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Agis) + H25(g) ——= Ag:S(s) + Hzg)

Which of the following statements is true regarding the reaction above?

(A) Sulfuris being oxidized because its oxidation state changes from —2 to +2.
(B) Hydrogen is being oxidized because its oxidation state changes from +1 to 0.
(C) Silver is being oxidized because its oxidation state changes from 0 to +1.

(D) This is not an oxidation-reduction reaction.

2KMNOs + 3NaxS0: + HO0 ——= 2Mn0Oz + 3 Na:S0s +

Which of the following statements is true regarding the reaction above?

{A) Manganese is oxidized; sulfur is reduced.
(B) Sulfur is oxidized; manganese is reduced.
(C) Potassium is oxidized; hydrogen is reduced.
(D) Hydrogen is oxidized; potassium is reduced.

Which of the following choices represents a pair of substance in which carbon has the same

oxidation state in each substance?

(A) CHs and CHsOH
(B) CHz20 and CO
(C) CzHs and CsHe
(D) CO2 and H2COs

A certain metal is added to a solution of cobalf(ll) nitrate, and no visible sign of reaction occurs.
When this metal is added to a solution of hydrochloric acid, bubbles appear on the surface of

the metal. The identity of metal is most likely to be
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K[5) — Ke[ag) + &

Bajs) — Bar“(ing) » e
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2H:0: — 2H:O0 + 0O:

Which of the following statements is true concerming the reaction shown above?
(A) Hydrogen is oxidized and cxygen is reduced.

(B) Oxygen is oxidized and hydrogen is reduced.

(C) Oxygen is both oxidized and reduced.

(D) Mo elements are oxidized or reduced; the reaction is not a redox reaction.

Al(ag) + 38 — Alf) E°=-166V

Ag'(ag) + ¢ — Agls) E=+080V

According to the standard reduction potenfials given above, which of the following mathematical
operations correctly calculates the standard cell potential for the reaction represented below?

JAgTag) + AlD) — 3Agis) + APag)

[A) (~1.66 V) + [(31=0.80 V)] =—4.06 V
(B) (+1.66 V) + [(3)(+0.80 V)] = +4.06 V
(C) (~1.66 V) + (D80 V)=-246V
D) (+1.66 V) + (+080 V) =+246 V

Half-reaction Standard Reduction Potential at 25°C (V)
Li"(ag) + & — Li(s) 305
2HOM + 2 — Hag) + 20H (ag) —0.83

A direct current is passed through a 1.00 M aqueous solution of lithium chloride (LiCl). Chlorine
gas 15 observed as a product at the anode. Based on the information in the table above, which of the

followimg 1dentifies the chemical species that 15 formed at the cathode and gives the comrect justfication?

(A) Li(s) is produced at the cathode because | —3.05 | is greater than | —0.33 |.
(B) Hzig) is produced at the cathode because | -0.83 | is less than [-3.03 |.

(C) Li(s) 15 produced at the cathode because the reduction of water 1s more favorable than the
reduction of lithium ions.

(D) Hzlg) is produced at the cathode because the reduction of lithium 1ons 15 more favorable than the
reduction of water.


https://youtu.be/zud0Uw5suOM?list=PLmtMZsGcmFltpwSFM7mSS_oTaIrS71sH2&t=532
https://youtu.be/gKkRO8nynQU?list=PLmtMZsGcmFltpwSFM7mSS_oTaIrS71sH2&t=0

4.

Questions 5

Reaction #1: 3 Mg(s) + Nag) — MazNa(s)
Reaction #2: 3 Fa(g) + Na(g) — 2 NFi(g)

Which of the following statements is true concerning the two reactions shown above?

(A) N2 is oxadized in both reactions.
(B) N2 s reduced i both reactions.
(C) N2 is oxidized in Reaction #1. and reduced in Reaction #2.

(D) N2 is oxadized in Reaction #2, and reduced in Reaction #1.

7 refer to galvanic cells made from different combinations of the three half-cells described

below.
Half-cell 1: strip of Al(s) in 1.00 M AINO:)3(aq)
Half-cell 2: strip of Cu(s) in 1.00 M Cu(NO:)2(aq)
Half-cell 3: strip of Fe(s) in 1.00 Af Fe(NOs)2(aq)
Galvanic Half-cells Cell Reaction E° (V)
Cell cell
X land2 |2 Al(s) + 3Cu®(ag) — 2 AP (ag) + 3 Cu(s) | 2.00
Y land3 | 2 Al(s) + 3Fe™(aq) — 2 AP (ag) + 3Fe(s) | 1.22
Z 2 and 3 Fe(s) + Cu’(aq) — Fe’(ag) + Cu(s) ?
5. What is the standard cell potential of galvanic cell Z?

(A) 026V (B) 0.78 V (C) 234V (D) 322V

In galvanic cells Y and Z, which of the following takes place in half-cell 37

(A) Reduction occurs in both cell Y and cell Z.

(B) Oxidation occurs in both cell Y and cell Z.

(C) Reduction occurs in cell Y, and oxidation occurs in cell Z.

