Unit B: Electrochemical Changes — Solutions

Question 1
Assign oxidation numbers and identify the reducing agent (RA) and oxidizing agent (OA):
0 0 +1-1
2Na(g) +Cl,(g) » 2 NaCl(g) + energy
RA OA

It is the OA that undergoes reduction per this half-reaction:

D) Reduction: Cl,(g) > 2Cl (g) + 2 e~
0OA

Question 2

Option B is incorrect. Oxidation is the process of losing electrons.
Option D is incorrect. Oxidation has nothing to do with the loss or gain of protons.
The half-reaction for the oxidation of zinc is as follows:
Zn(s) » Zn**(aq) + 2 e~
Zn(s) loses electrons to form Zn?* ions.

Option C is correct!

Question 3

+2-2 +1 +2 +1-2
Cu 0 (s)+2H"(aq) » Cu®*(aq) + H, 0 (1)

By assigning oxidation numbers for all entities, there is no change in the oxidation number of
copper.

Option D is correct! Neither oxidation nor reduction occurs.
Question 4
The operational definition of reduction is the process of producing metals from their compounds.

Options A, B, and C are incorrect. These options speak of metals or a compound reacting with
oxygen. Oxygen is an oxidizing agent which will undergo reduction itself.

Option D is correct! Zinc metal is produced from a zinc compound (zinc sulfide ore).
Question 5
Options A and C are incorrect. They are acid-base reactions which are not redox reactions.
Option D is incorrect. It is a double replacement reaction which is not a redox reaction.

Option B is correct! It is a single replacement reaction which IS a redox reaction.



Question 6

Mg(s) + 2 H,0(1) » Mg(OH),(s) + Hy(g)
RA 0OA

Metal solids are ALWAY'S reducing agents. The oxidizing agent in this reaction is H20(l) (i).
The half-reaction for the oxidation of Mg(s) is as follows:
Mg(s) » Mg?**(s)+2e”
2 moles of electrons are transferred when powdered magnesium (Mg(s)) reacts (ii).
Option D is correct! i = H,0(l),ii = 2 mol
Question 7

The correct options should show a pure metal solid on the reactants side. Metal solids are
always reducing agents which get oxidized.

The only options which do so are:
N 2Mg(s) + 02(g9) » 2MgO(s)
I1) 2 Al(s) + 3 Cl,(g) — 2AICI5(s)

Option A is correct! I and 11 only

Question 8
1) There is a change in the oxidation number of copper going from reactants to products:
0 +2

Cu(s) + 4 HNOs(aq) —» Cu(NO3),(aq) + 2 NO,(g) + 2 H,0(l) Redox!
I This is a double replacement reaction that is NOT a redox reaction.
Cu(NO3),(aq) + 2 NaOH(aq) —» Cu(OH),(s) + 2 NaNOs(aq)
1) There is no change in oxidation numbers from reactants to products.

+2 /=241 +2-2 +1-2
Cu<0 H) (s)=Cu0O(s)+H,0(0)
2

IV)  This is an acid-base reaction which is NOT a redox reaction.
CuO(s) + H,S0,(aq) —» CuS0,(aq) + H,0(1)
V) This is a single replacement reaction which IS a redox reaction!

+2 0 +2 0
CuS0,(aq) + Zn(s) » ZnS0,(aq) + Cu(s) Redox!

Option B is correct! | and V only



Question 9

The correct options should show a pure metal solid on the reactants side. Metal solids are
always reducing agents which get oxidized and in doing so, lose electrons.

The only options which satisfy this are:
I11) Zn(s) + 2 HCl(aq) — ZnCl,(aq) + H,(g)
IV) Cu(s) + 4 HNOs(aq) —» Cu(NO3),(aq) + 2 NO,(g) + 2 H,0(1)
Option D is correct! 11l and IV

Question 10

The goal is to build a redox table with oxidizing agents in the left column and reducing agents in
the right column.

The strongest oxidizing agent is highest on the left and the strongest reducing agent is lowest on
the right.

Each spontaneous reaction should have its oxidizing agent higher up in the table than its
reducing agent.

One can easily eliminate options C and D because metal solids are NEVER oxidizing agents.

