AP® CHEMISTRY
2006 SCORING GUIDELINES (Form B)

Question 1

C¢H;COOH(s) 2 C(HsCOO (aq) + H*(aq) K, = 6.46x 1077

1. Benzoic acid, C;qHsCOOH, dissociates in water as shown in the equation above. A 25.0 mL sample of an
aqueous solution of pure benzoic acid is titrated using standardized 0.150 M NaOH.

(a) After addition of 15.0 mL of the 0.150 M NaOH, the pH of the resulting solution is 4.37. Calculate each
of the following.

(i) [H*] in the solution

[H] = 100*M = 43x100°M One point is earned for the correct answer.

(i1) [OH™] in the solution

v 1.0x107" M2
[OH7] = (H'] S a0 23x10710M One point is earned for the correct answer.

(i11) The number of moles of NaOH added

One point is earned for

mol OH™ = 0.0150L x0.150 molL™! = 2.25x 10~3 mol
the correct answer.

(iv) The number of moles of C;HsCOO™ (ag) in the solution

mol OH™ added = mol C4gH;COO ™ (aq) generated, thus One point is earned for
mol C4H;COO™(ag) in solution = 2.25 X 103 mol the correct answer.

(v) The number of moles of C;HsCOOH in the solution

_ [H'][C4H;COO0™ ] [H'J[C4HsCOO™]

[CeHsCOOH] K One point is earned for
43X 107 M) X 2.25 % 10~ mol the correct molarity.
o 0.040 L _ )
[CHsCOOH] = 26 X105 = 37x10"M One point is earned for

the correct answer.

thus, mol C(H;COOH = (0.040 L)( 3.7 X 102M) = 1.5%x 107 mol
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AP® CHEMISTRY

2006 SCORING GUIDELINES (Form B)

Question 1 (continued)

Alternative solution for part (a)(v):

[CeH5;COO™]
[CcH;COOH]
= pH - pK, = log [CiH;COO™] —log [C;HsCOOH]

pH = pK, + log

= log [C{H;COOH] = log [C{H;COO™] - (pH-pK,)

2.25%107> mol

= log (—4520L

-1.25-0.18 = -1.43

=  [C(HsCOOH] = 107 = 3.7x1072%M

) — (4.37-4.190)

thus, mol C{HsCOOH = (0.040L )(3.7x 102 M) = 1.5x 10~ mol

(b) State whether the solution at the equivalence point of the titration is acidic, basic, or neutral. Explain

your reasoning.

At the equivalence point the solution is basic due to the presence
of C4gHsCOO~ (the conjugate base of the weak acid) that
hydrolyzes to produce a basic solution as represented below.

CHCOO™ + H,0 & CH,COOH + OH"

One point is earned for the
prediction and the explanation.

In a different titration, a 0.7529 g sample of a mixture of solid C;H;COOH and solid NaCl is dissolved in
water and titrated with 0.150 M NaOH. The equivalence point is reached when 24.78 mL of the base

solution is added.

(c) Calculate each of the following.

(i) The mass, in grams, of benzoic acid in the solid sample

1 mol CdH;COOH

mol CH;COOH = (0.02478 L) x (0.150 mol OH™ L) x

3.72x 1073 mol C{H;COOH

mass CgHsCOOH = 3.72x 1073 mol C4H;COOH x

1 mol OH ™~

One point is

122 g C.H.COOH earned for the
6115

= 0.453 g C;H,COOH

1 mol C;H;COOH

correct answer.
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AP® CHEMISTRY
2006 SCORING GUIDELINES (Form B)

Question 1 (continued)

(i1)) The mass percentage of benzoic acid in the solid sample

0.453 g C,H;COOH
0.7529 ¢ x 100 One point is earned for the correct
answer.

mass % CsH;COOH

60.2%
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CHEMISTRY ! A ]
Section I
(Total time—90 minutes)

Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in this booklet. Do
NOT write your answers on the lavender insert.

Answer Question 1 below. The Section II score weighting for this question is 20 percent.

CsHsCOOH(s) 2 C¢HsCOO (aq) + H*(ag) K, = 6.46x 107

1. Benzoic acid, C¢H;COOH, dissociates in water as shown in the equation above. A 25.0 mL sample of an
aqueous solution of pure benzoic acid is titrated using standardized 0.150 M NaOH.

