol?)
FeSOa (s) -928.43 120.918 -825.08
Fe;0; (s) -825.5 87.40 -742.2

SOz (g) —296.84 248.21 -300.13

SOs (g) -395.77 256.77 -371.04

a. What do you expect the sign of AS" to be for this reaction? Briefly explain. Verify
your prediction by calculating AS® for this reaction. (5 points)
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b. Calculate AH" and AG” for this reaction at 25 °C. (6 points)
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Exam 3 (100 points)
c. Is this reaction product-favored at relatively high or low temperatures? Briefly

explain. (4 points) —=
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4. An aqueous solution of an unknown salt of rl)themum is electrolyzed by a current of
2.50 A passing for 50.0 min. If 2.618 g Ru is produced at the cathode, what is the charge

on the ruthenium ions in solution? (1A =1C/s) (8 pma)\ .
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5.
a. Consider the electrolysis of molten (pure, liquid) MgBr..

i.  Which element do you expect to be oxidized during this process? (1 point)
@ Gy ( v o P"”& 3
ii.  Which element do you expect to be reduced during this process? (1 point)

O Mg (Mg v Ha )

. Whatis the voltage that needs to be applled to make this electrolysis
happen? (2 points)
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b. Now consider the electrolysis of aqueous MgBr,.

i.  What reaction do you expect to occur at the anode and what is the product
produced there? (3 points)
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ii. What reaction do you expect to occur at the cathode and what is the product
produced there?’ (3 points)
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6. Balance the following redox reaction occurring in acidic solution. (8 points)
BrOs™ (aqg) + NHs (aq) > Br~ (aq) + N2 (g)
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7. Avoltaic cell is set up with silver and zinc half-cells at 25 °C. In the zinc half-cell, [Zn?*] =
1.00 M, while the Ag* concentration is unknown. If the cell potential is 1.250 V, what
must be [Ag*]? (10 points)
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8. Consider the reaction Cl, (8) + 21" (ag) ¢ 2 CI” (aq) + 12 (s).

a. Calculate AG® and K for this reaction at 25 “C. Is this reaction product-favored as
written? (7 points)
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b. What do you expect the sign of AS® of this reaction to be? Briefly explain. (2
points)
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¢. Wil the standard cell potential of a voltaic cell described by this reaction (E”cen)
increase or decrease when the temperature is raised above 25 °C? Briefly -
explain. (4 points)
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9. In previous chapters you learned about autoionization of water and K.

2 H20 (I) < H30* (aq) + OH" (aq)

a. Calculate AG" for this process at 25 °C in kJ mol. (3 points)

M = —RT WK =
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b.

Calculate AG for this process at 25 *C when [H30'] =1.0x 102 M and [OH] = 1.0

x 108 M. Is autoionization of water spontaneous under these conditions? (4
points)

: gl Yy s o /._'7 AL /‘(_. it \ 2 s
(39900 Tl ) (@314 T viol (%L ) (10410 (oxd

12

Scanned with CamScanner


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

