Empirical Formula of a Hydrate

Thanks to Adam Hildebrandt
C11-3-11
Purpose:

The purpose for this lab is to determine the empirical formula for an unknown hydrate, understand what an empirical formula represents and the relationship between and use of hydrated and anhydrous compounds.

Pre-laboratory questions:
A hydrate is a salt bonded with water (H2O) and has a formula salt(x H2O where x is the number of water molecules attached to each salt molecule. An example of a hydrate is CaSO3(3H20, or calcium sulfate trihydrate, and it is written this way because the water molecules are not actually part of the formula. The water can be removed, and the remaining salt is called an anhydrous salt.

CaSO3(3H20 would look something like this:
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Where ( represents the CaSO3 salt.

1. What is the formula for barium chloride dihyrdate?

2. Draw, based on what you already known, what you think this molecule might look like?

3. Draw the barium chloride dihydrate hydrate before and after heating.

4. What is the mass of one mole of the hydrate before and after heating?

5. Do you think this dehydration process is an example of a physical or chemical change? Justify your answer.

Procedure:

1. Safety First! Please put on your safety goggles.

2. Set up apparatus as the teacher has demonstrated.

3. Find the mass of your clean, dry crucible.

4. Your teacher will provide you with your hydrated copper sulfate.

5. Find the mass of the unknown and crucible together.

6. Heat crucible with hydrate until all color has left the hydrate.

7. While the hydrate is heating, draw representations of

a) copper sulfate monohydrate (Molar Mass =             )

b) copper sulfate trihydrate (Molar Mass =             )

c) copper sulfate pentahydrate Molar Mass =             )

8. Also calculate the molar mass of each hydrate. Note the amount of water being evaporated from the compound as it is being heated. Which of the above hydrates do you think is closest to the hydrate in your crucible?

9. Once heated allow to cool and reweigh.

10. Finally, add some water to the anhydrate to hydrate the compound again.

Data to be collected (to 2 decimals):

1. Mass of clean, dry crucible:



______________________

2. Mass of crucible and hydrate (before heating):
______________________

3. What is the color of your hydrate (before heating):
______________________

4. Mass of crucible and anhydrous salt (after heating):______________________

5. Color of anhydrous salt (after heating):

______________________

6. Molar mass of anhydrous copper (II) sulfate:
______________________

Processing the data / post laboratory questions:

1. What is the mass of the anhydrous salt (salt without water) that you obtained in your experiment?

2. How many moles of anhydrous salt did you obtain?

3. What was the mass of the water driven off during your experiment?

4. How many moles of water were driven off during your experiment?

5. What is the ratio of moles of water to moles of salt?

6. What is the empirical formula for your hydrate that was determined through your experiment?

7. In words, write out what the ratio and empirical formula are saying.

8. What does your hydrate look like? Draw a diagram representing the hydrate.

9. If I told you that your hydrate had a formula of CuSO4(5H2O and that you had 1.80 moles of CuSO4, how many moles of H2O would be present?

10. Calculate the actual percent of water in the hydrate if the formula is CuSO4(5H2O.

11. If you stopped your experiment short, and did not drive off all of the water, how would that affect the empirical formula that you determined?

12. What procedure did you perform in this experiment to try to ensure all the hydrate was evaporated?

13. How would that affect your percent calculation? How do you know?

14. Write out the chemical reaction of the decomposition of the hydrate that took place during your experiment.

15. Draw at the molecular level what is happening during the reaction.

16. Once your hydrate was been heated and cooled completely, you added several drops of water to your hydrate. Describe what happens and explain why it happens.

17. How much water in mL should you be able to add before no more changes are noticed in your hydrate? 
18. Write the name, formula, and molar mass of your hydrate.

19. Give two practical purposes of anhydrous salts in everyday life.
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