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AP® Chemistry 2021 Scoring Guidelines

Question 3: Long Answer 10 points

(@)

For the correct balanced equation (state symbols not required): 1 point

Ba’*(aq)+S0,” (aq) — BaSO,(s)

(b) For the correct calculated value of the mass of precipitate (may be implicit): 1 point
1.136 g—-0.764 g=0.372 g BaSO,
For the correct calculated value of the number of moles, consistent with mass of precipitate: 1 point
1 mol
0.372 g x—— =0.00159 mol
23339 ¢
Total for part (b) 2 points
() For the correct calculated value, consistent with part (b): 1 point
1 mol CuSO
0.00159 mol BaSO, x ——>- =" _ 00159 mol CuSO,
1 mol BaSO,
0.00159 mol CuSO
UM 0.0318 M CuSO, (0.0319 M if decimals are carried)
0.0500 L
(d) For the correct calculated value: 1 point
MV, =MV,
0.0500 M )(50.00 mL
y = { )(0-00mb) _ 55 6 .
(0.1000 M)
(e) For a correct technique to measure the volume of solution: 1 point
First, measure out the correct volume of 0.1000 M CuSOy solution with a 25.0 mL
volumetric pipet (graduated cylinder or buret is acceptable).
For a correct technique to dilute the solution to the final volume: 1 point
Transfer the 25.0 mL of solution to a 50.00 mL volumetric flask and dilute the solution with
water up to the 50.00 mL mark.
Total for part (e) 2 points
® For the correct value (between 0.032 M and 0.038 M): 1 point

Accept one of the following:

e y=mx= 0.63 xX=63x
0.1000
w2 J02M 6635
6.3 6.3

o Estimated value from the graph within the specified range.
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(®

For the correct answer: 1 point

The concentration will be less than that determined in part (f).

For a valid justification: 1 point

The additional water will decrease the concentration of CuSOy in the cuvette. Therefore,
there will be a decrease in absorbance (according to the Beer-Lambert law). This dilution
results in a lower estimated concentration of CuSOy.

Total for part (g) 2 points

Total for question 3 10 points
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Sample 3A 1 of 3

Bagihywmponumlﬂwaonmlspage.

3. A student is given the task of determining the molar concentration of a CuSO, solution using two different
procedures, precipitation and spectrophotometry.
For the precipitation experiment, the student adds 20.0 mL of 0,200 M Ba(NO;)z to 50.0 mL of the CuSO,(aq).
The reaction goes to completion, and a white precipitate forms. The student filters the precipitate and dries it
overnight. The data are given in the following table.

Mass of dry filter paper 0.764 g
Volume of CuSO,(ag) - |500 mL
Volume of 0.200 M Ba(NO3), 20.0 mL
Mass of filter paper and dried precipitate ~ |1.136 8

(a) Write a balanced net ionic equati ipitati ion.

T -
Bﬁf“l:)’ _1'1' '('o"byi & Q..QQ..‘G}

b) Calculate the number of moles of precipitate formed.

U _.\mty,-o:m_) BasOy /) ol B8O\ _

— 6&&6

Y

(c) Calculate the molarity of the original CuSO, solution.
0.0051% s Lu$0,— 0.00184 woles [ u(O,

0.001$% s ¢, ¢o
0.050 L c,w: - P‘@ g M (o504,
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Sample 3A 2 of 3

Continue your response to QUESTION 3 on this page.

For the spectrophotometry experiment, the student first makes a standard curve. The student uses a 0.1000 M

solution of CuSOy(ag) to make three more solutions of known concentration (0.0500 M, 0.0300 M, and
0.0100 M) in 50.00 mL volumetric flasks.

(d) Calculate the volume of 0.1000 M CuSOy(ag) needed to make 50.00 mL of 0.0500 M CuSOy(aq).

Y x nl 01000 A (.50, = SO00.L*0.0500 M (.50

v m\f’iiZS-@f mLi o

(e) Briefly describe the procedure the student should follow to make 50.00 mL of 0.0500 M CuSO,(aq) using

0.1000 M CuSOy4(aq), a 50.00 mL volumetric flask, and other standard laboratory equipment. Assume that all
appropriate safety precautions will be taken.

