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Question 2: Long Answer 10 points 
  

A (i) For the correct calculated value:  

2 2

Point 01 

 

2

2

1 mol H O2.883 g H O 0.1600 mol H O18.02 g H O× =  

(ii) For the correct calculated number of moles of H (may be implicit): Point 02 

 

2 mol H0.1600 mol H2O × = 0.3200 mol H  1 mol H2O

For the correct empirical formula. Point 03 

Examples of acceptable responses may include the following: 

• x : y z: = (moles of C):(moles of H):(moles of O) 
x : y z: = 0.2400 : 0.3200 : 0.2400 = 3 : 4 : 3   
Therefore, the empirical formula of ascorbic acid is C H3 4O3 . 

• 2
2

1 mol C0.2400 mol CO 0.2400 mol C1 mol CO× =  

0.3200 mol H 4 H=  0.2400 mol C 3 C
Given that the ratio of C:O  is 1:1 , the empirical formula of ascorbic acid is 
C H3 4O3 . 

B (i) For the correct calculated value:  Point 04 

0.0550 mol NaOH 1 mol HAsc0.0160 L NaOH × × = 8.80 × 10−4  mol HAsc1 L NaOH 1 mol NaOH
8.80 × 10−4  mol HAsc = 0.0880 M  HAsc0.0100 L

 

 (ii) For the correct pKa : Point 05 

4.1  (acceptable range: 4.0−4.3 ) 

 (iii) For the correct ratio, consistent with part B (ii):  Point 06 

Using the Henderson-Hasselbalch equation: 

[Asc ]pH  p log [HAsc]aK
− 

= +  
 

  

[Asc ]4.7 4.1 log [HAsc]

− 
= +  

 
  

0.6[Asc ] 10 4.0[HAsc]

−
= =  
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C (i) For a correct explanation.  Point 07 

Examples of acceptable responses may include the following: 

• 4.914 × 10−4

4 ( 0.900
2.457 10 0.450 )

a
=

× −
 , thus a = 1 

• Comparing trials 1 and 3, the rate doubles when the concentration of ascorbic acid is 
doubled and the triiodide ion concentration is constant, indicating that the process is 
first order with respect to ascorbic acid. 

 (ii) For the correct calculated value: Point 08 

3[HAsc][I ]rate k −=   

Using trial 1 data: 

rate 2.457 ×10−4  /M sk M= = = 4.55 ×10−4 −1 1
−  s−   

[HAsc][I (0.450 )M M(1.200 )
3 ]

 For the correct units: Point 09 

1 1 sM − −  

D For the correct answer: Point 10 

Ion-dipole attractions are present between 3I
−  ions and water but not between 2I  

molecules and water. 
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Question 2

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

Overview

NEW for 2025: The question overviews can be found in the Chief Reader Report on Student Responses on 
AP Central.

Sample: 2A 
Score: 10

Point 01: 1 
Part A (i): The point was earned for correctly calculating the number of moles of 2H O  and showing the supporting 
setup.

Point 02: 1 
Part A (ii): The point was earned for correctly calculating the number of moles of H . 

Point 03: 1 
Part A (ii): The point was earned for correctly determining the empirical formula of the ascorbic acid. 

Point 04: 1 
Part B (i): The point was earned for correctly calculating the number of moles of NaOH  and correlating that value to 
moles of HAsc  to find the molarity of the ascorbic acid solution. 

Point 05: 1 
Part B (ii): The point was earned for determining that p aK  equals pH  at the half-equivalence point. 

Point 06: 1 
Part B (iii): The point was earned for correctly calculating the [Asc ] / [HAsc]−  using the Henderson-Hasselbalch 
equation. 

Point 07: 1 
Part C (i): The point was earned for correctly explaining that “[u]sing trials 1 and 3, we can see that the reaction rate 
is 2 times greater when [HAsc]  is 2 times greater, so it is first order with respect to [HAsc] .” In trials 1 and 3, the 
concentration of the triiodide ion is held constant.

