Lab 5 - The Percent Composition of a Hydrate 
Hydrates are ionic compounds (salts) that have a definite amount of water bound to them as part of their molecular structure. The water is chemically combined with the salt in a definite ratio.  Ratios vary in different hydrates but are specific for any given hydrate.  An example of a hydrate is: Na2CO3 .10H2O.  This formula expresses how each molecule of Na2CO3 (sodium carbonate) is surrounded by 10 molecules of water.  The raised dot (.) means that the molecules of water are loosely bound to the salt molecule.  The coefficient (in this case a 10) stands for the number of molecules of water bound to each molecule of salt.  Though the coefficients differ for different hydrates, the coefficient for any specific hydrate will always be the same.  This illustrates the law of definite composition. 
When a hydrate is heated, the “water of hydration” is evaporated.  The remaining solid is called an anhydrous salt.  The general reaction for this is:

hydrate  (  anhydrous salt + water
The percent of water in a hydrate can be found experimentally by accurately determining the mass of the hydrate and the mass of the anhydrous salt after heating.  The difference between these two masses is the mass of the water that was evaporated.  The percentage of water can then be calculated:

%  water  =  mass  of  water  x 100

         mass of hydrate

In this experiment, a hydrate of copper sulfate will be studied (CuSO4 . xH2O).  Note that 

"x" indicates an unknown number of moles of water that you will have to determine in this lab.  When the hydrate of copper sulfate is heated, the anhydrous form of copper sulfate is produced.  This reaction involves a color chang from blue to almost white:

CuSO4 . xH2O  (  CuSO4 +  x H2O





       blue                 white


This lab should help you understand hydrates and the law of definite composition.

Objective


How do we determine the percentage of water in a hydrate?  What was the percent of water in copper sulfate hydrate and what does the "x" stand for in CuSO4 . xH2O?
Safety

Tie back long hair and secure loose clothing when working with an open flame.  Always wear safety goggles and a lab apron or coat when working in the lab.

Materials


balance



   safety glasses

CuSO4 . xH2O  



hot plate
scoopula  


crucible tongs                                    



evaporating dish                                     watch glass
 
 
weighing boat


hot hands    
  


   
Procedure

1. Set up a hot plate to approximately 300oC.  Place a clean evaporating dish on the hot plate and heat for 5 minutes to remove any water that may have been absorbed.  

2. Using crucible tongs or hot hands, pick up the evaporating dish and place it on the balance.  Allow the dish to cool for two minutes.  Find the mass of the evaporating dish after it has sat on the balance pan for two minutes.  This is mass (a) in your data.  Then place the evaporating dish back on the hot plate using your tongs or hot hands.
3. Using a weighing boat, measure exactly 2.00 grams of the copper sulfate hydrate.  Record the mass of the hydrate as mass (b) in your data.

4. Carefully add the copper sulfate hydrate into the evaporating dish on the hot plate and cover with a watch glass (curve side down) to prevent splattering.  
5. Continue heating until the entire sample loses its color and becomes an off-white color.  Then remove the watch glass with a pair of tongs.  Record the color change in your observations.  If there are any “caked” portions at this time, try to break them up with your scoopula while simultaneously holding the evaporating dish stationary using the crucible tongs. 
6. Continue heating for an additional five minutes.
7. Using tongs or hot hands, pick up the evaporating dish and place it on the balance.

8. Allow the evaporating dish to cool for two minutes on your balance but do not record the mass yet.  After the two minutes have passed, record the mass of the evaporating dish and the anhydrous salt.  This is mass (c) in your data


Observations -   Observe all aspects of this lab experiment.
Data - 
Mass Data 
a.  evaporating dish



_________g

b.  copper sulfate hydrate  


_________g

c.  evaporating dish + anhydrous salt         
_________g
Calculations - (You must show all of your work)
1. Find the mass of the anhydrous salt

  _________grams

2. Find the mass of the water lost


  _________grams


3. Find the percentage of water in the hydrate:
   _________ %


%  water  =  mass  of  water  x 100 


        mass of hydrate

4.  Calculate the moles of CuSO4 and moles of water produced in this experiment.  
5.  Using your answers from calculation #4, calculate the molar ratio of CuSO4 to 
water in your sample.  

6.  Determine the exact formula of the hydrate in this experiment.  In other words, 
find the value for the x in CuSO4 . xH2O. 
Discussion 

· Discuss why the evaporating dish needed to be heated before starting the experiment.
· Discuss how the percentage of water in a hydrate is determined .                              

· Discuss how the molar ratio of water to salt is determined.

· What is the exact formula for CuSO4 . xH2O? 

· What is the exact name of this hydrate (including the water)?
Additional Discussion Questions 
NOTE: when handing in the formal lab, you must write down the questions as well as the answers.  They must ALWAYS be in complete sentences.

1. The true value for the percentage of water in this hydrate is 36.0%.  Calculate your experimental error.    Discuss sources of error as well.                   

2. Why must you allow the evaporating dish to cool before measuring its mass?                  

3. Why must you measure the mass of the anhydrous salt immediately upon cooling?

4. Were the class’ results similar to yours?  If so, explain how your class’ results support the law of definite composition. (Hint: Look up the definition).
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