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Question 3: Long Answer
(a)

10 points
1 point

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

Ba 2+ (aq ) + SO 4 2− (aq ) → BaSO 4 ( s )
(b)

1 point

For the correct calculated value of the mass of precipitate (may be implicit):

1.136 g − 0.764 g =
0.372 g BaSO 4
For the correct calculated value of the number of moles, consistent with mass of precipitate:

0.372 g ×

1 mol
=
0.00159 mol
233.39 g
Total for part (b)

(c)

1 point

1 point

For the correct calculated value, consistent with part (b):

0.00159 mol BaSO 4 ×

2 points

1 mol CuSO 4
0.00159 mol CuSO 4
=
1 mol BaSO 4

0.00159 mol CuSO 4
= 0.0318 M CuSO 4 (0.0319 M if decimals are carried)
0.0500 L
(d)

1 point

For the correct calculated value:

M 1V1 = M 2V2
(0.0500 M )(50.00 mL)
= 25.0 mL
(0.1000 M )

=
V1
(e)

1 point

For a correct technique to measure the volume of solution:
First, measure out the correct volume of 0.1000 M CuSO4 solution with a 25.0 mL
volumetric pipet (graduated cylinder or buret is acceptable).

1 point

For a correct technique to dilute the solution to the final volume:
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)
(f)

For the correct value (between 0.032 M and 0.038 M):

2 points
1 point

Accept one of the following:
•

•

0.63
=
x 6.3 x
0.1000
y 0.219 M
=
x =
= 0.035 M
6.3
6.3
=
y mx
=

Estimated value from the graph within the specified range.
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(g)

1 point

For the correct answer:
The concentration will be less than that determined in part (f).

1 point

For a valid justification:
The additional water will decrease the concentration of CuSO4 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 CuSO4.
Total for part (g)
Total for question 3

2 points
10 points

© 2021 College Board

6DPSOH$RI

6DPSOH$RI

6DPSOH$RI

6DPSOH%RI

6DPSOH%RI

6DPSOH%RI

6DPSOH&RI

6DPSOH&RI

6DPSOH&RI

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 CuSO4 in an aqueous solution:
gravimetric analysis and spectrophotometry. The student begins in part (a) by providing the net ionic equation
for the precipitation of BaSO4 (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 BaSO4 (SPQ-4.A, 5.F). This information is
used in part (c) to calculate the molarity of the original CuSO4 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.A, 2.C). The calibration curve is
shown in a graph and then used in part (f) to determine the concentration of a solution of CuSO4 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.
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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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