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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 6: Short Answer 4 points 
 
(a) For a correct explanation:  

The plot of 
2

1
[NO ]  versus time is the most linear, indicating that the reaction is second 

order with respect to 2NO . 

1 point 

(b) For the correct calculated value:  

7 72

2

1 mol O6.52 10 /s 3.26 10 /s2 mol NOM M− −× × = ×  

1 point 

(c) (i) For the correct Lewis diagram:  

 

1 point 

    (ii) For the correct answer and a valid justification, consistent with part (c)(i):  

Accept one of the following: 

• Agree. The angle of 2NO +  is different from the angle in 2NO  because there 

would no longer be a nonbonding electron on the central atom in 2NO , and the 

O  atoms would spread farther apart, forming a linear structure with a 180  
bond angle. 

• Agree. The hybridization of N  in 2NO  is 2sp , which would result in a bond 

angle of approximately 120 . The hybridization of N  in 2NO +  is sp , which 

would result in a bond angle of 180 . 

1 point 

 Total for part (c) 2 points 

 Total for question 6 4 points 
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Question 1 
 



rxnHD

 

 
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Question 1 (continued) 



 



   ‒  






  

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



17



AP Chemistry: 2018
AP® CHEMISTRY 

2018 SCORING GUIDELINES 

 

© 2018 The College Board.  

Visit the College Board on the Web: www.collegeboard.org. 

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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