Point 08: 1 
Part C (ii): The point was earned for correctly calculating the value of the rate constant using data from one of the trials. 

Point 09: 1 
Part C (ii): The point was earned for correctly stating the units of k. 

Point 10: 1 
Part D: The point was earned for correctly identifying that because 3I

−  is an ion (unlike 2I ), ion-dipole forces exist 
between 3I

−  and 2H O . 
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Question 2 (continued)

Sample: 2B 
Score: 5

Point 01: 1 
Part A (i): The point was earned for correctly calculating the number of moles of 2H O  and showing the supporting 
setup.

Point 02: 1 
Part A (ii): The point was earned for correctly calculating the number of moles of H . 

Point 03: 1 
Part A (ii): The point was earned for correctly determining the empirical formula of the ascorbic acid. 

Point 04: 0 
Part B (i): The point was not earned because the molarity of the [HAsc]  is not correctly calculated. The calculation 
shown for [HAsc]  finds the hydrogen ion concentration in the 0.0550  NaOH( )M aq  solution instead of using the 
information in the titration curve to find [HAsc] . 

Point 05: 0 
Part B (ii): The point was not earned because an incorrect p aK  value is given. The p aK  value reported is the pH  at the 
equivalence point rather than the pH  at the half-equivalence point.

Point 06: 0 
Part B (iii): The point was not earned because the [Asc ] / [HAsc]−  is not correctly determined and no supporting 
calculation is shown.

Point 07: 1 
Part C (i): The point was earned for correctly identifying “a first reaction order” because the concentration of [HAsc]  
doubles from trials 1 to 3 while the initial rate of formation for those same trials also doubles. In trials 1 and 3, the 
concentration of the triiodide ion is held constant. 

Point 08: 1 
Part C (ii): The point was earned for correctly calculating the value of the rate constant from one of the trials (trial 1). 

Point 09: 0 
Part C (ii): The point was not earned because the incorrect units of k are stated. 

Point 10: 0 
Part D: The point was not earned because the response incorrectly states that dipole-dipole forces are present between 

3I
−  and 2H O  instead of identifying the ion-dipole forces between 3I

−  and 2H O .
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Question 2 (continued)

Sample: 2C 
Score: 2

Point 01: 1 
Part A (i): The point was earned for correctly calculating the number of moles of 2H O  and showing the supporting 
setup.

Point 02: 0 
Part A (ii): The point was not earned because the moles of H  are not calculated. 

Point 03: 0 
Part A (ii): The point was not earned because an incorrect empirical formula of the ascorbic acid is reported.

Point 04: 0 
Part B (i): The point was not earned because the molarity of the [HAsc]  is not correctly calculated. The response sets 
up a  cK  expression instead of using the titration data to calculate [HAsc] .

Point 05: 0 
Part B (ii): The point was not earned because it does not correlate that the pH  at the half-equivalence point is the 
p aK  of the weak acid.

Point 06: 0 
Part B (iii): The point was not earned because the [Asc ] / [HAsc]−  is not correctly determined, and no supporting 
calculation setup is shown. 

Point 07: 1 
Part C (i): The point was earned for explaining, “It’s first order with respect to [HAsc]  because in trials 1 & 3 when 
[HAsc]  doubles & 3[I ]−  remains constant, the initial rate also doubles.”

Point 08: 0 
Part C (ii): The point was not earned because the rate constant value is not calculated. The response does not use data 
from one of the experimental trials to calculate k.

Point 09: 0 
Part C (ii): The point was not earned because the incorrect units of k are stated. 

Point 10: 0 
Part D: The point was not earned because it identifies one intermolecular force (London dispersion forces) that is 
present between 3I

−  and 2H O  that is also present between 2I  and 2H O , and it identifies an incorrect intermolecular 
force (dipole-dipole) between 3I

−  and 2H O . 
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