AP® CHEMISTRY
2007 SCORING GUIDELINES (Form B)

Question 5

Answer the following questions about laboratory solutions involving acids, bases, and buffer solutions.

(a) Lactic acid, HC;H;O;, reacts with water to produce an acidic solution. Shown below are the complete
Lewis structures of the reactants.
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In the space provided above, complete the equation by drawing the complete Lewis structures of the
reaction products.

H _
I
(e (e +
]i] (l) ’ ﬁ [i[ One point is earned for
H—C—C—C —0O: + H— O: each correct structure.
| N |
i H H | H

(b) Choosing from the chemicals and equipment listed below, describe how to prepare 100.00 mL of a 1.00 M
aqueous solution of NH,CI (molar mass 53.5 g mol™). Include specific amounts and equipment where

appropriate.
NH,CI(s) 50 mL buret 100 mL graduated cylinder 100 mL pipet
Distilled water 100 mL beaker 100 mL volumetric flask Balance

mass of NH,CI = (0.100 L)(1.00 mol L153.5 g mol™") = 5.35 g NH,Cl o
One point is

1. Measure out 5.35 ¢ NH,CI using the balance. carned for the mass.

2. Use the 100 mL graduated cylinder to transfer approximately 25 mL of One point is
distilled water to the 100 mL volumetric flask. earned for using a
3. Transfer the 5.35 g NH,CI to the 100 mL volumetric flask. volumetric flask.

4. Continue to add distilled water to the volumetric flask while swirling the flask

X . One point is
to dissolve the NH,Cl and remove all NH,ClI particles adhered to the walls.

earned for diluting
5. Carefully add distilled water to the 100 mL volumetric flask until the bottom to the mark.
of the meniscus of the solution reaches the etched mark on the flask.
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Question 5 (continued)

(c) Two buffer solutions, each containing acetic acid and sodium acetate, are prepared. A student adds 0.10 mol
of HCI to 1.0 L of each of these buffer solutions and to 1.0 L of distilled water. The table below shows the

pH measurements made before and after the 0.10 mol of HCI is added.

pH Before HC1 pH After HCl
Added Added
Distilled Water 7.0 1.0
Buffer 1 4.7 2.7
Buffer 2 4.7 4.3

(i) Write the balanced net-ionic equation for the reaction that takes place when the HCl is added to

buffer 1 or buffer 2.

One point is earned
for the equation.

(i) Explain why the pH of buffer 1 is different from the pH of buffer 2 after 0.10 mol of HCI is added.

Before the HCI was added, each buffer had the same pH and thus had the
same [H*]. Because K, for acetic acid is a constant, the ratio of [H*] to K,
must also be constant; this means that the ratio of [HC,H;0, ] to [C,H;0,7 ]

is the same for both buffers, as shown by the following equation, derived from
the equilibrium-constant expression for the dissociation of acetic acid.

[HC,H;0,]1 _ [H']

[C,H0,71 K,

After the addition of the H*, the ratio in buffer 1 must have been greater

than the corresponding ratio in buffer 2, as evidenced by their respective pH
values. Thus a greater proportion of the C,H;0,™ in buffer 1 must have
reacted with the added H* compared to the proportion that reacted in

buffer 2. The difference between these proportions means that the original
concentrations of HC,H;0, and C,H;0,™ had to be smaller in buffer 1 than
in buffer 2.

One point is earned for a
correct answer involving
better buffering capacity
or relative amount of base
(acetate ion).
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Question 5 (continued)

(iii) Explain why the pH of buffer 1 is the same as the pH of buffer 2 before 0.10 mol of HCI is added.

Both buffer solutions have the same acid to conjugate-base
mole ratio in the formula below.
HC,H,;0
[H+]=Ka[ ,H;0, |
[C2H302_ ]

Therefore, the buffers have the same [H*] and pH.

One point is earned for the correct
answer involving ratio of acid
to base in the buffer.

© 2007 The College Board. All rights reserved.

Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).




BBBBBBBBBDBBBB Bgy
!

Answer Question 5 and Question 6. The Section II score weighting for these questions is 15 percent each.

Your responses to these questions will be graded on thW mumhﬁmﬁﬁfdtﬁiiﬁ@mcﬁ
Explanations should be clear and well organized. Examples and equations may be included in your responses where
appropriate. Specific answers are preferable to broad, diffuse responses.