Start by labelling each reactant as an OA or RA:

(1) S?*(aq) +2T(s) » 2T*(aq) + S(s)
0OA RA

(2) R3*(aq) + T(s) = no reaction
0OA RA

(3) 2R3**(aq) + 3V(s) » 3V?*(aq) + 2 R(s)
0A RA

Place oxidizing agents and reducing agents in a table (in bold), orienting them based on the
spontaneity of their reactions.

Oxidizing Agents Reducing Agents

Strongest OA S?*(aq) (1) Weakest RA

T(s) (1)
R*(ag) (2)

Weakest OA V(s) (3) Strongest OA




Finish by filling in the blanks with each OA’s or RA’s conjugate (in italics) as seen on the
products side of the reactions:

Oxidizing Agents

Reducing Agents

Strongest OA S*(aq) S(s) Weakest RA
T*(aq) T(s)
R*(aq) R(s)

Weakest OA VZ*(aq) V(s) Strongest OA

Option A is correct! Listed from strongest to weakest, the correct OA order is: S?*(aq), T*(aq),

R%*(aq), V**(aq).

Question 11

Start by labelling each reactant as an OA or RA. Pay close attention to how the oxidation
numbers are changing as each reactant is a metal ion, which could be either an OA or an RA.

(1) Ce**(aq) + Cut(aq) - Ce3*(aq) + Cu?*(s) spontaneous
0OA RA

(2) Co?*(aq) + Ce**t(aq) - Co3*(aq) + Ce3*(aq) nonspontaneous

0A

(3) 2 Cu?*(aq) + Mn(s) - 2 Cu*(aq) + Mn?**(aq) spontaneous

OA RA

Place oxidizing agents and reducing agents in a table (in bold), orienting them based on the
spontaneity of their reactions.

Oxidizing Agents Reducing Agents

Strongest OA Co?*(aq) (2) Weakest RA
Ce**(aq) (1)
Cu?*(aq) (3) Cu*(aq) (1)

Weakest OA Mn(s) (3) Strongest OA

Finish by filling in the blanks with each OA’s or RA’s conjugate (in italics) as seen on the
products side of the reactions:

Oxidizing Agents Reducing Agents

Strongest OA Co®**(aq) Co?*(aq) Weakest RA
Ce**(aq) Ce**(aq)
Cu*(aq) Cu*(aq)

Weakest OA Mn?*(aq) Mn(s) Strongest OA

Option C is correct! Listed from strongest to weakest, the correct OA order is: Co*(aq),
Ce**(aq), Cu®*(aq), Mn?*(aq).




Question 12

It is important to first identify which entities are oxidizing agents. Remember that metal solids
are always reducing agents. The oxidizing agents are highlighted in the table below in grey.

Ga(s) Fe(s) Zn(s) Mg(s)

1 Ga®**(aq)
2 Fe?*(aq)
3 Zn%*(aq)
4 Mg?**(aq)

XX N X
XX XX

XX NN
XINNIS

Ordering them from strongest to weakest can be easily done by looking at the number of
spontaneous reactions each OA has:

(2) Fe?*(aq) (3 reactions), (1) Ga**(aq) (2 reactions), (3) Zn®*(aq) (1 reaction), (4) Mg**(aq) (0
reactions)

The correct answer is 2134.

Question 13

In the table of standard electrode potentials in the data booklet, oxidizing agents are on the left
and reducing agents are on the right. The oxidizing agents that will oxidize the reducing agent,
Cr?*(aq), are higher than it on the table on the left. Of the options listed, and shown in the table
below, they are, F2(g) (2), Agl(s) (3), Ni?*(aq) (6), and Oz(g) + H20(l) (7).

Table of Selected Standard Electrode Potentials*®

Reduction Hall-Reaction Electrical Potential E* (V)
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The correct answer is 2367.



Question 17

This question is tricky because reduction half-reactions given in the data booklet’s table of
standard reduction potentials must be considered as well as the reduction half-reactions shown.

