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Objective:    To study the properties of hydrates and determine the amount of water in a hydrated compound.

Apparatus
balance, Bunsen burner, small test tubes, crucible and cover, evaporating dish, clay triangle, tongs, goggles

Chemicals

hydrated compounds of cobalt (II) chloride, copper sulfate, potassium aluminum disulfate (alum), disodium carbonate

Introduction

Most solid chemical compounds will contain some water if they are exposed to the atmosphere.  Some compounds contain larger amounts of water that is chemically bound to the crystal.  This water is called water of hydration and is usually bound to the cations in the salt.  The water molecules in a hydrate are removed easily by heating to a temperature above the boiling point of water.  This often results in a color change for some compounds.  Some hydrates, such as CoCl2, lose water to the air in a process called efflorescence.  Other hydrates can absorb water from the air or other sources so strongly that they can be used to dry liquids or gases.  These substances are called desiccants, and are said to be hygroscopic.  Some compounds, such as NaOH, can take up so much water from the air that they dissolve in the water they absorb.  This process is called deliquescence.  Hydrated compounds that have lost all of their water are said to be anhydrous.

Procedures
Part A 
Identification of Hydrates
1.  Place about 0.2 g of each of the following compounds in a small, dry test tube, one compound  to a tube:

cobalt (II) chloride, potassium aluminum disulfate, and disodium carbonate.

2.  As you heat gently, observe the behavior of each compound.  Look for droplets of water on the side of the test tube, and indication that the compound is a hydrate.

3.  Let the test tube cool, then try to dissolve the compound in a few mL of water, warming gently if necessary.  Look for color changes.

Part B

Reversibility of Hydration

1.  Gently heat a few crystals (~0.3 g) of hydrated cobalt (II) chloride in an evaporating dish until the color change appears to be complete.

2.  Dissolve the residue in the evaporating dish in a few mL of water.

3.  Heat the resulting solution to boiling and carefully boil to dryness.  Note any color changes.

Part C

Per Cent water in a Hydrate

1.  Clean a porcelain crucible and cover, then mass to 0.001 grams.

2.  Obtain approximately 1 g of copper (II) sulfate crystal, add it to the crucible, then mass the crucible, cover, and crystal to 0.001 g.

3.  Place the crucible on the clay triangle with the cover off-center and heat with a burner flame, gently at first, and then to redness for about 10 minutes.

4.  Allow the crucible to cool to the touch, then mass to 0.001 g.

Analysis

1.  Describe several ways a hydrate may be identified, discussing their characteristics in full.

2.  Calculate the percentage of water in your copper (II) sulfate crystal, then share your results with others in the lab.  Calculate an “average” percent, then compare to the theoretical percent mass.

3.  Determine the number of moles of water per mole of hydrated copper (II) sulfate.  Write the formula for hydrated copper (II) sulfate based on your calculations.

4.  Write the formula for several hydrated compounds.

