
Lab 1: Determining the Formula of a Hydrate 

Background: 

Hydrates are crystalline substances that contain water chemically bound in a definite ratio.  The formula 
of a hydrate is written to show the number of water molecules contained in the crystal for every 
formula unit of salt.  Hydrates’ formulae are represented using the formula of the anhydrous (non-
water) component of the complex followed by a dot then the water H2O preceded by a number 
corresponding to the ratio of H2O moles per mole of the anhydrous component present. For example, 
the formula CaCl2 • 2H2O indicates that for every one mole of calcium chloride, there are two moles of 
water.  Hydrates are typically named by stating the name of the anhydrous component followed by the 
Greek prefix specifying the number of moles of water present then the word hydrate  
(example: MgSO4 •7H2O: magnesium sulfate heptahydrate). 
 
When hydrates are heated, the water in the crystal is driven off in the form of steam.  The solid that 
remains is said to be anhydrous.  For some crystals, the hydrate and anhydrous forms of the substance 
are different colors. 

 
Any anhydrous compound from a hydrate generally has the following properties:  

 Highly soluble in water  

 When dissolved in water, the anhydrous compound will have a color similar to that of the 
original hydrate even if it had changed color going from the hydrate to the anhydrous 
compound. 

In this lab, you will determine the formula of the hydrate represented in the below equation (i.e. 

determine the value of x in the formula CuSO4 • xH2O). 
 

  CuSO4 • xH2O (s)    CuSO4(s)  +  xH2O(g) 
 
Pre-lab: 

1. Epsom salt is a hydrate with the formula MgSO4 • 7H2O.  Calculate the percentage of water 
in Epsom salt. 

2. A 3.91 g sample of potassium metal, when burned in oxygen, formed a compound 
weighing 7.11 g and containing only potassium and oxygen.  What is the percent 
composition (% by mass of each element in the compound) of this compound? 

 
Purpose: 
To explore the characteristics of hydrates and to determine the formula of a hydrate. 
 
Safety:  
Use caution when heating the crucible. Never lean over an open flame.  A hot crucible looks like a cold 
one, avoid direct contact with the crucible, clay triangle and ring stand until you are sure they are 
cooled.  Use crucible tongs when appropriate.  Safety goggles should be worn at all times. 

 
Materials: 
Crucible   Balance   Clay triangle   Ring 
Hydrated copper (II) sulfate Crucible tongs  Ring stand   Bunsen burner 



Procedure: 
1. Weigh a clean, dry crucible to the nearest 0.001 gram.  Record the mass in the data table. 
2. Weigh out between 2.500 and 3.500 grams of hydrated copper (II) sulfate in the crucible.  

Record the mass in the data table.  The actual amount of copper (II) sulfate is not critical, but 
knowing the exact mass is.   

3. Place the crucible and its contents on a clay triangle set on a ring clamped to a ring stand.  Heat 
the system gently for 5 to 8 minutes, being careful to avoid losses of solid by popping or 
spattering.  Then continue to heat the crucible more strongly for 5 more minutes, or until the 
contents are all gray-white.  Note and record any changes.  If you see any white “smoke” before 
the time is up, stop heating immediately. 

4. Allow the crucible and its contents to cool to room temperature. 
5. The residue is anhydrous (meaning “without water”) copper sulfate.  Find and record the mass 

of the room-temperature residue to the nearest 0.001 gram. 
6. When you complete weighing the residue, add a few drops of water, one at a time, to the 

crucible and observe the changes that take place. 
7. Add water to the crucible to dissolve most of the solid then dispose of the solution in the waste 

container. 
8. Wash your crucible and return all lab equipment. 
9. Wash your hands with soap and water. 

 
Calculations: 

1. Experimental percentage of water in the hydrate. 
2. Theoretical percentage of water in the hydrate, based on the molecular formula CuSO4 • 5H2O. 
3. Percent error. 
4. Formula of the hydrate based on experimental data. 

 
Post-lab: 

1. Write the formula and name of the hydrate studied in this lab. 
2. Write the balanced equation for the dehydration of the hydrate. 
3. Write the formula and describe the appearance of the anhydrous compound formed from the 

hydrate. 
4. Describe what you observed when water was added to the anhydrous compound. 
5. List two general properties of an anhydrous compound. 
6. A student performing this experiment heats the hydrate too strongly at the beginning causing 

some of the solid hydrate to fly out of the crucible.  What effect would this have on the 
calculated percentage of water in the compound?  Would the determined percentage of water 
be too high or too low?  Explain your reasoning. 

 
Summary: 
Briefly summarize the results of the lab, include the experimental percentage of water, theoretical 
percentage of water, percent error, and determined formula of the hydrate.  Discuss how the results 
relate to the purpose of the lab (i.e. hydrate formulas represent stoichiometric ratios of anhydrous 
compound to water).  Discuss possible sources of error.  Why is the experimental percentage of water 
higher or lower (pick whichever one applies to your results) than the theoretical?  For example, 
continued strong heating of hydrated copper (II) sulfate not only gets rid of the water, but can also begin 
to decompose it into the solid black copper (II) oxide and the colorless gas sulfur trioxide. 