(a) After addition of 15.0 mL of the 0.150 M NaOH, the pH of the resulting solution is 4.37. Calculate each
of the following.
(i) [H*] in the solution
(ii)) [OH™] in the solution
(iii) The number of moles of NaOH added
(iv) The number of moles of CgHsCOO™(ag) in the solution
(v) The number of moles of CgHs;COOH in the solution

(b) State whether the solution at the equivalence point of the titration is acidic, basic, or neutral. Explain your
reasoning.

In a different titration, a 0.7529 g sample of a mixture of solid C;H;COOH and solid NaCl is dissolved in

water and titrated with 0.150 M NaOH. The equivalence point is reached when 24.78 ml of the base solution
is added. '

(c) Calculate each of the following.
(i) The mass, in grams, of benzoic acid in the solid sample

(ii) The mass percentage of benzoic acid in the solid sample

a) O X «&36—\'1 ACEI N oL S W Y$,744/6° M

O o ko <> (421455 Cowtz tas™ CoH T 2.3 Yxis™M

GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 1. \ A 9\
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Section II
(Total time—90 minutes)

CHEMISTRY \ C |

Part A
Time—40 minutes
YOU MAY USE YOUR CALCULATOR FOR PART A.

CLEARLY SHOW THE METHOD USED AND THE STEPS INVOLVED IN ARRIVING AT YOUR ANSWERS.
It is to your advantage to do this, since you may obtain partial credit if you do and you will receive little or no credit if
you do not. Attention should be paid to significant figures.

Be sure to write all your answers to the questions on the lined pages following each question in this booklet. Do
NOT write your answers on the lavender insert.

Answer Question 1 below. The Section II score weighting for this question is 20 percent.

C¢H;COOH(s) 2 C¢H,COO™(ag) + H*(ag) K, = 6.46x 1073

1. Benzoic acid, C4H;COOH, dissociates in water as shown in the equation above. A 25.0 mL sample of an
aqueous solution of pure benzoic acid is titrated using standardized 0.150 M NaOH.

(a) After addition of 15.0 mL of the 0. 150 M NaOH the pH of the resulting solution is 4.37. Calculate each
of the following.
(i) [H'] in the solution
(ii) [OHT] in the solution
(iii) The number of moles of NaOH added
(iv) The number of moles of CgH;COO™(aq) in the solution

(v) The number of moles of C;H;COOH in the solution

(b) State whether the solution at the equivalence point of the titration is acidic, basic, or neutral. Explain your
reasoning.

In a different titration, a 0.7529 g sample of a mixture of solid C;qH;COOH and solid NaCl is dissolved in

water and titrated with 0.150 M NaOH. The equivalence point is reached when 24.78 mL of the base solution
is added.

(c) Calculate each of the following.
(i) The mass, in grams, of benzoic acid in the solid sample

(ii)) The mass percentage of benzoic acid in the solid sample

o)y pH=4:37 [ut]=lxlo™ "7 i) [oH]= [k ]

pH ==(oo[H"] [ " T=420xlboM IR
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GO ON TO THE NEXT PAGE.
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AP® CHEMISTRY
2006 SCORING COMMENTARY (Form B)

Question 1

Sample: 1A
Score: 8

This excellent response earned 8 out of 9 possible points: 1 point for part (a)(i), 1 point for part (a)(ii), 1 point for
part (a)(iii), 1 point for part (a)(iv), 2 points for part (a)(v), 1 point for part (b), and 1 point for part (c)(ii). The
point was not earned in part (c)(i) because the molar mass of benzoic acid used is incorrect. This incorrect mass
is used correctly in part (c)(ii), so the point was earned in part (c)(ii).

Sample: 1B
Score: 5

The point was not earned in part (a)(iv) because the final [C;H;COO 7] does not equal [H*] but rather [OH™].
The points were not earned in part (a)(v) because the molarity of C,H;COO ~ is not adjusted for 40.0 mL of

solution, and [C{HsCOO ] is not converted to moles of C,H;COO ~. The point was not earned in part (b)
because the justification is incorrect.

Sample: 1C
Score: 4

The point was not earned in part (a)(ii) because [OH™] # [H*]. The point was not earned in part (a)(iv) because
[C¢HsCOO ] # [H*]. The incorrect value of [C;HsCOO ] is used correctly in part (a)(v), so both points were

earned in part (a)(v). The point was not earned in part (b) because the student misidentifies the equivalence point
as the point where pH = pK, . No points were earned in part (c).
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