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AP® Chemistry 2023 Scoring Guidelines

Question 4: Short Answer 4 points
(a) For the correct calculated value: 1 point
0.00250 mol CH;NH;Cl x 6752¢ _ 0.169 g
1 mol
(b) For a correct description of step 1: 1 point

Accept one of the following:

o  Use the spatula, balance, and weighing paper to measure out exactly 0.169 g of
CH;NH;Cl(s) .

o Use the balance to weigh out the mass of solid in part (a).

For a correct description of step 4: 1 point

Rinse the buret with a small amount of 0.100 M CH;NH, (aq), drain, and refill with
0.100 M CH;3;NH,(aq).

Total for part (b) 2 points

(©)

For the correct answer and a valid justification: 1 point

Equal to. The ratio of weak acid to conjugate base is still 1:1.

Total for question 4 4 points

© 2023 College Board
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Question 4

Begin your response to QUESTION 4 on this page.

4. A student is asked to prepare a buffer solution made with equimolar amounts of CHsNH,(aq) and CHyNHsCl(s).
The student tses 25.00 mL of 0.100 M CHyNHj(ag), which contains 0.00250 mol of CHyNHj, to make the
buffer.

(a) Calculate the mass of CH;NH;Cl(s) that contains 0.00250 mol of Cl.
7.5 9 ﬂ%ﬁ,

0.00150 ms | LH,VH, €] Tel CLNH, ) = O.IH, CH, M, cl

The student has the following materials and equipment available.

« Distilled water * Electronic balance * 50 mL beaker * Pipets
+0.100 M CH;NH,(ag)  *Weighing paper *10.0 mL graduated cylinder  * pH meter
* Solid CHyNH;Cl * 50.00 mL buret * Small spatula

(b) The following table contains a partial procedure for making the buffer solution. Fill in steps 1 and 4 to

complete the procedure using only materials and equipment selected from the choices given. (Not all materials
listed will be used. Assume that all appropriate safety measures are already in place.)

Step Procedure

Record the. mass oF ﬂe wciglnh, paper on 'Hg e,lnfmfc E*fnnu,"‘h z“
1| CHaWH, ) unti] the balance veads (01695 + [mass oF weighiy pajer]),
{mmu spfuta tan be used fo Stoop 1At colid onty the uer',‘u'n’ pq,tm)

2 |Place the solid in the 50 mL beaker.

Clean the buret and rinse with distilled water.

Rinse buret with 01086 M (H,NH,,

Add ©.,100 M {H!le inte f‘l%urtf (more them 26,00 mi of ;t).
$0.00 mL

5 | Use the buret to add 25.00 mL of 0.100 M CH3NH, (aq) to the beaker.

Mix well.
Check the pH with the pH meter.

GO ON TO THE NEXT PAGE.

Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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® Question 4

Continue your response to QUESTION 4 on this page.
The value of K}, for CHyNH,(agq) is 4.4 x 10, and the pH of the buffer the student prepared is 10.64.

(c) The student prepares a second buffer solution. The student uses 25.00 mL. of 0.050 M CHyNH,(aq) instead
of 25.00 mL of 0.100 M CHyNHj(ag), and half the mass of CHyNH5Cl(s) that was used in the first buffer. Is
the pH of the second buffer greater than, less than, or equal to the pH of the first buffer? Justify your answer.

0.02500 L 0.050 M = 0,00125 mo| CH, VH,

0. 1bq el
— - Tr5ITg = D02 mol CHywH )

Srnc!. CH; NH! QI\J CH] HH CF o't sh« Pre‘“-'- " Ceﬂiﬂ\°{§r .nom‘h on f*t
semJ qu’hr - g 2 e Thit P

Unauthorized copying or reuse of this page is lllegal. Page 13 GO ON TO THE NEXT PAGE.
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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Question 4 ¢

Boginyourrnponutonumlonmhpage

a. Amdmthuhdmpmpucahﬁwnhﬁonmﬂnwiﬁemﬂmhmmd&l,m{,(aq)del-i;N]-I;C‘l(a]. §
The student uses 25.00 mL of 0.100 M CH;NH;(aq), which contains 0.00250 mol of CHsNH;, to make the |
buffer. ' '

(a) Calculate the mass of CHyNH;Cl(s) that contains 0,00250 mol of CH;NH,Cl.
malav moss = (93.51% 4/ me)

0.00350 mal + (©}.D189 """\O'T(D"I SCHSUHZEI— }‘,.