5. Answer the following questions about laboratory situations involving acids, bases, and buffer solutions.

(a) Lactic acid,“HC3H5(j3 , reacts with water to produce an acidic solution. Shown below are the

complete Lewis structures of the reactants. H
{
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In the space provided above, complete the equation by drawing the complete Lewis structures of the
reaction products.

(b) Choosing from the chemicals and equipment listed below, describe how to prepare 100.00 mL of a 1.00 M
aqueous solution of NH,Cl (molar mass 53.5 g mol™!). Include specific amounts and equipment where

appropriate.
NH,CI(s) 50 mL buret 100 mL graduated cylinder 100 mL pipet
Distilled water 100 mL beaker 100 mL volumetric flask Balance
(¢) Two buffer solutions, each containing ic acid and m are prepared. A student adds 0.10 mol

of HCI to 1.0 L of each of these buffer solutions and to of distilled water. The table below shows the
pH measurements made before and after the 0.10 m:ol of HCI is added. ;

pH Before pH After
HCl Added | HCl Added

Distilled water 7.0 1.0
Buffer 1 4.7 2.7
Buffer 2 4.7 43

(i) Write the balanced net-ionic equation for the reaction that takes place when the HCI is added to
11 1§ added

~buffer 1 or buffer 2.

(ii) Explain why the pH of buffer 1 is different from the pH of buffer 2 after 0.10 mol of HCI is added.
(iii) Explain why the pH of buffer 1 is the same as the pH of buffer 2 before 0.10 mol of HCI is added.
5a,) ABouvE .
by (D) Deternme The apgyt oF Molss Bttt inthe degired Solstion
B0 Joom) = 0. L ndes
D Deforame mass of Nl nerded *

mag || b,!ndeqi 525a 5 18- GO ON TO THE NEXT PAGE.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 5.
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Answer Question 5 and Question 6. The Section II score welghtmg for these quesuons is 15 percent each.

Your responses to these questions will be graded on the basis of the accuracy and relevance of the information cited.
Explanations should be clear and well organized. Examples and equations may be included in your responses where
appropriate. Specific answers are preferable to broad, diffuse responses.

5. Answer the following questions about laboratory situations involving acids, bases, and buffer solutions.

(a) Lactic acid, HC3H;0,, reacts with water to produce an acidic solution. Shown below are the
complete Lewis structures of the reactants.

| B +
! H -
‘»":’ﬁ C 0= H
H— <I: ? C—0—H + H—-cl). — H-C‘:*CIL'C“Q' T :
H H H "o M

In the space provided above, complete the equation by drawing the complete Lewis structures of the
reaction products.

(b) Choosing from the chemicals and equipment listed below, describe how to prepare 100.00 mL of a 1.00 M
_agueous solution of NH4C1 (molar mass 53.5 g mol~!). Include specific amounts and equipment where
appropriate.

NH,CI(s) 50 mL buret 100 mL graduated cylinder 100 mL pipet
Distilled water 100 mL beaker 100 mL volumetric flask Balance

(c) Two buffer solutions, each containing acetic acid and sodium acetate, are prepared. A student adds 0.10 mol
of HCI to 1.0 L of each of these buffer solutions and to 1.0 L of distilled water. The table below shows the
pH measurements made before and after the 0.10 mol of HCl is added.

pH Before pH After
HCl Added | HCl Added

Distilled water 70 1.0
Buffer 1 4.7 2.7
Buffer 2 4.7 4.3

(i) Write the balanced net-ionic equation for the reaction that takes place when the HCI is added to
buffer 1 or buffer 2.

(ii) Explain why the pH of buffer 1 is different from the pH of buffer 2 after 0.10 mol of HCI is added.
(iii) Explain why the pH of buffer 1 is the same as the pH of buffer 2 before 0.10 mol of HCl is added.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 5.

b) Sncg. M=looMed /2 and = 100m@ = 0. (a0l
p= M-y = {1.00 mel/2 ) (0. 102.2)

n =0 i00oms«l = g%mgjg: es Uu,fUL(Q3

ez, C(.dszd n - dace
NHV(,Q(.%Q - NG Cag) ALoter N

= (0.100 e \)f- (s3.5 %(ms’ﬂ

[

= 5.25¢

40 be acic
Pﬂﬁamrﬂ:i mﬁu "ﬁ.uz,

balance prouttoct .

