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AP® Chemistry 2022 Scoring Guidelines 

Question 3: Long Answer 10  points  

(a)  For  a correct  electron configuration:  

Accept one of the following:  

•  1 2s 2 s 2 2 p s  63 23p1   

• [Ne] 3 s p23 1  

1 point  

(b)  For  a  correct  explanation:   

The  highest occupied electron  shell (n=3)  of  Al  is at  a greater  average  distance from  the 
nucleus than the  highest occupied electron shell  (n=2)  of  Al3+ .  

1 point  

(c)  For the correct  steps to dissolve the solute in water  (steps may be consolidated):  

2. Partially  fill the volumetric  flask with  some distilled water  

3. Add  the  weighed  AgNO 3( s )  to the  volumetric flask  

4. Swirl  to  dissolve the solid  

1 point  

For the correct  step to ensure quantitative dilution:  

5. After the solid is dissolved,  fill the  flask  to the  calibration ( 200.00 mL ) mark and mix.  

1 point  

Total for  part (c)  2  points  

(d)  For a drawing that  shows product formation and  indicates the conservation  of  matter:  

4 Al  and 8 Ag  particles  in the beaker on right  (see sample  drawing below)  

1 point  

For a drawing that  shows product formation  and conservation of  charge:  

2 Ag+  ions and 2 Al3+  ions  in the beaker on the right (see  sample drawing below)  

1 point  

For a drawing that  shows  product formation  and correct  phases  of matter  for  all species:  

6 Ag  atoms  that are solid  and 2 Al3+  ions  that  are aqueous in the beaker  on the  right  

1 point  

Total for  part (d)  3 points  
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AP® Chemistry 2022 Scoring Guidelines 

(e)  For the correct  calculated value:  

Accept one of the following:  

•  E° = 0.80 V + 1.66 V = 2.46 V  
•  E  = E  − E cell red ox = 0.80 V − ( − 1.66  V) = 2.46 V  

1  point  

(f)  For the correct  answer  and  a  valid justification:  

Negative. The reaction has  a positive value of  E° , indicating that it  is  thermodynamically  
favorable  and would therefore have a negative value of  ∆ °G . ( ∆G ° = −nFE° )  

1 point  

(g)  For the correct  answer  and  a valid justification:  

Accept one of the following:  

•  Zero. The observation that  the reaction stops progressing implies that  Ecell = 0 , 
indicating that there is  no longer a driving force  for the reaction.  

•  Zero.  The observation that reaction s tops  progressing implies that  equilibrium is  
established, and ∆ =G 0  at equilibrium.  

1 point 

Total for  question  3  10 points  
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AP®  Chemistry  2022  Scoring Commentary  

Question 3 

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

Overview  

Question 3 deals with the atomic structure and reactions  of aluminum.  Part (a) began by asking 
students for the  electron  configuration of the aluminum atom (SAP-1.A, 3.B). Part (b) then asked  
students to  explain why  the Al3+  cation is smaller than the Al atom using principles of atomic  structure  
(SAP-2.A, 6.C). Each part was worth 1 point.  

The question then turned to  the analysis of the reaction between  solid aluminum and silver ions. To  
prepare for the reaction,  students  were asked in part (c)  to list the  steps they would perform to make  
200.0 mL of a AgNO3  solution given the preweighed solid (SPQ-3.A, 2.C and 2.D) and a list  of available  
equipment. Two points  were possible  for this procedure,  the  first for making a solution and the second 
for ensuring it  contained a volume  of  200.0 mL.    

Students were then told that the solution was placed into a beaker  containing aluminum and that a 
redox reaction  occurred,  producing solid silver and Al3+ ions.  A  particulate representation of the  
reactants  was given, and students  were asked to  complete a particulate diagram in part (d)  
representing the species  in the beaker after the reaction had occurred (TRA-1.C, 3.B; TRA-1.B, 3B; 
SAP-6.A, 3.C).  Three points were possible for the  particulate diagrams, as  responses had to correctly  
show mass and charge balance between the diagrams and correct phases  of matter for all species.   

Parts  (e),  (f), and (g)  were each  worth 1 point and examined the thermodynamics of  the reaction.  In   
part  (e) students  were asked to calculate the value  of  E° for the reaction  from a given table of  
standard reduction  potentials (ENE-5.A, 5.F). From  the value of  E° calculated,  students made a claim  
for the  sign of ∆G° with justification (ENE-6.B, 5.C). Finally, students  were asked to reason about  the  
value of  ∆G  (or  the driving force)  of the reaction  being  positive, negative, or  zero, after the reaction  
has been  observed to stop progressing (ENE-6.C, 6.D).  

