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The Mole Concept            EXPERIMENT 4C  
________________________________________________________________________ 
Formula of a Hydrate         
  
A hydrate is a compound that has a definite number of water molecules incorporated into its crystal 
structure. The crystals appear dry, but when these compounds are heated strongly, water is given 
off, leaving the anhydrous (without water) form of the compound. Usually the number of moles of 
water present in a hydrate is in a whole-number ratio to the moles of the anhydrous salt. One 
common example of a substance that forms a hydrate is calcium chloride, 2CaCl . The formula of its 
hydrate is OHCaCl 22 6•  and it is named calcium chloride hexahydrate. This formula indicates that 
six moles of water are bound to one mole of the calcium chloride. In this case the color of the 
hydrate and the anhydrous salt are the same, but many hydrates undergo a color change when the 
water is driven off. Granules of anhydrous calcium chloride are often used to take moisture out of 
the air of damp rooms by forming the hydrate. Chemical drying agents such as calcium chloride are 
called desiccants. There may be a desiccator in your laboratory which is a large glass jar with lid, in 
which chemicals are kept dry in the presence of anhydrous calcium chloride. Depending on the 
humidity in your area, your instructor may want you to use one in this experiment as a place to 
allow the crucible to cool.  

You may have heard the term carbohydrate. This name was given to a class of organic 
compounds having the general formula yx OHC )( 2 , e.g. table sugar (sucrose), 112212 OHC . It was 
originally thought that the substances somehow had water molecules in a crystal structure with 
carbon, but subsequent research showed this was not the case. The name, however, remained. 

In this experiment, you will be assigned a hydrate of unknown composition and you will use 
heat to drive off the bound water molecules. By determining the mass before and after heating you 
will be able to calculate the percentage of water in the hydrate. Subsequent calculations will enable 
you to determine the empirical formula of the hydrate, if the molar mass of the anhydrous salt is 
given.  

The crucible that you will use gets very hot, and care must be taken in handling it. Use 
crucible tongs, and make sure it has cooled sufficiently before weighing it. Errors can be induced 
from convention currents above a hot crucible exerting a force on the balance arm, making the 
mass lighter than it should be. Never put a hot crucible on a bench top or any combustible material. 
________________________________________________________________________ 
OBJECTIVES  
 
1. to determine the percentage of water in an unknown hydrate  

  
2. to determine the moles of water present in each mole of this unknown hydrate, when 

given the molar mass of the anhydrous salt  
 
3. to write the empirical formula of the hydrate   

 

Equipment 
  lab burner   ring stand and ring  
  crucible and lid  centigram or digital balance  
  crucible tongs  lab apron  
  pipestem triangle  safety goggles  

  Chemical Reagents  
 approximately 5 g of a 
hydrate   
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REAGENT DISPOSAL  
 Place the contents of your crucible into the designated waste 
container, then rinse and dry your crucible. 

 
 
 
 
 
 

 
 

 
1. Put on your lab apron and safety goggles.  
2. Set up the pipestem triangle, iron ring, stand, and Bunsen 

burner as shown in Figure 4C-1. The ring should be 5-6 cm 
above the top of the burner. Place a clean, dry crucible with 
lid on the pipestem triangle. The lid should be slightly off so 
that any moisture present may escape. Do not use a 
luminous flame on the burner as this may deposit carbon on 
it -- make sure that the flame is blue.  

3. Remove the burner and allow the crucible to cool for about 3 
min. Check by bringing the back of your hand close to the 
crucible without touching it. If you can still feel the heat it is 
not yet cool enough.  

4. Determine the mass of the empty crucible and lid. Record 
the mass in your copy of Table 1.  

5. Place the hydrate that you are assigned into the crucible 
until it is approximately one-third full. Determine and record 
the mass of the crucible, lid and hydrate.  

6. Place the crucible and contents on the pipestem triangle, 
arrange the lid slightly off, and begin heating. Gradually 
increase the heat until the bottom of the crucible is a dull red. 
Maintain this temperature for 5 min. To get the maximum 
heat, position the ring on the stand so that the crucible is just 
above the top of the light blue inner cone of the flame.  

7. Turn off the burner and allow the crucible to cool for about 5 
min. Check as before to make sure it is cool enough, then 
determine and record the mass of the crucible, lid and 
contents.  

8. To make sure that all of the water is driven off you should 
reheat the crucible for another 1-2 min. Cool as before, then 
determine and record the mass. If the masses that you 
determine in Steps 6 and 7 do not agree within 0.03 g check 
with your instructor to see if their is time for one more 
heating. Use the lowest mass in your calculations.  

9. After being satisfied with your final mass reading and the 
crucible has cooled, add a few drops of water to the contents 
of the crucible. Note any changes that occur. 

 
 
 
 

 
 
 
 
 

Procedure 

POST LAB CONSIDERATIONS  
 Your instructor will give the mass of one mole of the anhydrous salt assigned to you. Using this, you can 
determine the empirical formula of the hydrate, as follows. Moles of the anhydrous salt in the sample can be 
obtained from the mass and molar mass, and moles of water in the sample can be obtained from the mass of 
water driven off and its molar mass. The ratio of moles of water to moles of anhydrous salt gives the whole 
number to be inserted in the empirical formula for the hydrate.  
  The purpose of adding water at the end of the experiment is to observe what happens as the anhydrous 
compound is rehydrated. There may be a noticeable change in appearance when the water is added or heat may 
be evolved.  
 



3 

_______________________________________________________________ 
EXPERIMENTAL RESULTS  
  
 
Table 1  
 

Mass of empty crucible and lid 
 
 
 

Mass of crucible, lid and hydrate 

 
 
 
 

Mass of hydrate 

 
 
 
 

Mass of crucible, lid and anhydrous salt 
(first heating) 

 
 
 
 

Mass of crucible, lid and anhydrous salt 
(second heating) 

 
 
 
 

Mass of anhydrous salt 

 
 
 
 

Mass of water given off 

 
 
 
 

Molar Mass of one mole of your 
anhydrous salt (use the periodic table) 

 
 
 
 
 

Describe any changes that you 
observed when adding water to the 
crucible 
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Chemistry    Name_________________________________ 
Chapter 11 The Mole   
Hydrate Lab   Period_______ Date____________________ 
 
Our hydrate was #_____________         Formula____________________ 
 

1. Calculate the grams of water lost from the hydrate. 
 
 

2. Calculate the moles of water lost. 
 
 

3. Convert the grams of the anhydrous salt into moles. Be sure you 
use the correct formula to calculate the molar mass first. 

 
 
 
 
 

4. Determine “x”, the number of water molecules attached to your 
hydrate, by simply dividing moles of water (#2) by moles of the 
anhydrous compound (#3). Round off to the nearest whole number. 

 
 
 
 

5. Write the formula of your hydrate here:_______________________ 
 

6. Write the name of your hydrate here:________________________ 
 

7. A hydrated substance was found to have the following percentage 
composition: Na = 16.1%, C = 4.2%, O = 16.8%, OH2  = 62.9%. 
What is the empirical formula of this compound?  

 
 
 
 
 
 

 
8. A sample of 5.82 g of the substance in #7 was heated in a crucible 

as in this experiment. Calculate the mass of anhydrous compound 
that would remain in the crucible.

 