Based on the order of electrical potentials, the booklet half-reactions (in bold) can be inserted as
follows:

Reduction Half-Reaction Electrical Potential (E°)
lAam** (aq) b+ e~ =2[Am3F (aq) | +2.60 V
Mn0O;(aq) + 8 H" (aq) = Mn**(aq) + 4 H,0() | +151V
[ClL,(g) -2 e ;\grcr(aq) +1.36 V
TI°*(aq) + 2 e~ 2|Tl*(aq)| +1.25 V
Ac*t(aq) +3e” = Ac(s) 220V
Ca**(aq) + 2e = Ca(s) 287V
Cs*(aq) + e~ =|Cs(s) -3.03V

Oxidizing agents are to the left of the equilibrium arrows. Reducing agents are to the right of the
equilibrium arrows.

The strongest oxidizing agent is highest on the left. The strongest reducing agent is lowest on the
right.

For a spontaneous reaction, the OA and the RA must be in this arrangement:

0A

RA

For a non-spontaneous reaction, the OA and the RA must be in this arrangement:
RA
OA
Am**(aq) (1) will react spontaneously with T1*(aq).

Am?*(aq) (5) will not react spontaneously with Clx(g).
Cs(s) (8) is a stronger reducing agent than Ca(s).
Am**(aq) (1) is a stronger oxidizing agent than MnO4(aq) + 8 H*(aq).

The correct answer is 1581.



Question 21

In these sorts of questions all chemical species must be considered and whether they act as
oxidizing or reducing agents.

The metal solids in the test tubes, Zn(s), Pb(s), Cu(s), Au(s), and Ag(s) are all reducing
agents.

H>O(l) can be either an oxidizing agent or a reducing agent, but it is not the strongest oxidizing
agent and based on its placement in the standard electrode potentials table, it is a weaker
reducing agent than any of the metal solids.

NOs"(aqg) can only be an oxidizing agent if it works with H"(aq) so it need not be considered.
The strongest oxidizing agent present is Cu?*(aq). It is highest on the left.

The only metals that will react are the ones that sit lower than Cu?*(aq) in the table and they are
Zn(s) (1) and Pb(s) (I1).
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The correct answer is A, I and 11 only.



Question 22

In these sorts of questions all chemical species must be considered and whether they act as
oxidizing or reducing agents.

The metal solids, X(s), Y(s), and Z(s) are all reducing agents.

H2O(l) can be either an oxidizing agent or a reducing agent, but it is not the strongest oxidizing
agent and based on its placement in the standard electrode potentials table, it is a weaker
reducing agent than any of the metal solids.

NOs"(aqg) can only be an oxidizing agent if it works with H"(aq) so it need not be considered.

The strongest oxidizing agents present are Cu?*(aqg) and Ni?*(aq). They are highest on the
left.
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Based on table placement, both Pb(s) and Zn(s) will react with Cu?*(aq). Ph(s) will not react with
Ni%*(aqg), but Zn(s) WILL react with Ni?*(aq). Ag(s) will not react with either Ni?*(aq) or
Cu?*(aq).

Option D is correct! X(s) = lead, Y (s) = zinc, Z(s) = silver



Question 26

A Ni(NOgz)2(aq) solution can be stored in a container made of a metal that will not react with the
oxidizing agent, Ni?*(aq).

The RA must be in this orientation with respect to Ni?*(aq) on the table of standard reduction
potentials:

RA
=
Ni**(aq)
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The correct answer is A, tin.

Question 28

This half-reaction is occurring in an “acidic environment™ so it must be balanced in acidic
conditions.

ClO3 (aq) — ClO,(g)

The major atoms are already balanced so the next step would be to balance oxygen by adding
H20(l) to one side:

Cl05 (aq) — ClO,(g) + H,0()
H*(ag) must be added to the other side to balance the hydrogens:
Cl03 (aq) + 2 H* (aq) — ClO,(g) + H,0(1)

The charge must then be balanced by adding electrons to the appropriate side. The overall charge
on the left is +1 and the overall charge on the right is 0. Therefore, a single electron must be
placed on the left side:

Clo3z(aq) + 2H*(aq) + e~ - ClO,(g) + H,0(1)

Option B is correct!



Question 29

Options A and C are incorrect. Both half-reactions have electrons on the left side showing a gain
of electrons which would make them reduction half-reactions.

Option B is incorrect. The overall charge on the left (-2) does not match the overall charge on the
right (-4).

Option D is correct! Everything balances!

Question 30

A sacrificial anode is a metal that is a stronger reducing agent, making it a more easily oxidized
metal, than the metal it is protecting.