U""j » Sfud-to&!ﬂ\ c\:)h"t'lu/‘]'\"/ student ¢ hould Weogur o
260 b o 0000 M (.40, (q}.HL o sk ghould 1h
pe this 1ato e velumurec Llagh s NCNJ*\{ gi-dc.lm-
;\m..\}« W\lj =\ -p o ve_‘mtﬂ‘-t, Hloack  +o Fhe
CO00 m\, mark, Vi t‘)@uhm\ vorel, '*4""65 N Pz‘oe‘(*t
hwwo\s rle E,M\ +o -?;Mw‘b "“’m‘(j}f ﬂﬂ"g,—ﬁ‘&“‘-"ﬁ&%dd
b gedy seiclig sk Floske o make twt W coluren
% gieﬁ\j w'r.,.gl_
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Sample 3A 3 of 3

Continue your response to QUESTION 3 on this page.

The standard curve is given below.
. 0.800

0.600 -

0.400 -

o

Absorbance

0
0 0.0200 0.0400 0.0600 0.0800 0.1000
Concentration (M)

(f) The absorbance of the CuSO, solution of unknown concentration is 0.219. Determine the molarity of the
solution.

(g) A second student performs the same experiment. There are a few drops of water in the cuvette before the
second student adds the CuSOy(aq) solution of unknown concentration. Will this result in a CuSO4(aq)
ooncentratmnfordieunknownthaussrewm less than, wequalmlheconeenmondetummdm
part (f) ? Justify your answer.

Less Yan, The (ut0 h (o> ‘o"‘*HM’L o the  cavettt Wil be

lﬁhr\ a\l% d‘“‘*'ﬂ i a our *ﬁsorbuﬂce 3: |w‘iw»
Concentiation O\f.‘trd\iﬂ‘ ‘HV'GL-& P@r‘r F
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Sample 3B 1 of 3

Begin your response to QUESTION 3 on this page.

3. A student is given the task of determining the molar concentration of a CuSO, solution using two different
procedures, precipitation and spectrophotometry.
For the precipitation experiment, the student adds 20.0 mL of 0.200 M Ba(NO3), to 50.0 mL of the CuSO4(aq).
_ The reaction goes to completion, and a white precipitate forms. The student filters the precipitate and dries it
overnight. The data are given in the following table.

Mass of dry filter paper 0.764 g
Volume of CuSO,(aq) 50.0 mL
Volume of 0.200 M Ba(NO;), 20.0 mL
Mass of filter paper and dried precipitate  |1.136 8

(a) Write a balanced net ionic equation for the precipitation reaction,
Polt + S04 = Basoy

(b) Calculate the number of moles of precipitate formed.

.
= ‘1Ui‘\ﬂ ‘ Y Y
-‘b_\'],% %QSOq - ‘NQ\EQ%DH = mf'“o_-s ol MSOHX

(c) Calculate the molarity of the original CuSO, solution.

5996 > met BaS0y - :‘“""Q"%""‘ = LSa WO ma CuSoy
™o\ RasSoy VOB L
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Sample 3B 2 of 3

Continue your response to QUESTION 3 on this page.

For the spectrophotometry experiment, the student first makes a standard curve. The student uses a 0.1000 M
solution of CuSOy(aq) to make three more solutions of known concentration (0.0500 M, 0.0300 M, and
0.0100 M) in 50.00 mL volumetric flasks.

(d) Calculate the volume of 0.1000 M CuSO,(ag) needed to make 50.00 mL of 0.0500 M CuSO,(ag).

(AMI(V): (BomL)(on )

rl"'a mL =V \

4 (e) Briefly describe the procedure the student should follow to make 50.00 mL of 0.0500 M CuSOy(aq) using
0.1000 M CuSOy(aq), a 5}.90'!11!.. volumetric flask, and gther standard laboratory equipment. Assume that all
appropriate safety precautions will be taken.

The studert stould  teasuve 25w o€ dianiled wakty
N a gvadvared  cywnder. Then - add & touple mb o€

Wakey ¥ & BomL beakyy , Then add the M o
e veakev  Eollpw by the vect 0F +he dwkled

WOty | &N0 SWwWl e " colonen. Thit  will 1Mmake Somb
°F <o%M  Cusey,
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Sample 3B 3 of 3

Continue your response to QUESTION 3 on this page.