(D) Oxidation occurs in cell Y, and reduction occurs m cell Z.

If the half-cell containing 1.00 M Fe(NO3)2(ag) in galvanic cells Y and Z is replaced with a
half-cell containing 5.00 A/ Fe(NOs)2(ag), what will be the effect on the cell voltage of the two
galvanic cells?

(A) The voltage will increase n both cells.

(B) The voltage will decrease in both cells.

(C) The voltage will increase in cell Y and decrease i cell Z.

(D) The voltage will decrease in cell Y and increase in cell Z.

8.

Half-Reaction E° (V)
Agf(ag) + & — Ag(s) | +0.80
Cu¥(ag) + 2e — Cu(s) | +0.34
Ni**(aq) + 2¢ — Ni(s) | -0.28
Zn**(aq) + 2¢ — Zn(s) | -0.76

A standard voltaic cell is to be constructed using two different metals. Based on the standard
reduction potentials listed in the table above, which combination will produce the largest cell
potential?

(A) silver and copper
(B) silver and zine
(C) nickel and copper
(D) nickel and zinc

Half-Reaction E° (V)
Chig) + 2¢& — 2CIag) | +1.36
Bra(7) 2¢° — 2Br(ag) | +1.06
Fe'(ag) + 2e — Fe(s) | —0.44
— Snfs) | <0.14

Sut(ag) + 2e

Based on the information i the table above. which of the followmg reactions 1s favored to occur under
standard conditions?
(A) Clo(g) + Fel(s)
(B) Fe''(ag) + 2 Briag)
() Bra(l) + 2CI(ag)
(D) Fe''(ag) + Snis)

» 2CI(ag) + Fe'(ag)

+ Fe(s) + Brg)
v 2Br(ag) + Clig)
» Fel(s) + Sn™(aq)

Cu(s) + 2Ag7(ag) == Cu'*(ag) + 2Ag(s)

10. The equilibrium constant for the reaction above is 4 x 103, Which of the following correctly

describes the standard voltage (E°) and the standard free energy change (AG®) for this
reaction?

(A) AG°=0and £° <0

(B) AG°>0and £° =0

(C) AG°<0and £°<0

(D) AG*<0and £° =0
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In a certain experiment, molten CaCl undergoes electrolysis, and the electrical current 1s 12.0
amps. Which of the following calculations is set up correctly to determine the time (in seconds)

required to produce 1.00 gram of calcium?

(A) __(2)(96485)(12.0)

(40.08)
B) 2)(96485
(40.08)(12.0)
(© 96485)(12.0
(40.08)(2)
(D) 96485
(2)(40.08)(12.0)
O,
Wir Voltmeter
Cu(s) electrode bfiﬁg“e

Cu*+{aq)

Cu(s) + 2Ag (aq) — Cul_(aq) + 2 Ag(s)

Wire

Ag(s) electrode

E°=046V

. When the voltaic cell shown above is operated under standard conditions, the initial concentrations of

Cu’*(aq) and Ag™(aq) are cach equal to 1.0 M. The cell potential is equal to 0.46 V at 25°C. A few drops
of concentrated hydrochloric acid. HCl(aq). are added to the beaker containing the cathode. and a
precipitate forms. Which of the following correctly predicts the effect of this change on the cell potential

and gives the correct justification for it?

The cell potential should be... Justification
(A) less than 046 WV [Cu”™] has decreased
(B) more than 0.46 V [Cu”™] has decreased
()] less than 0.46 V [Ag™] has decreased
(D) more than 0.46 V [Ag] has decreased
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For each of the following reactions, identify which elements, if any, are being oxidized and
which elements are being reduced. Fill in the blanks with the correct oxidation numbers for

the appropriate elements before and after the reaction.

If there are no changes in oxidation number for any of the elements in the reaction,
check the box to indicate that it is not an oxidation-reduction reaction.

(a) Fe203 + 3CO —> 2Fe + COz
is being oxidized from to
is being reduced from to

This is not an oxidation-reduction reaction.

(b) K2SOsz + 2HBr —> H0 + SO2 + 2KBr
is being oxidized from to
is being reduced from to

This is not an oxidation—reduction reaction.

and

and


https://youtu.be/zud0Uw5suOM?list=PLmtMZsGcmFltpwSFM7mSS_oTaIrS71sH2&t=1301
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(e) In another expernument, the student places a new Sn electrode wnto a fresh solution of 1.0 M

Cu{NOs)2.
Volmeter
[[—]ﬁ‘ ] Half-Reaction E (V)
Hwitch Co'(ag) + & — Culs) 0.52
. KN, Salt Bridpe “ Cu'(ag) + 2¢ — Cufs) 0.34
Sn¥(ag) + 2e — Sn''(ag) 0.15
Su'f(ag) + 2e — Sn(s) —0.14

(1) Using mformation from the table above, write a net-ionic equation for the reaction
between the Sn electrode and the Cu(NO3)z solution that would be thermodynamueally
favorable. Justify that the reaction is thermodynamically favorable.