The correct option should be a metal that sits lower in the table of standard reduction potentials
than iron.
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The correct answer is D, magnesium.

Question 33

Options A and B are incorrect. They are not practical solutions. The pipeline is already built.
Also, even if the new metals are more resistant to corrosion than iron, they are STILL susceptible
to corrosion.

Placing metallic strips at appropriate intervals would be comparable to using a series of
sacrificial anodes along the pipeline. The correct choice of metal is one which is a stronger
reducing agent, i.e. more susceptible to oxidation, than iron.
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Option D is correct! Zinc is a stronger reducing agent than iron.



Question 34
0 —2 —2
4 FeS,(s)+110,(9) > 2Fe, 0 5(s)+85 0 ,(9)

The oxidation number of elemental oxygen is 0. On the products side of the reaction, the
oxidation number of oxygen in both compounds is -2 as expected.

The correct answer is A! The oxidation number of oxygen changes from 0 to -2.

Question 36

A disproportionation reaction is one in which a single chemical entity both oxidizes and reduces.
This is evident when assigning oxidation numbers. One reactant element’s oxidation number will
change to two different oxidation numbers in two different entities on the products side.

Option C is correct!

0 +1 —1
Cl,(aq) + H,0(l) » HO Cl(aq) + H*(aq) + Cl™ (aq)

The chlorine in Clz(aq) starts with an oxidation number of 0 and it disproportionates, giving
chlorines with oxidation numbers of +1 in HOCI(aq) and -1 in Cl*(aq).

Question 39

The reducing agent and the substance being oxidized are the SAME THING! The RA can be
determined by observing the changes in oxidation numbers from reactants to products. Note: All
the hydrogens and oxygens are present in compounds so they can be easily assigned oxidation
numbers of +1 and -2 respectively.

+1 -2 +4-2 0
16 H, S (9)+8 S 0 ,(g9) - 16 H,0(1) + 3 Sg(g)
RA 04

The sulfur in H2S(g) starts with an oxidation number of -2 which changes to 0 in Sg(g).

Option A is correct! H>S(g) is both the reducing agent (i) and the substance being oxidized (ii).



Question 42

Note: The equation should read:

0 +1 -1
Cly(aq) +20H (aq) » HOCl (aq) + H,O(l) + Cl" (aq)

The chlorine in Clz(aq) starts with an oxidation number of 0 and it disproportionates, giving
chlorines with oxidation numbers of +1 in HOCI(aq) and -1 in Cl*(aq).

Option A is correct!

Question 43

It is important to recognize that CaMoOQa(s) is an ionic compound composed of the ions Ca?* and
MoO4?. The calcium, being a monoatomic ion, can easily be assigned an oxidation number of
+2.

One can now focus on the MoO4% ion:

x —2%7
Mo O ,

There are four oxygen atoms with an oxidation number of -2. The overall charge of the ion is -2:
4(=2) +x =2
x =46

Option C is correct! The oxidation number of Mo in CaMoO4(s) is +6.



Question 46

All the hydrogens and oxygens in the reaction below are present in compounds so they can be
easily assigned oxidation numbers of +1 and -2 respectively. It is iodine’s and chlorine’s
oxidation numbers that are changing.

0 +5 +5 -1
31,(s)+5¢Cl05(aq)+3H,0()—>6H I 03(aq)+5Cl (aq)
RA OA

The oxidation number of iodine changes from 0 to +5. Therefore, I2(s) is the species that loses
electrons (i).

Six iodine atoms with an oxidation number of 0 become six iodine atoms with an oxidation
number of +5:

6(+5) —6(0) = +30
The total change in oxidation number is +30 which means that 30 electrons are lost (ii).
The correct answer is Al i = I,(s),ii = 30
Question 47
Given an unbalanced, complete, redox reaction, this must be balanced using oxidation numbers.

All the hydrogens and oxygens in the reaction below are present in compounds, or monoatomic
ions in the case of H*(aq), so they can be easily assigned oxidation numbers of +1 and -2
respectively. It is nitrogen’s and aluminum’s oxidation numbers that are changing.