The standard curve is given below.
0.800

0.600 —

0.400 -
g 2
s

0.200
1/

0 .
0 0.0200 0.0400 0.0600 0.0800 0.1000

v Concentration (M)

(f) The absorbance of the CuSO, solution of unknown concentration is 0.219. Determine the molarity of the
solution.

The concenhation . \S Qbouvr  , pay ™.

(g) A second student performs the same experiment. There are a few drops of water in the cuvette before the
second student adds the CuSOy(aq) solution of unknown concentration. Will this result in a CuSOy(aq)
concentration for the unknown that is greater than, less than, or equal to the concentration determined in
part (f) ? Justify your answer. | € Comcentyafion ww ee et ran

e concetnrvanon (C)) vn €2 Thig \S& weeaose Xt
OAdtd dveps OF oty il AW'HA e - Sowonon | Whihy
Wil allbw  Ynove Waht fo g5 TrVouqn e Cuvverre,

™S § Mae obsorbance | wimeln W\ devease e

L Wecasse Yheve avt e goame amwount of
WMolkes \n  a \or qex volumne,
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Sample 3C 1 of 3

Begin your response to QUESTION 3 on this page.

3. A student is given the task of determining the molar concentration of a CuSOj solution using two different
procedures, precipitation and spectrophotometry.
For the precipitation experiment, the student adds 20,0 mL of 0.200 M Ba( NO3), to 50.0 mL of the CuSOy(aq).
The reaction goes to completion, and a white precipitate forms, The student filters the precipitate and dries it
overnight. The data are given in the following table,

Mass of dry filter paper 0.764 g
Volume of CuSO,(aq) 50.0 mL
Volume of 0,200 M Ba(NO;)z 20.0 mL
Mass of filter paper and dried precipitate 1.136 g

pa (NO=)2  Cy SO4
(a) Write a balanced net ionic equation for the precipitation reaction.

pa + S04 —> BaSOu(<)

(b) Calculate the number of moles of precipitate formed.
126 g - 0Tt g - 0.%232 9

03129 L mel EMS‘UUD 1,594 2107 mol PBa SOy
23% 39 9

(c) Calculate the molarity of the original CuSO, solution.
k"\u\/]l = N‘n\fl

0-200 M ( 0.0200L) " M (‘0-0‘?@3‘*3

M:: (0,200 (0-010'03
it v
o.0SUL

B:00 x 100" M CuSOu

Unauthorized copying or reuse of this page s iegal. Page 9 GO ON TO THE NEXT PAGE.




Sample 3C 2 of 3

Continue your response to QUESTION 3 on this page.

For the spectrophotometry experiment, the student first makes a standard curve. The student uses a 0.1000 M
solution of CuSOy(aq) to make three more solutions of known concentration (0.0500 M, 0.0300 M, and
0.0100 M) in 50.00 mL volumetric flasks.

(d) Caiculate the volume of 0.1000 M CuSO4(aq) needed to maké, 50,00 mL of 0.0500 M CuSOy(aq).

M. Vi: MaVe
0. 1000M (V) : 0.0500M (0.050% L)

V> 0.0250L CySOy

(e) Briefly describe the procedure the student should follow to make 50.00 mL of 0.0500 M CuSOy(aq) using
0.1000 M CuSOy(aq), aSOOOnLvolummﬂnsk.mdothcrstmdardhbomaryeqmpmt Assume that all

appropriate safety precautions will be taken.

l. falculake the ament of Cu Oy reaured

2. Measwe the volume dF CvS0M  using
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Sample 3C 3 of 3

Continue your response to QUESTION 3 on this page.

The standard curve is given below.

0.800

0.600 -

0.400 ‘ //
0.200 /

]

|

0
0 0.0200 / 0.0400 0.0600 0.0800 0.1000
(S;gncenu'aﬁon (M)

0:03
(f) The absorbance of the CuSO, solution of unknown concentration is 0.219. Determine the molarity of the
solution.

(Cugov] * 0.02500M

(g) A second student performs the same experiment. There are a few drops of water in the cuvette before the
second student adds the CuSOj(aq) solution of unknown concentration. Will this result in a CuSQy(aq)
concentration for the unknown that is greater than, less than, or equal to the concentration determined in
part (f) 7 Justify your answer.

