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1.	Answer the following questions about magnesium.
A.	An incomplete mass spectrum for magnesium is shown in the diagram.

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 . M1 85 10×  
3-  solution of ( ) ( )Mg NO aq3 2  in beaker 1 and a . M2 80 10×  

4-  
solution of ( )NaOH aq  in beaker 2, as shown.

B.	 The particle diagram shown represents a magnesium ion, Mg
2+ , in beaker 1. A sodium 

ion, Na
+ , in beaker 2 has a weaker attraction to water than the Mg

2+  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 . ( ) ( )Mg NOM aq1 85 10×   
3

3 2
-  with 50.00 mL of 

. ( )NaOHM aq2 80 10×   
4- , as shown in the diagram. Calculate Mg

2+8 B after the two solutions are 
combined but before any reaction takes place. (Assume that volumes are additive.)

E.	 The dissolution of magnesium hydroxide is represented by the following equation.
( ) ( ) ( ) ( ) .Mg OH Mg OHs aq aq K2 5 61 10     ×sp2

2 12E + =+ - -

i.	 Write the expression for the solubility product constant, Ksp .
ii.	 After the two solutions are combined in beaker 3 as described in part D, but before any 

reaction takes place, .OH M1 65 10×  
4=- -7 A . 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 ( )HNO aq3  to decrease the pH of a saturated 

solution containing undissolved ( ) ( )Mg OH s2 . Does the amount of undissolved ( ) ( )Mg OH s2  
increase, decrease, or remain the same as the ( )HNO aq3  is added? Justify your answer.
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Begin your response to QUESTION 6 on this page. 

 A student is studying the properties of CaSO4 and PbSO4. The student has samples of both compounds, which are 
white powders. 

(a) The student tests the electrical conductivity of each solid and observes that neither solid conducts
electricity. Describe the structures of the solids that account for their inability to conduct electricity.

The student places excess CaSO4(s ) in a beaker containing 100 mL of water and places excess PbSO4(s ) in 

another beaker containing 100 mL of water. The student stirs the contents of the beakers and then measures the 

electrical conductivity of the solution in each beaker. The student observes that the conductivity of the solution 

in the beaker containing the CaSO4(s ) is higher than the conductivity of the solution in the beaker containing 

the PbSO4(s ). 

(b) Which compound is more soluble in water, CaSO4(s ) or PbSO4(s ) ? Justify your answer based on the

results of the conductivity test.

GO ON TO THE NEXT PAGE. 

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box. 
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Continue your response to QUESTION 6 on this page. 

The left side of the diagram below shows a particulate representation of the contents of the beaker containing 

the CaSO4(s ) from the solution conductivity experiment. 

(c) Draw a particulate representation of PbSO4(s) and the ions dissolved in the solution in the beaker on the

right in the diagram. Draw the particles to look like those shown to the right of the beaker. Draw an

appropriate number of dissolved ions relative to the number of dissolved ions in the beaker on the left.

(d) The student attempts to increase the solubility of s CaSO4( ) by adding 10.0 mL of 2 M 4(H2SO  aq) to the

beaker, and observes that additional precipitate forms in the beaker. Explain this observation.

GO ON TO THE NEXT PAGE. 

Use a pencil or pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box. 
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M + I2  →  MI2 

3. To determine the molar mass of an unknown metal, M, a student reacts iodine with an excess of the metal to 
form the water-soluble compound MI2, as represented by the equation above. The reaction proceeds until all  
of the I2 is consumed. The MI2(aq) solution is quantitatively collected and heated to remove the water, and the 
product is dried and weighed to constant mass. The experimental steps are represented below, followed by a  
data table.  

(a) Given that the metal M is in excess, calculate the number of moles of I2 that reacted. 

(b) Calculate the molar mass of the unknown metal M. 

The student hypothesizes that the compound formed in the synthesis reaction is ionic. 

(c) Propose an experimental test the student could perform that could be used to support the hypothesis. Explain 
how the results of the test would support the hypothesis if the substance was ionic. 

Data for Unknown Metal Lab

Mass of beaker 125.457 g 

Mass of beaker  +  metal M 126.549 g 

Mass of beaker  +  metal M  +  I2 127.570 g 

Mass of MI2, first weighing 1.284 g 

Mass of MI2, second weighing 1.284 g 
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The student hypothesizes that Br2 will react with metal M more vigorously than I2  did because Br2 is a liquid 
at room temperature.  

(d) Explain why I2 is a solid at room temperature whereas Br2 is a liquid. Your explanation should clearly 
reference the types and relative strengths of the intermolecular forces present in each substance.

While cleaning up after the experiment, the student wishes to dispose of the unused solid I2 in a responsible 

manner. The student decides to convert the solid I2 to I−(aq) anion. The student has access to three solutions, 
H2O2(aq) , Na2S2O3(aq) , and Na2S4O6(aq) , and the standard reduction table shown below. 

Half reaction E° (V) 

S4O6
2−(aq) + 2 e−  →  2 S2O3

2−(aq) 0.08

I2(s) + 2 e−  →  2 I−(aq) 0.54 

O2(g) + 2 H+(aq) + 2 e−  →  H2O2(aq) 0.68  

  

(e) Which solution should the student add to I2(s) to reduce it to I−(aq)? Circle your answer below. Justify 
your answer, including a calculation of E° for the overall reaction.

H2O2(aq) Na2S2O3(aq) Na2S4O6(aq)  

(f) Write the balanced net-ionic equation for the reaction between I2 and the solution you selected in part (e). 
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