
2021

AP
®

 Chemistry
Sample Student Responses  
and Scoring Commentary

Inside: 

Free Response Question 5

••  Scoring Guideline 

••  Student Samples 

••  Scoring Commentary 

© 2021 College Board. College Board, Advanced Placement, AP, AP Central, and the acorn logo are registered 
trademarks of College Board. Visit College Board on the web: collegeboard.org.

AP Central is the official online home for the AP Program: apcentral.collegeboard.org.

https://collegeboard.org
https://apcentral.collegeboard.org


AP® Chemistry 2021 Scoring Guidelines   

© 2021 College Board 

 
 

 

 

 

 
 

 

 
 

  

 

 

 

Question 5: Short Answer 4 points 

(a) For the correct answer:  

Electron flow should be indicated only in a counter-clockwise direction in the external 
circuit, from the Cl2 anode to the Mg cathode. 

1 point 

(b) For the correct answer and calculated value:  

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

E
cell = −2.37 V + −( 1.36 V) = −3.73 V  

1 point 

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

1 mol Mg 2 mol e−

2.00 g Mg× × = 0.165 mol e−

24.30 g Mg 1 mol Mg

1 point 

For the correct calculated number of seconds:  

− 96,485 C 1 s0.165 mol e × 3180 s
1 mol e− × =

5.00 C

1 point 

Total for part (c) 2 points 

Total for question 5 4 points 



Sample 5A 1 of 1
Begin your re n e to QUESTION 6 on this p e. 

Mg([) 

Power . 
Source 

MoltenMgC~ 

C12 (a) 

Half-Reaction Eo (V) 

Mg2st +2 e- Mg - 2.37 

Cii + 2 e- 2 c1 - + 1.36 

S. Molten MgCt2 can be decomposed into it elements if a sufficient voltage i applied u ing inert electrode . The 
products of the reaction are liquid Mg (at the cathode) and Cl2 g (at the anode). A simplified representation 
of the cell · hown above. The reduction half-reaction related to the overall reaction in the cell are given in the 

table. 

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

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

- J . 37-1, 36 = -3. 7 3 V 

jVo1 ),0 V vvo.,. lcl V10 f- be ~ "' #,'c, ·en f ~>-

¼, re-cl- ,or> ~ 0cc vi..-
I """"'~c.-lt vw:,~ I of n-eGe( 

of 3 .7 3 vol+~. 

(c) If the cunent in the cell is kept at a constant 5.00 amp , how many seconds does it t.aJce to produce 2.00 g 
of Mg(/) at the cathode'? 

I ~I J-_ mole - 0.61-1;>s C91,A.lo, .... ,bs ?. • ()c) Mj. Mj , , -j I mo/ e - 6.00 ()t;.p 
J,4-30 j Mj I ,,,,,f), Mj 

- 3 180 Se<onrJ.~ 
~ 

lJnau1hodztd ~ Ot MUN ol lhil peg8 ii llega/. ge P 14 GO ON TO THE NEXT PAGE. 



Sample 5B 1 of 1
n your ponae to QU n N I on thl ge, 

M&(/) H f-Rc ction Eo (V) 

Mg2• + 2 t - - Mg - 2.37 

Cl2 + 2 e-----: 2 c1- ~+ 1.36 

5. Molten MgC12 can be decomposed into its elements if a sufficient voltage is applied u ing inert electrodes. The 

products oftbe reaction are liquid Mg (at the cathode) and Cl2 gas (at the anode). A implifled representation 

of the cell is shown above. The reduction half-reaction related to the overall reaction in the cell are given in the 

table. 

(a) Draw an aJTOW on the diagram to how the direction of electron flow through the external circuit the cell 
operate . 

(b) Would an applied voltage of 2.0 V be ufficient for the reaction to occw? Support your claim with a 
calcuJ tion as part of your an wer. 

~~l'tA \lllfC,j-.1~ ~.0 V 

,~~~~ ~r ~\. ~ 
.).o, ~"\:n- \.& ~~.,\., T~ ~ ~ 

~ ~t., vu\.v-u 0~ t' ~~ 
• -\\it- ~ ~,~ ~ 01'~~ 

(c) If the cummt in the cell is kept at a constant 5.00 amp , how many seconds doe it take to produce 2.00 g 
of Mg{l) at the cathode? 

Unaulhorlnd ~ or l'IIM ol 1h11 P1G1 II '"'1· Page 14 GO ON TO THE NEXT PAGE. 



Sample 5C 1 of 1
Begin your r pon e to QUESTION 5 on this p g . 

r 

Power 
Source 

MoltenMgC½ 

Half •Reaction Eo (V) 

Mgl+ + 2 e- - Mg -2.37 

C12 + 2 e- -2 c1- + 1.36 

S. Molten MgCl2 can be decomposed into i element if a ufficient voltage is pplied u ing inert electrode . The . 

product& of the reaction are liquid Mg (at the cathode) and Cl2 gas ( t the anode). A implified representation 
of the cell i hown above. The reduction half-reaction related to the overall reaction in the cell are given in the 

table. 

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

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

A"' (l.Ff lie.l vol .2. o V wMl~ 

1W., -to-J-q,l f.0 +or~ ~iot\ iS 

rt o +-- 1.tffr e,at .. 
I.~, V - l-2-31 y) : 

'3, 1; -\f I vJt-. \ C)'\ iS :l'f'tQ.W ikA'1\ 2. 0 -V- .. 

( c) If the current in the cell i kept at a constant 5 .00 amps, how many second doe It take to produce 2.00 g 
of Mg(/) at the cathode? 

I= ~t~ 

+~e.. of b~ s t-i 

Page 14 GO ON TO THE NEXT PAGE. 



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 MgCl2 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 MgCl2, 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, 0 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 molrxn × 2 e− /1 molrxn.” However, the time is 
calculated incorrectly, using Avogadro’s number. Only 1 point was earned. 
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