Lest, The wattr will diluk the CuS0u4(aq) solvhion, thw

the absorbanc wWill bt Jess | and the measwed conantrat-
M Wil ke 1ess than the wnuntymhon determmaed 1h
pary .

Unauthorized copying or reuse of this page is iliagal. Page 11 GO ON TO THE NEXT PAGE.




AP® Chemistry 2021 Scoring Commentary

Question 3
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

Question 3 illustrates two different methods for determining the concentration of CuSQO, in an aqueous solution:
gravimetric analysis and spectrophotometry. The student begins in part (a) by providing the net ionic equation
for the precipitation of BaSO, (TRA-1.B, 5.E) followed by calculating the number of moles of precipitate that
formed, based upon a data table. Part (b) is worth two points: the first for calculating the mass of the precipitate
(SPQ-1.A, 5.F) and the second for calculating the number of moles of BaSO, (SPQ-4.A, 5.F). This information is
used in part (c) to calculate the molarity of the original CuSQO, solution (SPQ-3.A, 5.F).

The spectrophotometry experiment begins with the creation of a calibration curve using samples of CuSO4(aq) of
known concentration that are created by diluting a stock solution. The volume of stock solution required to reach
a target volume and concentration is calculated in part (d) (SPQ-3.A, 5.F), and then in part (e) the student writes a
brief experimental procedure for preparing that solution (two points; both SPQ-3.4, 2.C). The calibration curve is
shown in a graph and then used in part (f) to determine the concentration of a solution of CuSO,4 based upon its
absorbance (SAP-8.C, 5.D). Part (g) is a two-point question about the effect of residual water inside the cuvette;
the first point is awarded for predicting that the measured concentration will be less than the actual concentration
(SAP-8.C, 6.A) and the second point is for a valid justification (SAP-8.C, 6.G).

Sample: 3A
Score: 10

This response earned 10 points. In part (a) 1 point was earned for the correct net ionic equation. Part (b) earned
2 points; the first point was earned for the correct use of values from the data table to calculate the mass of the
precipitate and the second point was earned for the correct number of moles of precipitate reported to the
correct number of significant digits. Part (c) earned 1 point for calculating the correct molarity. Part (d) earned
1 point for calculating the correct volume for the dilution. Part (e) earned 2 points; the first point was earned for
correctly measuring the volume using a graduated cylinder and the second point was earned for adding
distilled water to the 50.0 mL mark on the volumetric flask. Part (f) earned 1 point for giving a concentration
within the acceptable range. Part (g) earned 2 points; the first point was earned for the claim “Less than” and
the second point was earned for a valid justification.

Sample: 3B
Score: 8

This response earned 8 points. In part (a) 1 point was earned for the correct net ionic equation. Part (b) earned
2 points; the first point was earned for the correct use of values from the data table to calculate the mass of the
precipitate and the second point was earned for the correct moles of precipitate reported to the correct number
of significant digits. Part (c) earned 1 point for the correct molarity. Part (d) earned 1 point for the correct
volume for the dilution (significant figures were not assessed on this part). Part (e) earned 0 points; the first
point was not earned because 25 mL of water (instead of the solution) is measured with a graduated cylinder
and the second point was not earned because the solution and more water are added to the 50 mL beaker
instead of to the volumetric flask. Part (f) earned 1 point for giving a concentration within the acceptable range.
Part (g) earned 2 points; the first point was earned for the claim “less than” and the second point was earned
for a valid justification.

© 2021 College Board.
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AP® Chemistry 2021 Scoring Commentary

Question 3 (continued)

Sample: 3C
Score: 6

This response earned 6 points. Part (a) earned 0 points because the charges are not included on the ions in the
net ionic equation. Part (b) earned 2 points; the first point was earned for the correct use of values from the
data table to calculate the mass of the precipitate and the second point was earned for the correct number of
moles of precipitate reported to the correct number of significant digits. Part (c) earned 0 points for incorrectly
using the volume and concentration of barium nitrate (the excess reagent) to calculate molarity. Part (d) earned
1 point for the correct volume for the dilution. Part (e) earned 0 points; the first point was not earned because
an appropriate measuring instrument is not chosen, and the second point was not addressed. Part (f) earned 1
point for giving a concentration within the acceptable range. Part (g) earned 2 points; the first point was earned
for the claim “Less” and the second point was earned for a valid justification.
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