Water in a Hydrate

Many compounds appear to be dry, but when they are heated, large amounts of water are released.  The water molecules are part of the crystalline structure and are weakly bonded to the ions or molecules that make up the compound.  Such compounds are known as hydrates, meaning that they contain water.  The solid that remains when the water is removed, is referred to as the anhydrous salt, or anhydrate.

Hydrate  +  heat  ( anhydrate  +  water


Usually the amount of water present in a hydrate is in a whole number mole ratio to the moles of anhydrate.  An example is magnesium sulfate heptahydrate, MgSO4 ( 7H2O.  This formula indicates that seven moles of water are combined with one mole of magnesium sulfate in the crystalline form.

Pre-lab

1. Define: (a) hydrate; (b) anhydrous salt or anhydrate.

2. What is the relationship between the mass of the hydrate and the mass of the anhydrate + water?

3. The formula for calcium sulfate dihydrate is CaSO4 ( 2H2O.  What is the mole ratio of water to the calcium sulfate?

4. Calculate the molar mass of CaSO4 ( 2H2O. (Hint: CaSO4 + 2H2O)

5. Calculate the mass of the water in CaSO4 ( 2H2O.

6. Calculate the percent mass of water in CaSO4 ( 2H2O.

In this investigation you will determine the percent water in an unknown hydrate.  To do this you must: 

· Develop a procedure to determine the mass of water driven off when a known mass of the hydrate is heated.

· Create a table to record the necessary data.

Requirements for your procedure:

· Heat the evaporating dish before placing any substance in it.

· Allow the evaporating dish to cool for a couple of minutes before measuring its mass after heating.

· Measure the mass of the anhydrous salt immediately after cooling for about 2 minutes.

· Continue to heat your hydrate until you are SURE that ALL of the water has been driven off; that is, until you reach a constant mass.  Make sure you include places for these measurements in your data table.

Data Analysis 

1. Calculate the mass of the hydrate you started with.

2. Calculate the mass of water lost.

3. Calculate the percent of water in the hydrate.

4. Calculate the moles of water lost.

5. Calculate the mass of the anhydrous salt left.

6. Based on the molar mass of the anhydrous salt that is given, calculate the moles of anhydrous salt.

7. Determine the smallest whole number ratio of moles of anhydrous salt to moles of water by dividing each by whichever moles are the smaller.

8. Write the formula for the hydrate.

9. Compare your results with other members of your class.  Are there differences?  What reasons could account for these differences.

Critical Thinking

1. Explain what effect the following errors would have on the value of the percent water in the hydrate.

a. The hydrate was not heated long enough to drive off all of the water.

b. A damp evaporating dish was used, and it was not dried before adding the hydrate.

2. Predict what would happen if you added a few drops of water to the anhydrous salt remaining at the end of this experiment.

3. Dessicating agents are found in some optical equipment packages as well as some food products.  What are dessicating agents? What substances are used for this purpose?
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