+3 0 -3 +3
H,0(l) + N 05 (aq) + Al(s) » N Hi(g) + AlO; (aq) + H*(aq)

There is no need to initially balance the atoms whose oxidation number is changing so the
increase in oxidation number by aluminum must be balanced with the decrease in oxidation
number by nitrogen.

2X (Al increase by 3) = N decrease by 6
Coefficients must be placed in front of Al(s) and AlOz (aq) as follows:

+3 0 -3 +3
H,0() + N 05 (aq) + 2 Al(s) » N H;(g) +2 AlO; (aq) + H*(aq)

The rest of the atoms can now be balanced. When finished, be sure to check that the overall
charge of the reactants balances with the overall charge of the products.

+3 0 -3 +3
2H,0() + N 05;(aq) +2Al(s) » N H;(g) + 2 AlO; (aq) + H*(aq)

The correct answer is 2121.



Question 49

The correct option is the reducing agent that sits between the oxidizing agents, Sn**(aqg) and
Sn?*(aq), on the table of standard electrode potentials.
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The correct answer is B, Pb(s).

Question 59
The first thing that must be done is balance the equation using oxidation numbers:

+7 +2 +2 +3
MnO; (aq) + 8 H*(aq) + 5 Fe?*(aq) » Mn?*(aq) + 4 H,0(l) + 5 Fe3*(aq)

Next, determine the moles of MnO4 (aq) used in the titration:

mol
Moz (aq) = Vmnoj (aq)) ([Mn0O; (aq)]) = (0.0550 L) (0.100 T) = 0.00550 mol

The moles of MnO4(aq) can be converted to moles of Fe?*(aq) using the coefficients in the
balanced chemical equation:

_ { 5mol Fe?*(aq)
"re?*@a) =\ 1 ol MnO, (aq)

> (0.00550 Mn0; (aq)) = 0.0275 mol Fe?*(aq)

Finally, the mass of iron in the ore sample can be determined using the molar mass of iron:

55.85 g Fe?*

Mpe2+ = (0.0275 mol Fez+)< ol Fo?t

> = 1.54 g Fe**

Option D is correct!



Question 64

To calculate the amount of dichromate required, the three trial volumes of titrant must first be
averaged:

I:27.2mL —10.1mL = 17.1 mL
II:44.5mL —27.2mL = 173 mL

I11:30.1mL —129mL = 17.2mL

) 17.1mL+17.3mL + 17.2mL
Average Titrant Volume Used = 3 =17.2mL = 0.0172 L
The amount of dichromate can now be easily determined by multiplying the average volume by

the concentration of the dichromate solution:

mol\ .
Ner,02-(aq) = (0.0172 L) (0.125 T) = 2.15%x107° mol

Option D is correct!



Question 65

The balanced chemical equation for this titration can be put together using the half-reactions in
the table of standard electrode potentials.

Reduction:
Cr,05 (aq) + 14 H (aq) + 6 e~ — 2 Cr3*(aq) + 7 H,0(1)

Oxidation (The half-reaction needs to be multiplied by 3 to balance the electrons lost with the
electrons gained.):

(Sn?*(aq) - Sn**(aq) + 2e7)%x3
Overall reaction:
Cr,02(aq) + 14 H*(aq) + 3 Sn?*(aq) - 2 Cr3*(aq) + 7 H,0(D) + 3 Sn**(aq)

The moles of Cr,07%(aq) from Question 64 can be converted to moles of Sn?*(aq) using the
coefficients in the balanced chemical equation:

_( 3mol Sn**(aq)
er03~@a) =\ 1ol Cr,027(aq)

> (0.00215 mol Cr,0%27(aq)) = 0.00645 mol Sn**(aq)

Finally, the concentration of Sn?*(aqg) can be calculated by dividing the moles of Sn?*(aq) by the
20.0 mL sample volume (Convert mL to L.):

[Sn?*(aq)] = %050"201 = 3.23x107! mTOI
a=3
b=2
c=3
d=1

The correct answer is 3231.



Question 70

If the standard silver reduction half-reaction had been chosen as the reference half-reaction
instead of the hydrogen reduction half-reaction it would NOT change the relative positions of all
the other reduction half-reactions. E°c values can be calculated normally regardless of what is
chosen as the reference half-reaction.

The overall redox reaction happens between the strongest oxidizing agent (SOA) and the
strongest reducing agent (SRA).