Sample:  3A  
Score:  9  

This  response earned 9 points. In part  (a) the  point  was  earned for  the c orrect electron configuration.  
In part  (b) the point  was earned  for  correctly  explaining that the difference in  radii  is  a result of t he  
outermost electrons  in Al3+  existing in a lower  energy level  than the outermost  electrons in Al.  In   
part  (c)  the first point  was earned  because  the procedure listed in  the  response does properly create a  
solution of AgNO3  in  the volumetric flask. The  second point was  not earned  because  the procedure 
listed  does not properly  create 200.0  mL of the solution. The  procedure has  water  added to  the mark  
before mixing, which would  result in  a  volume different from 200.0  mL after  the final mixing.  In part  
(d) the first point was earned  because the drawing indicates the conservation of matter. The second  
point was earned  because the drawing indicates the consistency  of charge particles. The  third point  
was earned  because the  drawing indicates the correct phases of matter.  In part  (e) the point  was  
earned  because the calculation of  E°  is  correct.  In part  (f) the point  was earned  because  the response  
states that the  value of ΔG°  is  negative  and gives  the correct justification that  because E° is  positive  
the reaction  is  thermodynamically favorable.  In part  (g) the point  was earned  because the response 
correctly  states that ΔG  will equal 0  because the reaction  is  at  equilibrium when it stops progressing.  

©  2022  College Board.   
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AP®  Chemistry  2022  Scoring Commentary  

Question 3 (continued) 

Sample:  3B  
Score:  4  

This response earned 4  points.  In part (a)  the point  was earned  for writing the correct electron  
configuration. In part (b)  no point  was earned  because  the response incorrectly states that the number  
of protons in Al3+ is greater than the number in Al. In part (c)  the first point was earned  because  the  
response correctly describes the procedure to make an AgNO3 solution. The second point  was not 
earned  because  the solution produced does not  have a volume  of  200.0  mL (because  the volumetric  
glassware  is  not correctly used).  In part  (d) the first point  was earned  because  the diagram produced in  
the response  shows  conservation  of  particles  (mass)  of silver and aluminum. The second point  was not 
earned  because,  although the diagram shows the formation of products (Ag(s) and Al3+  (aq)),  the total  
positive charge  is  not consistent between the diagrams (too  many silver atoms have been created). The  
third point  was  not earned  because the  phase of matter  is  incorrect for the Ag product.  In part  (e)  no  
point  was earned  because the response incorrectly calculates the value  of E° from the  given  
information.  In part  (f) the point  was earned  because  the response  states that the  value of  ΔG° is  
negative,  along  with the  correct justification that because the value  of E°  calculated in part (e)  is  
positive, the reaction  is  thermodynamically favorable.  In part (g)  no point  was earned  because the 
response does not explicitly state whether the  value of  ΔG is positive,  negative, or zero.  

Sample:  3C  
Score:  1  

This  response earned 1  point.  In part  (a) the point  was earned  for  the c orrect electron configuration.  
In part  (b) no point  was earned  because the response simply  states that losing electrons makes the 
ion smaller,  with no reference to the locations of  the electrons in Al  or Al3+. In part (c) the first point 
was  not earned  because  the procedure listed in  the response does not  create a solution  of AgNO3  
(because  no mixing occurs  after the  solid and water are combined).  The second  point  was not earned  
because  the use of  a beaker  will not produce a volumetric 200.0  mL solution.  In part  (d) the first point  
was  not earned  because  the diagram  in the response  does not  show c onservation of  silver or 
aluminum  particles (mass).  The second point  was  not earned  because, although  the  product Ag is  
shown, no Al3+ is  formed,  and the total positive charge  is  not  consistent between diagrams.  The third  
point was  not earned  because the silver atoms  are not  shown in  the proper phase of matter (solid).  In  
part  (e) no point  was  earned  because the calculation of  E°  is  incorrect.  In part  (f) no point  was earned  
because the  response incorrectly  states that ΔG° will be positive, and no  proper  justification based on  
the E° value  is  given.  In part  (g) no point  was earned  because the response incorrectly  states  that ΔG  
will  be negative  when the reaction appears to stop progressing.   
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