Name: ( ) AP Chemistry: 2025

1. Answer the following questions about magnesium.

A. An incomplete mass spectrum for magnesium is shown in the diagram.
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The percent abundance of magnesium-24 is 79%. The percent abundances of the other two
natural isotopes of magnesium, magnesium-25 and magnesium-26, are approximately equal.

i. Complete the mass spectrum in part A by drawing thick lines in the appropriate locations
to represent the percent abundance of magnesium-25 and magnesium-26.

ii. Describe the difference in atomic structure that accounts for the difference in mass
between magnesium-25 and magnesium-26.
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A student prepares a 1.85x10° M solution of Mg(NOs),(aq) in beaker 1 and a 2.80x10™% M
solution of NaOH (ag) in beaker 2, as shown.
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B. The particle diagram shown represents a magnesium ion, Mg?*, in beaker 1. A sodium

ion, Na*, in beaker 2 has a weaker attraction to water than the Mg*" does. Explain this
phenomenon using Coulomb’s law and each of the following.

i. The relative charge of the ions
ii. The relative radii of the ions
C. Calculate the pH of the solution in beaker 2.
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D. A student combines 35.00 mL of 1.85x10 > M Mg(NOs3)s(aq) with 50.00 mL of

2.80x10"* M NaOH (aq), as shown in the diagram. Calculate [Mg2+] after the two solutions are
combined but before any reaction takes place. (Assume that volumes are additive.)

35.00 mL 50.00 mL
1.85x 1073 M 2.80x 1074 M
Mg(NO3),(aq) NaOH(aq)

Beaker 1 Beaker 2

Beaker 3

E. The dissolution of magnesium hydroxide is represented by the following equation.
Mg(OH)y(s) = Mg* (ag) + 2 OH (aq) K, = 5.61x107"
i. Write the expression for the solubility product constant, K,.
ii. After the two solutions are combined in beaker 3 as described in part D, but before any

reaction takes place, [OH_] =1.65x10"* M. Using your answer to part D, calculate the
value of the reaction quotient, Q.

iii. Using the reaction quotient, Q, predict whether a precipitate should form as the mixture
in beaker 3 approaches equilibrium. Justify your answer.
F. In a separate experiment, the student adds HNO3(aq) to decrease the pH of a saturated

solution containing undissolved Mg(OH),(s). Does the amount of undissolved Mg (OH),(s)
increase, decrease, or remain the same as the HNO3(aq) is added? Justify your answer.



Name: ( ) AP Chemistry: 2022

. A student wants to determine the concentration of permanganate, MnO, (agq), in a solution. The student plans to
use colorimetric analysis because solutions containing MnO, (ag) have a purple color.
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(a) To determine the optimum wavelength for an experiment that measures the concentration of MnO, (aq), the
student takes a sample of the solution and measures the amount of light absorbed by the sample over a range of
wavelengths. The data are plotted in the graph shown. Identify the optimum wavelength that the student should
use for the experimental procedure.

(b) The student uses a stock solution of 2.40 X 1073 M KMnOjy(aq) to prepare the standard solutions of

MnO, " (aq) that are needed to construct a calibration curve.

(i) The student uses a 100.0 mL graduated cylinder to measure a certain volume of KMnOy(aq) stock
solution, as shown in the diagram given. What volume should the student record?

(i1) Calculate the volume, in mL, of 2.40 X 103 M KMnOj,(aq) that is required to produce 100.0 mL of
a standard 1.68 x 107> M MnO, (aq) solution.

GO ON TO THE NEXT PAGE.
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The student designs the following procedure to produce a calibration curve.

Step 1: Prepare several standard solutions that have known MnO, (aq) concentrations by dilution of the

stock solution.

Step 2: Rinse the cuvette with distilled water.
Step 3: Rinse the cuvette with the standard solution and fill the cuvette with the standard solution.
Step 4: Measure the absorbance of the standard solution with the colorimeter.

Step 5: Repeat steps 2-4 for each of the standard solutions.

The data are plotted in the calibration curve shown. One of the data points (indicated with an arrow) on the
calibration curve is below the line of best fit.
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(c) Assuming that all lab equipment is functioning properly, identify which one of the procedural steps the student
could have executed incorrectly that would explain why the marked data point is below the line of best fit.

Justify your answer.

GO ON TO THE NEXT PAGE.
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3. A student is given 50.0 mL of a solution of Na,CO; of unknown concentration. To determine the concentration
of the solution, the student mixes the solution with excess 1.0 M Ca(NO;),(aq), causing a precipitate to form.
The balanced equation for the reaction is shown below.

Na,CO;(aq) + Ca(NO;),(ag) — 2 NaNO;(ag) + CaCOs(s)
(a) Write the net ionic equation for the reaction that occurs when the solutions of Na,CO; and Ca(NO;), are
mixed.

(b) The diagram below is incomplete. Draw in the species needed to accurately represent the major ionic species
remaining in the solution after the reaction has been completed.

Solid CaCO,

The student filters and dries the precipitate of CaCO; (molar mass 100.1 g/mol) and records the data in the table
below.

Volume of Na,COj; solution 50.0 mL

Volume of 1.0 M Ca(NO;), added 100.0 mL

Mass of CaCO; precipitate collected 093¢

(c) Determine the number of moles of Na,COj; in the original 50.0 mL of solution.

(d) The student realizes that the precipitate was not completely dried and claims that as a result, the
calculated Na,CO; molarity is too low. Do you agree with the student’s claim? Justify your answer.

(e) After the precipitate forms and is filtered, the liquid that passed through the filter is tested to see if it can
conduct electricity. What would be observed? Justify your answer.
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The student decides to determine the molarity of the same Na,CO; solution using a second method. When

Na,CO; is dissolved in water, CO32_(aq) hydrolyzes to form HCO5 (ag), as shown by the following equation.

_ [HCO; J[OH"] _

o 2.1x 107
[CO;°7]

CO32‘(aq) +H,0() & HCO; (aq) + OH (aq) K,
(f) The student decides to first determine [OH™] in the solution, then use that result to calculate the initial
concentration of CO32_(aq).

(i) Identify a laboratory method (not titration) that the student could use to collect data to determine [OH™]
in the solution.

(i) Explain how the student could use the measured value in part (f)(i) to calculate the initial concentration
of CO32_(aq). (Do not do any numerical calculations.)

(g) In the original Na,COj; solution at equilibrium, is the concentration of HCO; (ag) greater than, less than, or

equal to the concentration of CO;>(aq) ? Justify your answer.

(h) The student needs to make a CO;>"/HCO;~ buffer. Is the Na,COj; solution suitable for making a buffer
with a pH of 6? Explain why or why not.