Electrochemical Cell

Salt bndge

+ Ni(s)
Ko(ag) NOQ, (aq
rd ‘ SRA
Cathode ] | // Anode
<z _1_ — _d_/)
1.0 mol/L. .
Ni(NO.,)J(uq)‘,‘ y

B
Beaker A Beaker B

When calculating the E°cen for the cell, use the reduction potentials given in the table of
standard electrode potentials.

Fc‘*('nq') 0T SR Q) waiivur cwinsnsiin icsmnssxnsss seninspmaipspisishssn +077

O5(g) + 2HYag) + 27 2 HoOn() oo, +0.70
IfS) + 2e7 2 2T7(aQ) cvniinsiennnnsennsisanssnininns e #0.54

Oy(g) + 2H,0()) + 427 2 40H @Y v +0.40
Cuz'(uq) b FBT  DLMCUEY: dosavvnisesinssdsssavasniinsnvsisisnnsovsbsbasassnssnsss +0.34

SO, (aq) + 4H'aq) + 2e” 2 H,805aq) + HO() coovvoeonccreccieesirrnnnnne +0.17
Sn*tag) + 2e” = Sn"‘(uq) ..................................................... +0.15

S + 2HYaq) + 2e” 2 HyS(AQ) cciiiiesiiisieiesiiecsiemnsscssssnasisenaia +0.14
AgBr(s) + ¢ = Agh) + Br@gq} .o e +0.07

2H W) F2eT SHERY - sisisesinvisssmasessivsisnisisonsasuissbavisonsues (LOO

P 43267 EPBE o s —0.13

SNPEg) + 287 2 SN(S) e, AT LN —-0.14

— q | ETI

NI - TDI0T b NI oo oS o S S -().26'

o {ag) + Ie 2 Cow Dt =023

Bt = E%pone = Eranoge = (+0.80V) = (=0.26 V) = +1.06 V

The correct answer is 1.06.



Question 71

There is a typo in this question.

The overall redox reaction happens between the strongest oxidizing agent (SOA) and the
strongest reducing agent (SRA).

Electrochemical Cell

SRA

/‘?—%]

1.0, mol/L. all
e Sn”"(aq) Ag (aq)f SOA
NO, (aq)

The correct answer is said to be D and it SHOULD read:
D. 2 Ag*(aq) + Sn(s) » 2 Ag(s) + Sn**(aq)



Question 73

External electron
circuit

Cathode

1.0 mol/LL

= 1.0 mol/L .\Iiz’luq) '\_)

é) Cu*(aq)

Remember that both the cathode and the anode are the actual electrodes that are in contact with
the strongest oxidizing agent (SOA) and the strongest reducing agent (SRA). In the case of the
anode, it can be made of the metal that is the strongest reducing agent.

Cathode = 4
External electron circuit = 6
Oxidizing agent = 3
Anode = 1

The correct answer is 4631.



Question 74

Refining of Copper
@ —» | Power Electron
supply movement from

anode to cathode

Cathode

Blister copper

Anode

Anion movement

@ from anode to

' o) cathode

The information in the question states that the blister copper is the anode and the pure copper is
the cathode.

It is at the cathode where reduction occurs (3).
Anions move to the anode (5).
Electrons flow from the anode to the cathode (2).

It is the cathode that increases in mass because positive metal ions gain electrons to for pure
solid metal which plates at the cathode (3).

The correct answer is 3523.



Question 77

The given reduction half-reactions’ order should be reversed. It is the positive reduction
potentials that are at the top of the table.

Ag,0(s) + H,0()+2e™ »2Ag(s)+20H (aq) E° = +034V
Zn(OH),(s)+2e~ - Zn(s) + 20H (aq) E°=—-1.25V

With the correct order, it can easily be seen that the strongest reducing agent is Zn(s) which is
the substance oxidized.

Option A is correct! Zn(s)

Question 81

It is oxidation that occurs at the anode so options B and D can be eliminated as those half-
reactions are examples of reductions with the electrons on the reactants side.

NiO,(s) + Cd(s) + 2 H,0(l) -» Cd(OH),(s) + Ni(OH),(s)
SRA

In the equation above, Cd(s) is the only pure metal solid on the reactants side and is the strongest
reducing agent based on its placement in the table of standard electrode potentials. The correct
option should show the oxidation of Cd(s) with electrons on the products side.

