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AP® Chemistry 2021 Scoring Guidelines

Question 5: Short Answer 4 points

(a) For the correct answer: 1 point

Electron flow should be indicated only in a counter-clockwise direction in the external
circuit, from the Cl, anode to the Mg cathode.

Power
Source
Afrmer—
Mg ()
U | L@
Molten MgCl,
\ J
(b) For the correct answer and calculated value: 1 point

No, because 2.0 V is less than 3.73 V, which is the minimum voltage needed for electrolysis
to occur.

E,=-23TV+(-136 V)=-3.73V

(c) For the correct calculated value of moles of electrons (may be implicit): 1 point

1 mol Mg y 2 mole”
2430 g Mg 1 mol Mg

2.00 g Mg x =0.165 mol e~

For the correct calculated number of seconds: 1 point

y 96,485 C « 1s
Imole” 5.00C

0.165 mol e~ =3180s

Total for part (c) 2 points

Total for question 5 4 points
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Sample 5A 1 of 1

Begin your response to QUESTION 5 on this page.

Power
Source

Mg () ~d ‘ ' Half-Reaction E° (V)

Mgt +2e” —=Mg| -2.37
Cl+2e —=2Cl"[+1.36

-Cl, (2)

Molten MgCl,

.

5. Molten MgCl, can be decomposed into its elements if a sufficient voltage is applied using inert electrodes. The
products of the reaction are liquid Mg (at the cathode) and Cl, gas (at the anode). A simplified representation
of the cell is shown above. The reduction half-reactions related to the overall reaction in the cell are given in the

table.

(a) Draw an arrow on the diagram to show the direction of electron flow through the external circuit as the cell
operates.

(b) Would an applied voltage of 2.0 V be sufficient for the reaction to occur? Support your claim with a
calculation as part of your answer.

-2.37-1.36= ~3.73 V

IVO; 2.0 V. pwontd et e S‘-"‘#"I"’Iﬁ?* 54»,‘
the reeci on Lo Occun which  weald neco
ot 2.73 veolts.

(c) If the current in the cell is kept at a constant 5,00 amps, how many seconds does it take to produce 2,00 g
of Mg(I) at the cathode?

2.00 ] Ms. [ mp] Mq , 2mole™ 9642s coulombs , _|

}Q.B@J F:'j | ol MJ | ol B_ 4,00 amp

= 3180  Seconds
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Sample 5B 1 of 1

Begin your response to QUESTION 5 on this page.

Power
Source
L
o h Half-Reaction E° (V)
Mg +2 ™ —Mg| -2.37
LClyg) o | Cht2e =2CI7+136
Molten MgCl,
-~ J

5. Molten MgCl, can be decomposed into its elements if a sufficient voltage is applied using inert electrodes. The
products of the reaction are liquid Mg (at the cathode) and Cl, gas (at the anode). A simplified representation
of the cell is shown above. The reduction half-reactions related to the overall reaction in the cell are given in the
table.

(a) Draw an arrow on the diagram to show the direction of electron flow through the external circuit as the cell
operates.

(b) Would an applied voltage of 2.0 V be sufficient for the reaction to occur? Support your claim with a

calculation as part of your answer.
v 2.0v
. g The arpred Whon e
Eu;{(,.m{f“"“ oottt Ko Pt frpudet

Q083 4 Kurt Bliavs T 15 W

Pon B vawts of E°Govr

< AL AT et g
(c) If the current in the cell is kept at a constant 5.00 amps, how many seconds does it take to produce 2.00 g
of Mg(!) at the cathode?

\1»\ Jmel ¢ Js_ ,,;m
FTED \m\l\b%g““'\ s( )-
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Sample 5C 1 of 1

Begin your response to QUESTION 5 on this page.

Power
Source
Mg Half-Reaction | E° (V)
Mg** +2e” —~Mg| -2.37
- Cl, (g) Cl+2e”—2Cl"|+1.36
Molten MgCl,
L )

5. Molten MgCl, can be decomposed into its elements if a sufficient voltage is applied using inert electrodes. The
products of the reaction are liquid Mg (at the cathode) and Cl, gas (at the anode). A simplified representation
of the cell is shown above. The reduction half-reactions related to the overall reaction in the cell are given in the
table.

(a) Draw an arrow on the diagram to show the direction of electron flow through the external circuit as the cell
operates.

(b) Would an applied voltage of 2,0 V be sufficient for the reaction to occur? Support your claim with a
calculation as part of your answer,

An applied vaage of 2.0 V would no+ be sufficient.
The dotal E° for dhe reackion 1§ 1.36 V =(-2.31V) =
3.73 N, which 1S grearer than 2.0°V.

(c) If the current in the cell is kept at a constant 5.00 amps, how many seconds does it take to produce 2.00 g
of Mg(/) at the cathode?

T= Q‘ﬁg— 2.003 Ms x -‘—"‘-‘Lﬁd—z 0.082% wol Mg

24.30 9
| wmo
.08 \ Mﬁ _—
0 2‘5 Mo p I M\l N\s s O_ 0'23 mlrl“

_ - C s
0.0 32% wmol ., x Lo i‘_°|3_5_1-—-u R ‘:.'175.2,1 "IO'us\

| mol * 6.021"'0" €e” 5.00C

FER
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AP® Chemistry 2021 Scoring Commentary

Question 5
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

Question 5 provides a diagram of an electrolytic cell in which MgCl; is decomposed into its constituent elements.
In part (a), the student must draw an arrow to indicate the direction of electron flow in the cell (ENE-6.A, 3.B).
Part (b) asks whether a driving voltage of 2.0 V would be sufficient for the reaction to occur and to provide
supporting quantitative evidence (ENE-6.B, 6.D). In part (c), the student calculates the amount of time required for
the cell to produce a given mass of elemental magnesium. The question is worth two points: one for identifying
the number of moles of electrons involved in the process (SPQ-1.A, 5.F) and one for correctly calculating the
number of seconds (ENE-6.D, 5.F).

Sample: 5A
Score: 4

In part (a) the response shows an arrow along the external circuit in a counterclockwise direction, so 1 point
was earned. In part (b) the cell potential of the electrolytic cell is calculated and the correct setup is shown. The
response also correctly claims “No, 2.0 V would not be sufficient.” One point was earned. In part (c) the time
required (3180 seconds) is calculated correctly, supported with a correct setup in which the number of moles of
electrons is implicit, so 2 points were earned.

Sample: 5B
Score: 2

In part (a) the response shows an arrow from right to left within the molten MgCl,, so 0 points were earned. In
part (b) the response incorrectly claims that the voltage “is sufficient for the reaction.” Despite the correct
calculation of the cell potential, O points were earned. In part (c) the time required is calculated correctly,
supported with a correct setup in which the number of moles of electrons is implicit, so 2 points were earned.

Sample: 5C
Score: 1

In part (a) the response shows an arrow along the external circuit in a clockwise rather than a
counterclockwise direction, so 0 points were earned. In part (b) the cell potential of a voltaic cell (+3.73V) rather
than the cell potential of an electrolytic cell is calculated so 0 points were earned. In part (c) the response
implicitly shows the calculation of moles of electrons, “0.0823 mol;xn x 2 €7/1 mol;xn.” However, the time is
calculated incorrectly, using Avogadro’s number. Only 1 point was earned.
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