-

1 Mol
o
The student has the following materials and equipment available.
Distilledwater ¥ Electronic balance ~~ + 50mL beaker ~ « Pipets =
-0.100 M CH;NHy(ag) *Weighingpaper *~  +10.0mL graduated cylinder * pH meter .

+Solid CH;NH;Cl v~ +50.00mL buret ©~  +Small spatula

(b) The following table contains a partial procedure for making the buffer solution. Fill in steps 1 and 4 to
complete the procedure using only materials and equipment selected from the choices given. (Not all materials
listed will be used. Assume that all appropriate safety measures are already in place.)

Step . Procedure
Musu\ﬁn 0169 C,HaNHac 5) LA o SMail

DG USRIGWNY aPeY o oM elovoiny |
\aamm (W\Ow S )*ro 2eV0 el MY p .

2 P!aoetheaolidinthaSOmeuht
3 |Clean the buret and rinse with distilled water.

mm O wules With Oﬂs%“ WQ(W« f*wl
QLT

NH SO0V AN
SO BN ot G ial VOu

5 Use the buret to add 25.00 mL of 0.100 M CH3;NH;(aq) to the beaker.
Mix well,
Check the pH with the pH meter.

Unauthorized copying or reuse of this page Is illegal. Page 12 GOONTDMN!ITPAOI
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° Question 4

L ..I.I Ii'. - i T o g -

Continue your response to QUESTION 4 on this page.
The value of Kj, for CHyNH;(ag) is 4.4 x 10~, and the pH of the buffer the student prepared is 10.64.

(c) The student prepares a second buffer solution. The student uses 25.00 mL of 0.050 M CHyNH,(aq) instead
of 25.00 mL of 0.100 M CH;NH,(ag), and half the mass of CH;NH;Cl(s) that was used in the first buffer. Is
the pH of the second buffer greater than, less than, or equal to the pH of the first buffer? Justify your answer.

mouws o CHs3NH, = I/g
Ya wmass = ¥z 'molgsoF CHzNH3C |"(c):"oo:‘aS7
r- CHaNHz - 20 — CHg Nkl T oW ~

St 0«OnYUE M ¢ 0.00642 M LOH 1 fue
s (5 Qs Anen [OH"] A A 15T
A T AN o anon 608 OH, YW
oo pH s (o 40 Y wwwa
pusic) . swee (o 8 (0
L znol oW, i el WO \OH that
(S 10WEV tjaap 1A 1% by,

(@38 08iC)
WMUMUWNP:!LW Page 13 . GOONTOTHEN!XTPAGE

' J‘? lo.0s SN o) o
005w v 24
t ‘2& y. Y [0\?‘4 _ x"" | X = O:OO qq&‘M
: o 0.05 =X
o~ | 'QO KQHJ oooxﬁysmy
- -2.- .= 0.00042 M
uuro “, 1..1‘5___ P T M O A /
’ \V 0 X [OH"] =0.00643 M |

Uunpondlmlponmthnkordnrkblmink.bnﬂmmmhﬁm Do NOT write outside the box.
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Question. 4

Boﬁnyourmhﬁ@ﬂﬁion thi page.
4. A student is asked to prepare a buffer solution made with equimolar amounts of CHyNHj(aq) and CH;NH,Cl(s).
The student uses 25.00 mL of 0.100 M CH;NH,(aq), which coritains 0.00250 mol of CHyNH,, to make the

buffer, Iy -
N X 35,435
(a) Calculate the mass of CH;NH;Cl(s) that contains 0.00250 mol QfCH_‘Nl"igd (1,47
3 3

o et U eyttt

The student has the following materials and equipment available.

« Distilled water * Electronic balance * 50 mL beaker  Pipets
X +0.100 M CH;NH,(ag)  *Weighing paper +10.0 mL graduated cylinder * pH meter
» Solid CH;NH,Cl * 50.00 mL buret » Small spatula

(b) The following table contains a partial procedure for making the buffer solution. Fill in steps 1 and 4 to
complete the procedure using only materials and equipment selected from the choices given. (Not all materials
listed will be used. Assume that all appropriate safety measures are already in place.)

Step Procedure

| g Jed CH R

2  |Place the solid in the 50 mL beaker.
3 | Clean the buret and rinse with distilled water.

. ?f‘[“’ > 25, 00 L o L AN C-HSNH‘:_L'«{) fom Eiu*“'*d

5 | Use the buret to add 25.00 mL of 0.100 M CHyNH, (aq) to the beaker.

6 |Mix well
Check the pH with the pH meter.