Option A is correct!

Cd(s)+20H (aq) » Cd(OH),(s)+ 2 e~



Question 86

If a different reduction half-reaction is chosen for the standard reference half-cell the electrical
potential for any other half-reaction can simply be calculated by:

Eornew = Eorold - Eorref
OAg) +odabal =S a)
e =
SO, faq) + 4H(aq) + Ze = H,5Ustaq) + HO(I) .. +O.17
Sn* il 20" om SR i +(.15
S(s} + 2HYaq) + 2e™ 2 HyS{aq) cvniiiisiiictiiisciniesisscsiassseacnn +0.14
AgBr(s) + ¢ = Agls) + Br@q) ceereeerennn, A A DT +0.07
LI - 2ie ™ mh TGN suviusuivsiusasansivuvsssesvas wiaspssisssnsssssivi (LOO
PGS 08" ot P s s s ~0.13
B agh-28" SIS oxpcmmit s s G -0.14
Ni**ag) T ————— ~0.26
I (71 B R Y K 1) ) R R e P PR BT —0.23

The half-reaction chosen as the new reference half-reaction is that of Cu?*(ag)/Cuf(s).
E® . = 1034V

The reduction potential of the Ni?*(aq)/Ni(s) half-reaction will change from its original reduction
potential.

E° =-0.26V

Told

When the reduction potential of Cu?*(aq)/Cu(s) is set to 0.00 V, the new reduction potential for
Ni2*(aq)/Ni(s) will be:

E° =(—0.26V)—-(4+034V)=-0.60V

Tnew

Option D is correct!



Question 93
In the first cell:

bl + 2 c”

S0A 2e

oS ayg) + 2e”

+ e
Ni*tag) b 22
0 {aq) + 2e”

The strongest oxidizing agent (SOA) and the strongest reducing agent (SRA) are in the necessary
orientation on the table for a spontaneous reaction to occur.

O T | A

In the second cell:

2H*Y + 2¢”

S04

oS ayg) + 2e”

! + e
Ni*tag) f 2e
0 {aq) + 2e”

There is no Ni(s) electrode present. The strongest reducing agent is Pb(s). The SOA and SRA are
NOT in the necessary orientation on the table for a spontaneous reaction to occur.

N s s o R e et S Ry S S -0.26

T1T 111N

The correct answer is D! The reaction in the first cell is spontaneous and the reaction in the
second cell is nonspontaneous.



Question 96

Electroplating Cell

Power Source

Electron flow towards
the cathode

Cathode

Cation flow towards the cathode Anion

In electroplating cells, the object to be electroplated is the cathode (4).
Even in electrolytic cells, the electrons flow from the anode to the cathode (3).
Cations flow toward the cathode (8).

This is the tricky part of the question. It ONLY asks for an anion, not anion movement. The only
anion present is NOz(aq) (6).

The correct answer is 4386.

Question 98

This is an example of the chloride anomaly in the electrolysis of a sodium chloride solution.

As per the table of standard electrode potentials, H.O(l) should be the strongest reducing agent
present in an aqueous sodium chloride solution.

|~ (; FHAON - yapssvenisisansseassaerssmsasass +1.39
.................................................... +1.36
Na>O(g) + 3HO(D) i +1.30
TR '+ T HAIY oo +1.23
AN {ag) + 2 HoO(D) i +1.22

However, the reducing agent that oxidizes in the cell is Cl*(aqg), which is contrary to what we
would expect from what is shown on the table.

ClO4(aq) + 8HYaq) + 8¢
Clyg) + 2¢”

2HNOag) + 4H g + 4e”
("r:(‘)-;:"('uq') + 14H @y + 6e”
Os(g) + 4HYag + e
MnOs(s) + 4HYag) + 2e”

1 O

The correct answer isB! 2 Cl™(aq) —» Cl,(g) + 2 e~



Question 99

It should be noticed in the diagram that the electrons are flowing towards the purified copper
sheet. Electrons flow from the anode to the cathode. The purified copper sheet is the cathode!

Therefore, options A and C are incorrect.

Option D is incorrect. SO4*(aq) can only be an oxidizing agent when it is in combination with
other entities, like H*(aq).

