
Solubility Patterns in the Periodic Table 
Introduction 

The alkaline earth metals are so-named because their oxides are highly basic (alkaline) and because they occur abundantly   on 
Earth. Alkaline earth metal compounds—carbonates, sulfates, silicates—are abundant in minerals such as dolomite (calcium and 
magnesium carbonate), epsomite (magnesium sulfate), and baryte (barium sulfate). The solubilities of these compounds vary 
widely, depending on the metal cation. Are there any patterns or periodic trends in the solubility behavior of alkaline earth metal 
compounds? 

 Research Question:   Is it possible to predict the solubility of a compound based on where its elements are located on the 
periodic table? 

Hypothesis: ??? 
 
Materials 

Alkaline earth metal chlorides Testing Solutions 

Barium chloride solution, 0.1 M, BaCl2, Ammonium oxalate solution, 0.25 M, (NH4)2C2O4, 

Calcium chloride solution, 0.1 M, CaCl2, Potassium iodate solution, 0.2 M, KIO3,  

 Magnesium chloride solution, 0.1 M, MgCl2, Sodium carbonate solution, 1 M, Na2CO3,  

Strontium chloride solution, 0.1 M, SrCl2, Sodium sulfate solution, 1 M, Na2SO4,  

Reaction plate, 24-well 
 
Safety Precautions 

Potassium iodate is moderately toxic and is irritating to skin, eyes, and the respiratory tract. Strontium and barium com- 
pounds are toxic by ingestion. Oxalates are toxic by ingestion and are irritating to body tissues. Avoid contact of all chemicals with 
eyes and skin. Wear chemical splash goggles and chemical-resistant gloves and apron. Please review current Material Safety Data 
Sheets for additional safety, handling, and disposal information. Wash hands thoroughly with soap and water before leaving the 
laboratory. 

 
Procedure 

1. Place a 24-well reaction plate onto the table. Label each well where the letters A–D refer to horizontal rows and the num- 
bers 1–6 refer to vertical columns. 

2. Get a Solubility Patterns Worksheet. Instruct students to fill out the top part of the Demonstration Worksheet with 
observations of what is occuring in the reaction wells during the demonstration. Have them use the abbreviation PPT and 
NR to note the formation of a precipitate or no reaction, respectively. 

3. Identify each horizontal row with the correct alkaline earth metal chloride and each vertical column with the correct testing 
solution. 
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4. Add 1 mL (about 25 drops or fill the well about 1⁄4 inch or 0.5 cm deep) of an alkaline earth metal chloride solution to each 
well in a horizontal row, as follows (see Figure 1): IO –     SO 2–   C O 2–   CO 2–   control 

• magnesium chloride to wells A1–A5 
• calcium chloride to wells B1–B5 
• strontium chloride to wells C1–C5 
• barium chloride to wells D1–D5 

5. Add 1 mL (about 25 drops) of testing solution to each 
well in a vertical column, as follows (see Figure 1): 

• potassium iodate to wells A1–D1 
• sodium sulfate to wells A2–D2 
• ammonium oxalate to wells A3–D3 
• sodium carbonate to wells A4–D4 
Note:  The fifth column serves as a control 
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to identify the absence of a precipitate. Figure 1.  Demonstration Setup 

6. Students may now fill out the rest of the Solubility Patterns Worksheet and the Net Ionic Equation Worksheet. 

Disposal 
Please use the disposal containers in the lab. 

Discussion 
Periodic trends are observed in the solubility of alkaline earth metal compounds. Although their chlorides and nitrates are all 

water-soluble, alkaline earth metal compounds with other anions do not always dissolve in water. The solubility of alkaline earth 
metal compounds with different anions is tested by carrying out double replacement reactions. Reaction of calcium chloride with 
sodium carbonate, for example, leads to an exchange of anions between the two metals to give calcium carbonate, which is rela- 
tively insoluble in water and precipitates out as a solid when the two solutions are mixed. The chemical equation for this reaction 
is given in Equation 1, where the abbreviations (aq) and (s) refer to aqueous solutions and solid precipitates, respectively. 

 

CaCl2(aq) + Na2CO3(aq) → CaCO3(s) + 2NaCl(aq) Equation 1 
calcium chloride sodium carbonate  calcium carbonate sodium chloride  

The solubility pattern observed for alkaline earth metal compounds is shown below. The solubility of alkaline earth metal 
compounds decreases as you go down the column in the periodic table, i.e., solubility decreases as the atomic mass of the alkaline 
earth metal increases. 
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Solubility Patterns Worksheet 
IO3 SO4 C2O4 CO3 control 

 
MgCl2 

 
 

CaCl2 
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Figure 1.  Demonstration Setup 

 
1. Observe the reactions that develop in the reaction plate and record the results in the table of circles. Use the abbreviations 

PPT and NR to note the formation of a precipitate or no reaction, respectively. 

2. What patterns or trends are obvious in the solubility behavior of the alkaline earth metal compounds? 

a. Which alkaline earth metal ion formed the most precipitates? 

b. The fewest? 

c. Which testing solution gave the most precipitates? 

d. The fewest? 

3. Identify any periodic trend in the solubility behavior of alkaline earth metal compounds. Is there any relationship between 
the solubility of alkaline earth metal compounds and the position of the metal in the periodic table? 

 
 
 
 

4. Propose an explanation for the observed solubility pattern. 
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