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AP® Chemistry 2022 Scoring Guidelines 

Question 3: Long Answer 10 points 

(a) For a correct electron configuration: 1 point 

Accept one of the following: 

2 2 6 2 1• s 31 2s 2 p s  3p 
2 1• [Ne] 3s p3 

(b) For a correct explanation: 1 point 

The highest occupied electron shell (n=3) of Al is at a greater average distance from the 

Al3+nucleus than the highest occupied electron shell (n=2) of . 

(c) For the correct steps to dissolve the solute in water (steps may be consolidated): 1 point 

2. Partially fill the volumetric flask with some distilled water 

3. Add the weighed AgNO3 ( )s to the volumetric flask 

4. Swirl to dissolve the solid 

For the correct step to ensure quantitative dilution: 1 point 

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

Total for part (c) 2 points 

(d) For a drawing that shows product formation and indicates the conservation of matter: 1 point 

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

For a drawing that shows product formation and conservation of charge: 1 point 

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

For a drawing that shows product formation and correct phases of matter for all species: 1 point 

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

Total for part (d) 3 points 
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(e) For the correct calculated value: 1 point 

Accept one of the following: 

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

(f) For the correct answer and a valid justification: 1 point 

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 ° ) 

(g) For the correct answer and a valid justification: 1 point 

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 stops progressing implies that equilibrium is 
established, and G 0 at equilibrium. ∆ =  

Total for question 3 10 points 
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Question 2: Long Answer 10 points 

(a) (i)  For the correct answer:

14 protons and 14 neutrons

1 point 

(ii) For the correct answer:

Accept one of the following:

• 1s2 2s2 2p6 3s2 3p2

• [Ne] 3s2 3p2

1 point 

Total for part (a) 2 points 

(b) For a correct explanation:

SiH4 is composed of molecules, for which the only intermolecular forces are London
dispersion forces. SiO2 is a network covalent compound with covalent bonds between
silicon and oxygen atoms. London dispersion forces are much weaker than covalent bonds,
so SiH4 boils at a much lower temperature than SiO2.

1 point 

(c) For the correct balanced equation (state symbols not required):

4 2SiH ( ) Si( ) 2 H ( )g s g→ +

1 point 

(d) For a correct explanation:

The H2(g) molecules are more highly dispersed than the Si(s) atoms and, therefore, have a
higher absolute molar entropy. Silicon is a solid; therefore, its atoms are in fixed positions,
are less dispersed, and have a lower absolute molar entropy.

1 point 

(e) For the correct calculated value:

(18 2(131)) 205 75 J/(mol K)rxn rxnS∆ = + − = + ⋅

1 point 

(f) For a correct explanation:

High temperature is required for the reactant particles to have sufficient thermal energy to
overcome the activation energy of the reaction.

1 point 
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(g) For the correct peak height and location:

The peak should be drawn to the right of the other peaks, and it should reach the second
line above the horizontal axis.

1 point 

(h) For a correct explanation:

The valence electrons of a Ge atom occupy a higher shell (n=4) than those of a Si atom
(n=3), so the average distance between the nucleus and the valence electrons is greater in
Ge than in Si. This greater separation results in weaker Coulombic attractions between the
Ge nucleus and its valence electrons, making them less tightly bound and, therefore, easier
to remove compared to those in Si.

1 point 

(i) For the correct calculated value:

8 1
34 19

7

2.998 10  m s6.626 10  J s 4.97 10  J
4.00 10  m

cE h hν
λ

−
− −

−

 × = = = × ⋅ = ×   ×   

1 point 

Total for question 2 10 points 
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Question 1 
 



rxnHD

 

 
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Question 1 (continued) 



 



   ‒  





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rxnHD
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Question 1 (continued)





rxnHD


   rxnHD

mol  

 

rxnHD

 By doubling the volumes, the number of moles of the reactants are 

doubled, which doubles the amount of energy produced.

 OR 

 In the second experiment, D  
2 Δ

2

mc T

n
 

Δmc T

n
D . 

Thus the magnitude is the same as calculated in the first experiment  

     
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Question 2 



( ) 

298HD  298SD  298GD  

   
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Question 2 (continued) 

 

 K = /G RTe D-  

 K = 
1 1

870 J/mol

(8.314 J mol  K )(298 K)- -
-

e  

 K = 0.70

NOP 2NOP 2 3N OP

2 3N OP


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Question 2 (continued) 

 

 

 
1 point is earned for a valid diagram. 

1 point is earned for the correct answer.  

  
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Question 2 (continued) 


0.100 mol KOH

1000 mL KOH



20.0020 mol HNO

0.100 L




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Question 3 

 1 point is earned for a correct electron configuration. 

.

1 2

2

 q q
F

r
µ

.



 

  1 point is earned for the correct half-reaction. 
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Question 3 (continued) 

4

0 0350
17 48 0 000612

1000
´ =

2
2

4
4

5 mol Fe
0.000612 mol KMnO 0.003059 mol Fe

1 mol KMnO

+
+´ =

2+

1 point is earned for calculating the 

number of moles of KMnO

. 

 

1 point is earned for the correct  

concentration of . 

  

  

 The volumetric flask is designed to contain only 25.00 mL precisely. 
1 point is earned for 

a valid explanation. 
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Question 3 (continued)

2 3
2 3 2 3

2 3

1 mol Fe O
7.531 g Fe O 0.04716 mol Fe O

159.70 g Fe O  
´ =

2 3
2 3

2 mol Fe
0.04716 mol Fe O 0.09431 mol Fe

1 mol Fe O  
´ =

55.85 g Fe
0.09431 mol Fe 5.267 g Fe

1 mol
´ =

5.267 g Fe
100 78.33%

6.724 g sample
´ =
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Question 4 



1 1- -
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 Question 5  







0 0350






( )2 40 00455
6 81 10

0 0304

-
-´== =
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Question 5 (continued) 

1 1

2 2
1

2

-

1

2


0 035

2
-

 



 

0 0175 -


2

0 0175
 

0 00345

0 0175

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Question 6
 

 



 

 

cellE

  

cellE (cathode) (anode)red redE E-



 

redE


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Question 6 (continued) 

 

( )96 485 1 54D
-

-

æ ö æ ö
- - ç ÷ç ÷ è øè ø

   
   
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Question 7 

 

1 2

0 693 

     



0- 

10 069 -

-

-
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