LOM CulN,), LM Sa(NUy),

A student 15 given a standard galvanic cell, represented above, that has a Cu electrode and a Sn

electrode. As current flows through the cell, the student determines that the Cu electrode increases in (ii) Calculate the value of AG® for the reaction. Include units with your answer.
mass and the Sn electrode decreases m mass.

Voltmeter
(a) Identify the electrode at which oxidation is occurring. Explain vour reasoning based on the
student’s observations.
Switch
(b) As the mass of the Sn electrode decreases, where does the mass go? e .
(¢) Inthe expanded view of the center portion of the salt bridge shown in the diagram below,
draw and label a particle view of what occurs 1n the salt bridge as the cell begins to
operate. Omit solvent molecules and use arrows to show the movement of particles.
’//'l “\\\ E” Electrolyte
// N = Paste
I”’ \"\\
[,/ KNO; Salt Dridge \
H ‘\ Anode Cathode
i .
:‘. '.’| 2. Metal-air cells are a relatively new type of portable energy source consisting of a metal anode, an
N 7 alkaline electrolyte paste that contains water, and a porous cathode membrane that lets in oxygen from
N\ / the air. A schematic of the cell is shown above. Reduction potentials for the cathode and three possible
'\\ 7 metal anodes are given in the table below.
e L Half Reaction at Ir;mlelﬂ:ili(fg)g K
(d) A nonstandard cell is made by replacing the 1.0 Mf solutions of Cu{NO3): and Sn(NOsz): in the o PPy Tom 2P 01V
standard cell with 0.50 M solutions of Cu(NOs)2 and Su(NOs). The volwmes of solutions m the 2g) 20() ¢ - (aq) : '
nonstandard cell are identical to those in the standard cell. ZnO(s) + H2O(l) + 2¢ — Zn(s) + 2 0H(ag) -1.31V
@ Isth 1 lof il dard cell . less 1 Lot I l NaxO(s) + H2O(l) + 2¢” — 2 Na(s) + 2 OH (aq) -1.60V
1) Is the cell potential of the nonstandard cell greater than. less than. or equal to the cell potentia = p—
of the standard cell? Justify your answer. CaO(s) + HXO() + 2&” — Cals) + 2 OH(aq) —278V
() B?ihl:ihe} standard “(;ld_;wn;lmmhfuf Tell; c:_!lu b; u.sid to power an ellt'clrm.ml.' Lle\']i.‘.t‘. | . (a) Early forms of metal-air cells used zine as the anode. Zine oxide is produced as the cell
Would the nonstandard cell power the device for the same time, a longer time, or a shorter fime operates according to the overall equation below.
as compared with the standard cell? Justify vour answer.

27Zn(s) + Oxg) — 2Zn0O(s)
(1) Using the data m the table above, calculate the cell potential for the zine-amr cell.

(i) The electrolyte paste contains OH™ ions. On the diagram of the cell above, draw an arrow
to indicate the direction of nugration of OH™ 1ons through the electrolyte as the cell
operates.


https://youtu.be/gKkRO8nynQU?list=PLmtMZsGcmFltpwSFM7mSS_oTaIrS71sH2&t=781
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(b) A fresh zinc-air cell is weighed on an analytical balance before being placed in a hearing aid
for use.

(1) As the cell operates, does the mass of the cell increase, decrease. or remam the same?

(i1) Justify your answer to part (b)(i) in terms of the equation for the overall cell reaction.

(¢) The zinc-air cell is taken to the top of a mountain where the air pressure is lower.

(1) Will the cell potential be higher, lower, or the same as the cell potential at the lower
elevation?

(1) Justify your answer to part (¢)(1) based on the equation for the overall cell reaction and the
information above.

(d) Metal-air cells need to be lightweight for many applications. In order to transfer more electrons
with a smaller mass. Na and Ca are investigated as potential anodes. A 1.0 g anode of which of
these metals would transfer more electrons, assuming that the anode is totally conswmned during
the lifetime of a cell? Justify your answer with calculations.

3.

2ALOs() + 3C(s) — 4Al) + 3CO0Ag)
An electrolytic cell produces 235 g of Al(/) according to the equation above.

(a) Calculate the number of moles of electrons that must be transferred in the cell to produce 235 g of

Al(D).

(b) A steady current of 152 A was used during the process. Determine the amount of time, in seconds,
that was needed to produce 235 g of Al(7).

(c) Calculate the volume of CO2(g), measured at 300 K and 1.00 atm, that 1s produced in the process.

When Al(s) 1s placed in a concentrated solution of KOH at 25°C, the reaction represented below occurs.

2 Al(s) + 20H (ag) + 6H20(/) — 2 Al(OH)s(ag) + 3 Ha(g)

Half-reaction E° (V)
Al(OH)4(aq) + 3¢ — Al(s) + 40H (aq) -2.35
2I0() + 2e — Hg) + 20H (ag) ~0.83

(d) Using the table of standard reduction potentials shown above, calculate the following.

(1) E°. mvolts, for the formation of A(OH)s (eg) and Ha(g) at 25°C.

(i1) AG®, in kJ/molw, for the formation of AI(OH)s (ag) and Hz(g) at 25°C.
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