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Question 4: Short Answer 4 points 
 

A For the correct answer:  Point 01 

2sp   

B For a correct diagram:  Point 02 

The diagram should show a dashed line between the O  atom in one 2H CO  molecule and 
the H  atom in the OH−  group of one CH3OH  molecule. See example response below. 

 
C (i) For a correct proposal:  Point 03 

The proposed temperature should be in the range 181 K−254 K . 

 (ii) For the correct calculated value:  Point 04 

 

1 mol CH OH 37.6 kJ8.59 g CH 3 −
3OH × × = −10.1 kJ , so 10.1 kJ are removed. 

32.04 g CH3OH 1 mol CH3OH

1



AP Chemistry: 2023AP® Chemistry 2023 Scoring Guidelines  

© 2023 College Board 

Question 6: Short Answer 4 points 
 
(a) For the correct answer:  

HBr( )l : London dispersion forces, dipole-dipole attractions 

HF( )l : London dispersion forces, dipole-dipole attractions, hydrogen bonding 

1 point 

(b) (i) For a correct explanation:  

vapH∆   is greater for HF( )l  than HBr( )l  because the overall intermolecular forces in 

HF( )l  are stronger than those in HBr( )l  due to hydrogen bonding attractions present in 
HF( )l , so more energy is required to separate the molecules in HF( )l . 

1 point 

 (ii) For the correct calculated value:  

1 mol 25.2 kJ6.85 g HF 8.63 kJ20.01 g 1 mol× × =  

1 point 

 Total for part (b) 2 points 

(c) For a correct explanation:  

Br  has two additional occupied electron shells (n = 3 and n = 4) compared to F  (n = 2). 
The extra electron shells increase the distance between the H  and Br  nuclei, giving HBr  
the greater bond length. 

1 point 

 Total for question 6 4 points 
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Question 1: Long Answer 10 points 

(a) For the correct calculated value: 1 point 

1 mol C H O 1 mol HC H O 138.12 g 8  8 3  7  5 30.300 g C H O × × × = 0.272 g HC H O8  8 3  7  5 3152.15 g 1 mol C H O 1 mol HC H O8  8 3  7  5 3  

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

Yes (consistent). Because the acid is soluble in water, some crystals may dissolve during 
rinsing, causing the mass of the collected precipitate to be lower than expected. This would 
lead to a percent yield less than 100%. 

(c) For the correct calculated value of either q: 1 point 

Accept one of the following: 

• qheat ∆T = (0.105 g)(1.17 J/(g C))(159 C − ° = 16.5 J = mc ⋅ °  °  25 C) 
1 mol 27,100 J • qmelt = 0.105 g × × = 20.6 J 138.12 g 1 mol 

For the correct calculated value of the other q and the total heat: 1 point 

q = q + q = 16.5 J + 20.6 J = 37.1 J total heat melt 

Total for part (c) 2 points 

(d) For a correct explanation: 1 point 

Molecules of salicylic acid have more hydrogen bonding sites than molecules of methyl 
salicylate have, which leads to stronger intermolecular forces and a higher melting point 
for salicylic acid. 

(e) For the correct answer: 1 point 

The pK is approximately 3. a 

(f) For the correct answer and a valid justification, consistent with part (e): 1 point 

Accept one of the following: 

• The conjugate base, C  H O  − . When pH = 4 , the titration is beyond the half-7  5 3  
− ] − ]equivalence point, where [HC  H O  ]  = [C  H O  . Thus, [C H O must be 7  5 3  7  5 3  7  5 3  

greater than [HC H O ] .7  5 3  

• The conjugate base, C  H O  − . Because the pH of the solution is greater than the 7  5 3  

pK of the acid, the majority of the molecules will be deprotonated. a 

(g) For the correct calculated value: 1 point 

5−pK = − log(6.3 × 10 ) = 4.20a 

© 2022 College Board 
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(h) For a curve that shows a correct starting and half-equivalence point, consistent with part (g): 1 point 

The curve starts at pH ≈ 3.11 and passes through the pKa calculated in part (g) at 5 mL . 
See example response below. 

For a curve that shows the correct equivalence point: 1 point 

The curve inflects vertically at 10 mL showing the same volume of base needed to reach 
the equivalence point. 

Total for part (h) 2 points 

Total for question 1 10 points 

© 2022 College Board 
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Question 4: Short Answer 4 points 

(a) For a correct calculated value: 1 point 

0.0016 g 1 mol −51 L × × = 3.1 × 10  mol 1 L 51.48 g 

(b) For the correct identification of intermolecular forces between each substance and water: 1 point 

Accept one of the following: 

• Both NH2Cl and NCl3 can participate in hydrogen bonding with water. 

• Both NH2Cl and NCl3 have dipole-dipole attractions to water. 

For a correct explanation: 1 point 

The intermolecular forces between NH2Cl molecules and water are stronger than those 

between NCl3 molecules and water, which leads to the greater solubility of NH2Cl in 
water. 

(c) For the correct calculated value: 

Total for part (b) 2 points 

1 point 

1 mol 32.9 kJ15.0 g NCl × × = 4.10 kJ3 120.36 g 1 mol 

Total for question 4 4 points 

© 2022 College Board 
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1.0 mol Na 1.0 mol 
1.0 g Na   =  0.043 mol 

22.99 g Na 1.0 mol Na

e
e

-
-´ ´

1.0 mol Ca 2.0 mol 
1.0 g Ca   =  0.050 mol 

40.08 g Ca 1.0 mol Ca

e
e

-
-´ ´
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catalyst
2 5 2 4 2 298 298C H OH( ) C H ( ) + H O( ) 45.5 kJ/mol ; = 126 J/(K mol )

ethanol ethene water

rxn rxng g g H SD D¾¾¾¾® =


1 atm

760 torr

 

1 1

(0.775 atm)(0.0854 L)
 =  =   =  0.00264 mol

(0.08206 L atm mol  K )(305 K)

PV
n

RT - -

actual yield 0.00264 mol
% yield  =  × 100  = 

maximum possible yield 0.00434 mol

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 



1.25 mol HCl  mol HCl
=

1000 mL 29.95 mL

x

6 7 2 6 7 20.0374 mol C H O  mol C H O
=

45.0 mL 1000 mL

x- -



  
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

24 J
1.00 mol 635 K = 15,000 J = 15 kJ

mol K
´ ´

2 3 2
3

Al O ( ) 2 Al( ) O ( ) =1675 kJ/mol
2 rxns s g HD® +

1 mol of reaction

2 mol Al
´
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