FORMULA FOR A HYDRATE C30S-3-11

Introduction:
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Often times when you open up a new pair of shoes or a bottle of vitamins you’ll see a package like the one illustrated. What is this and why is it there??

This little satchel contains a substance that attracts water from the air. By taking the water out of the surrounding air vitamins, shoe leather or delicate electronics will not be damaged by moisture while in the package. 
The silica gel in this satchel is in its anhydrous form and has the formula SiO2. When it collects the water from the air, one water molecule attaches itself (still intact) and the SiO2 molecule becomes hydrated. The water can be removed again by simply heating the silica gel.
In hydrates, the water molecules are tucked in between “host” molecules of another substance. For example, the Epsom salt that people often bathe in is a hydrate of magnesium sulfate, MgSO4. H2O molecules can cluster around and fit in between the MgSO4 molecules that make up a salt crystal in a ratio of seven water molecules to every one magnesium sulfate molecule. 
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Hydrate formulas indicate this ratio and are written in the following way:
MgSO4(7H2O
In this case the molecular and empirical formulas are the same.
Purpose of this Investigation:

In this lab you are going remove the water from copper sulfate hydrate by heating so you can experimentally determine its empirical formula:
CuSO4( X H2O
Then you will compare your results against given information to determine the molecular formula.
Equipment Required:

· Glass test tube

· Electronic balance

· 2 – 4 g of blue copper sulfate hydrate
· Test tube tongs

· Bunsen burner

· Water

Procedure: 
1. Determine the mass of the glass test tube:  
 
      g
2. Add 2 to 4 g of the blue hydrate to the test tube and record the new weight: 

 g
3. Determine the mass of copper sulfate hydrate: 
           g

4. Light the Bunsen burner and prepare a relatively cool flame. 
5. Using the tongs, tilt the test tube nearly horizontal so the hydrate covers about half the length 

      of the test tube.
6. Move the test tube back and forth through the flame until all water disappears and there is

      only a fine light powder. This is the anhydride (no water). 
7. Allow the powder to cool and then find the new weight of the test tube and contents: 

 g
8. Reheat the anhydride for another minute, cool, weigh: 
       g. If this mass is more than 

       0.05 g different from step 6, repeat the heading, cooling and weighing process. 
9. Determine the mass of the anhydride in the test-tube by reweighing and subtracting the known test-tube mass : 
          g

10. Add approximately 1 mL of water to the test tube.
11. Clean up your lab station and wash your hands.
Analysis:

1. When you heated the blue hydrate what were the observations you made? Why did this happen? What is the final substance in the test tube?
2. 
What happened when you added water to your test tube? Why did this happen?
3.
Explain what you think happened at the molecular level to the copper sulfate hydrate CuSO4(XH2O 
a) When it was heated 
b) When water was added to it 
4. Determining the formula of the hydrate:


a)    From step 9 above, what is the mass of the copper sulfate anhydride?

b) What number of moles of copper sulfate is this?

c) What mass of hydrate (mass of water) was evaporated from the initial compound?

d) What number of moles of water is this?

e) What is the ratio of number of moles of cooper sulfate (b) to water (d)

f) What is the formula for the hydrate?

6. Draw a particulate drawing that illustrates the molecular formula of copper sulfate hydrate.

7. You may be given a further hydrated compound such as barium chloride or magnesium sulfate to determine the formula of these hydrates.
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Instructor’s Notes
Curriculum Connections:
C30S-3-11

Determine empirical and molecular formulas from percent composition or mass data.
Disposal:

Dissolve the solid in water and discard at the sink with large volumes of water.

Extension:

This activity is meant to introduce the concept of an empirical formula and gain practical knowledge of its use in connection to mass data. From here it is likely that the problems will get more complicated and the determination from percent composition will be explored. The following rhyme could be a useful aid for your student when tackling these types of problems: 

Percent to mass
Mass to mole
Divide by small
Multiply 'til whole

For example, if a compound contains 82.66% C and 17.34% H and you want to determine its empirical formula you can follow the rhyme:
Percent to mass

Assume you have 100 g of the compound. You now have 82.66 g of C and 17.34 g of H.

Mass to mole

Use the molar mass of C and H to determine the moles in 100 g.

C:     1 mol     * 82.66 g = 6.88 mol C

     12.0107 g

H:     1 mol     * 17.34 g = 17.20 mol C

     1.00794 g

Divide by small
Divide larger mole amount by the smaller mol amount to determine the ratio.

             C : H                        C :  H

  6.88 mol : 17.20 mol   =      1 : 2.5
  6.88 mol : 6.88 mol
Multiply ‘til whole

This cannot be the empirical formula because we never discuss partial atoms. Since this is a ratio we just need to multiply it by 2, 3, 4 etc. until only whole numbers are left.
    C  :  H               C : H

1 * 2 : 2.5 * 2    =   2 : 5

This is the smallest whole number ratio and from here we can write out the empirical formula, C2H5.

The molecular formula for this molecule is C4H10 and can be found by comparing the molecular mass of the empirical formula just determined to the given molecular mass for butane.
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this activity addresses these two lines