Option B is correct! This is an apparatus for the purification of copper. The Cu?*(aq) reduces to
give pure Cu(s).

Question 101

The given half reactions are as follows.
Oxidation (Anode):
(CH3;0H(l) + H,0(l) » CO,(g) + 6 H*(aq) + 6 e7)Xx2
Reduction (Cathode):
(0,(g) +4H*(aq) + 4e~ - 2H,0(1))*3

The above half reactions are multiplied by the necessary numbers to balance the electrons lost
with the electrons gained.

Combining the two half-reactions and cancelling the appropriate quantities of H>O(l) and H*(aq)
that appear on both sides will give:

2 CH;0H(1) + 3 0,(g) = 2 C0,(g) + 4 H,0(1)
It is simply the balanced chemical equation for the complete combustion of methanol!

The correct answer is 3422.



Question 102
The question states that the E°cen for the methanol fuel cell is +0.80 V.
From the table of standard electrode potentials:

E° = +1.23V

Tcathode
Remember:

o — E°
Tcathode Tanode

E°cen=E
Substituting given values and solving for the unknown gives:

+0.80V = (+1.23V) —E°

Tanode

E° =+0.43V

Tanode

The correct answer is 0.43.

Question 105
The PRODUCT of the
overall reaction is ejected
Anode from the cell.
Porous carbon
electrodes containing Cathode
Fys The ionic solution inside
the the cell is the
ELECTROLYTE!
® Hl"w — 2 -=<— O.’Ir: @
]
Electrons flow from the anode 4 t L'
to the cathode!

The correct answer is 2654,



Question 106

The anode is the site at which oxidation occurs. The solid metal of which the anode is made
oxidizes and positive metal ions are released into the electrolytic solution. This results in a
decrease in the mass of the anode. Therefore, options A and C can be eliminated.

Which metal the anode is will be the strongest reducing agent of the two metal solids and can be
determined using the table of standard electrode potentials. It is the lowest on the right.

cd(s) |cd* (aq)|Ag*(aq)|Ag(s)
SRA
ANODE!

Unfortunately, the formula for cell stoichiometry is not given in the data booklet. However, there
is a simple mnemonic device that can be used to determine the gram mass of metal lost or
gained.

"Mint" Mietar * I * Nmetar " €

m = n n -
metal = vEymny F:n,-

Mmetar 1S the molar mass of the metal in g/mol. nmetat and ne- are the respective balancing
coefficients in front of the metal and the electrons in the half-reaction. Remember that units of
seconds must be used for time.

MCd(s) =112.41 g/mol
t =2.00h =7200 sec
Cd(s) » Cd**(aq) + 2 e~

(112.41 %) (6.00 A)(1 mol Cd(s))(7200 s)
C

(9.65><1o4 _
mol e

Mca(s) lost = = 25.2 g Cd(s) lost

)(2 mole™)

The correct answer is B, a 25.2 g decrease!

Question 109

This is a simple Chem 20-type stoichiometry question which uses the half-reaction for the
oxidation of zinc.

Zn(s) » Zn**(aq) + 2 e~

1 mol Zn(s) 2mole”

. =6.12 -
65.41 g Zn(s) 1mol Zn(s) 6.12mol e

n.- = 200 g Zn(s) -

The correct answer is C, 6.12 mol.



Question 115

This is a simple conversion of mass to moles using the molar mass.

1 mol Cr?*(aq)
52.00 g Cr?*(aq)

Ner2+aq) = 112 g Cr?*(aq) - = 2.15 mol Cr**(aq)

The correct answer is 2.15.

Question 116

The solution requires a rearrangement of the mint/funny formula to isolate for time.

MCr(s) 1 Ner(s) "t
Mer(s) = Fn,-

= Mcr(s) “Frne-
MCr(s) I Ner(s)

The half-reaction for the reduction of Cr?*(aq) is:
Cr?*(aq) + 2e~ - Cr(s)
So:

C
mol e~

(112 g €r(s)) (9.65x10* ) (2 mole)

= 207.846s = 3.46 min

(52.00 %&2)) (2000 4)(1 mol Cr(s))

Don’t forget to convert the time in seconds to time in minutes!

The correct answer is 3.46.