Unauthorized copying or reuse of this page Is illegal. Page 12 GO ON TO THE NEXT PAGE.
Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box.
0106440 H NEEEEEE &8
e 0o 0 oo ¢ 8 & °e s @




Sample 4C 2 of 2

« Question 4

Continue your response to QUESTION 4 on this page.
The value of K, for CH;NH,(ag) is 4.4 x 10™*, and the pH of the buffer the student prepared is 10.64.

(c) The student prepares a second buffer solution. The student uses 25.00 mL of 0.050 M CH3NH,(ag) instead
of 25.00 mL of 0.100 M CH,NH,(agq), and half the mass of CH;NH;Cl(s) that was used in the first buffer. Is
the pH of the second buffer greater than, less than, or equal to the pH of the first buffer? Justify your answer.

Equal fo Tl of o Dt Lol

becuves Jhe Pmpﬂﬁ'l‘%ﬂs af CHBNH-"- Yo C'H;/VHSCI
At +11-|:_. S N 1:"5"‘1'\ sd’w"h\.mg

Unautharized copying or reuse of this page Is illegal. Page 13 GO ON TO THE NEXT PAGE.
Use ‘a pencil 6f & pen with'black or dark blue ink. Do NOT write your name. Do NOT write outside the box.
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AP® Chemistry 2023 Scoring Commentary

Question 4
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.

Overview

Question 4 presented students with an array of questions concerning the preparation and analysis of
buffer solutions with equimolar amounts of the weak base, CH;NH, and its conjugate acid,
CH;NH;".

Part (a) required students to apply mathematical routines to determine the mass of CH;NH;Cl(s)
required to prepare the desired buffer (Learning Objective SPQ-1.A, Skill 5.F from the AP Chemistry
Course and Exam Description). The student must use the periodic table to determine the molar mass
of CH5NHs;Cl to convert a given mole value to grams to earn the point.

Part (b) required students to identify appropriate experimental procedures required to accurately
weigh a mass of solid (SPQ-1.A, 2.C) and prepare a buret to deliver a precise volume of solution
(SPQ-3.A, 2.C). The students were presented with an incomplete procedure and tasked with filling in
two missing procedural steps. The first point was earned for the correct selection of the electronic
balance to measure the mass of CH;NH;ClI(s) calculated in part (a) in Step 1 of the procedure. The
second point was earned for rinsing the wet buret with the 0.100 M CHsNH: solution prior to filling it
with the 0.100 M CH3;NH, in order to prevent dilution of the solution in Step 4 of the procedure.

Part (c) required students to integrate mathematical and conceptual reasoning to predict the outcome
of an experimental modification to the preparation of the buffer (SAP-10.C, 2.F). The procedure was
modified by halving both the moles of CH;NH; and the mass of CH;NH;Cl. The point was earned for
a response that indicates the pH would remain the same, employing a mathematical and/or
conceptual justification that the mole ratio of buffer components is the same as in the first buffer
solution; therefore, the pH of the second solution is the same as the first solution.

Sample: 4A
Score: 4

This response earned 4 points. In part (a) the point was earned for correctly calculating the mass of
CH5NHs;Cl with supporting work. In part (b) the first point was earned for correctly indicating the
need to measure the mass of CH;NH;Cl using the electronic balance. The second point was earned
for first rinsing and then filling the buret with 0.100 M CH3;NH.. In part (c) the point was earned for
correctly claiming that the pH of the first buffer is equal to the pH of the second buffer with
supporting justification using the consistent 1:1 molar ratios of conjugate acid to base.

Sample: 4B
Score: 3

This response earned 3 points. In part (a) the point was earned for correctly calculating the mass of
CHsNH;CI with supporting work. In part (b) the first point was earned for correctly indicating the
need to measure the mass of CH;NH;Cl using the electronic balance. The second point was earned

© 2023 College Board.
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AP® Chemistry 2023 Scoring Commentary

Question 4 (continued)

for both rinsing and filling the buret with 0.100 M CHsNH.. In part (c) the point was not earned
because the response incorrectly states that the pH of the second buffer is less than the pH of the
first buffer.

Sample: 4C
Score: 1

This response earned 1 point. In part (a) the point was not earned. Even though the correct mass of
CH5NHS;Cl is provided, insufficient supportive work is shown to justify the calculation. In part (b) the
first point was not earned because the response does not include the equipment needed to measure
the mass of CH3NH;Cl (electronic balance). The second point was not earned because the buret is
not first rinsed with CH;NH; before being filled. In part (c) the point was earned for correctly
claiming that the pH of the first buffer is equal to the pH of the second buffer with supporting
justification using the consistent ratios of conjugate acid to base.

© 2023 College Board.
Visit College Board on the web: collegeboard.org.
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