« A5 1o cmrgmﬁ Hie foluent altn thae, oo detomined \otum e_ﬂ_,

100 mﬂ o ome DID€1‘ I Wed o meacvre eut 00 me

+ el agai

__ orgarurerngat it g U

@QfGMNJJme'dﬁé-

« M ter Hie 4\0Q mf heair (1 clezned QU‘!; f g watwr (n tue
___\go loct | ! in . Py L
. .« 5.35 () {n bend . Tue folwent ead >

.

Ggueas tnlubon o NHq (,Hqc%,

) () (M3 (00~ Caq) + H L qu) - CleooH (aa) + (- Cae;D

(i \Y i (s at
o C - at In ha

-19- GO ON TO THE NEXT PAGE.

©2007 The College Board. All rights reserved.
Visit apcentral.collegeboard.com (for AP professionals) and www.collegeboard.com/apstudents (for students and parents).



BBBBBBBBBBBBBB{'B

ADDITIONAL PAGE FOR ANSWERING QUESTION 3.
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Answer Question 5 and Question 6. The Section I score weighting for these questions is 15 percent each.

Your responses to these questions will be graded on the basis of the accuracy and relevance of the information cited.
Explanations should be clear and well organized. Examples and equations may be included in your responses where
appropriate. Specific answers are preferable to broad, diffuse responses.

5. Answer the following questions about labofatory situations involving acids, bases, and buffer solutions.

a) Lactic acid, HC,H.O,, reacts with water to produce an acidic solution. Shown below afe the
301500
complete Lewis structures of the reactants.

i
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In the space provided above, complete the equation by drawing the complete Lewis structures of the
reaction products.

(b) Choosing from the chemicals and equipment listed below, describe how to prepare 100.00 mL of a 1.00 M
aqueous solution of NH,Cl (molar mass 53.5 g mol™). Include specific amounts and equipment where

appropriate.

NH,CKs) 50 mL buret 100 mL graduated cylinder 100 mL pipet
Distilled water 100 mL beaker 100 mL volumetric flask Balance

(c) Two buffer solutions, each containing acetic acid and scdium acetate, are prepared. A student adds 0.10 mol
of HCI to 1.0 L of each of these buffer solutions and to 1.0 L of distilled water. The table below shows the
pH measurements made before and after the 0.10 mol of HCl is added.

pH Before pH After
HCl Added | HCl Added

Distilled water 7.0 1.0
Buffer 1 47 2.7
Buffer 2 4.7 43

(i) Write the balanced net-ionic equation for the reaction that takes place when the HCl is added to
buffer 1 or buffer 2.

(ii) Explain why the pH of buffer 1 is different from the pH of buffer 2 after 0.10 mol of HCI is added.
(iii) Explain why the pH of buffer 1 is the same as the pH of buffer 2 before 0.10 mol of HCl is added.
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ADDITIONAL PAGE FOR ANSWERING QUESTION 5.
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Question b

Sample: bA
Score: 8

This response earned all 8 points: 2 for part (a), 3 for part (b), 1 for part (c)(i), 1 for part (c)(ii), and 1 for
part (c)(iii).

Sample: bB
Score: 5

Both points were earned in part (a). The first point was earned in part (b) for the correct mass calculation; the
other 2 points were not earned because the volumetric flask is not used, and the water is not filled to the mark that
indicates a total volume of 100.00 mL. The point was not earned in part (c)(i) because the equation is not a net-
ionic equation. The points were earned in parts (c)(ii) and (c)(ii).

Sample: bC
Score: 3

The points were not earned in part (a). The first point was earned in part (b) for the correct mass of solute (even
though the student identifies the solute as HCI instead of NH,C1). The other 2 points were not earned because the
volumetric flask is not used, and the water is not filled to the mark that indicates a total volume of 100.00 mL.
The points were earned in parts (c)(i) and (c)(ii). In part (c)(iii) the point was not earned because the student does
not write about the importance of the ratio of acetate to acetic acid but simply states the obvious relationship
between H™ concentration and pH.
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