Teacher’s Guide – Hydrates: A Chemical Sponge


Name:___________________________________
Date:________________  Hour:_________

Hydrates: A Chemical Sponge
INTRODUCTION

Hydrates are unique substances that exhibit some unusual properties.  They are also a good demonstration of percent composition.  Let’s experiment with this substance and see what happens!  
EXPLORATION
Materials:
Each of the following is needed per person/group:

· Assortment of hydrated chemicals (one example – CuSO4 5H2O)
· Evaporating Dish

· Digital Mass Balance

· 500 mL beaker

· Hot plate

· Tongs
1. Clean your evaporating dish and heat it on the hot plate for 2-3 minutes until completely dry.  Remove the dish using the tongs and take it to the mass balance for measurement.  IMPORTANT:  During the entire experiment, only handle the dish with tongs, not your hands, even if the dish is not hot.  Oils from your hands can change the mass of the dish.  Measure the exact mass of the dish and record the value in the table below.  
2. Obtain approximately 2 grams of hydrated chemical from your instructor and put it in your evaporating dish.  Measure the exact mass of the dish and contents and record the value in the table below.  

3. Heat the evaporating dish with its contents on the hot plate and place the 500 mL beaker over it.  Observe what happens during the first 5 minutes of heating, then remove the beaker.  Continue heating for another 10 minutes.  

4. Remove the evaporating dish from the hot plate using the tongs.  Measure the mass of the dish and its contents and record the value in the table below.  

5. Return the dish to the hot plate and heat again for 10 additional minutes.  Measure the mass of the dish and its contents a second time.  If the value is within 0.02 grams of the previous value, you are finished.  If not, continue heating until the mass no longer changes.  Discard the byproducts in a beaker provided by your instructor.  
	Evaporating Dish (g)
	Dish + Hydrate Before Heating (g)
	Dish + Hydrate After Heating (g)

	Example 63.5
	65.5
	64.8


CONCEPT DEVELOPMENT
1. What did you observe when the beaker was placed over the evaporating dish?

There was condensation on the inside of the beaker.
2. Where did this new substance come from?

It was heated out of the hydrate.
3. What did you observe about the appearance of the hydrate during heating?

It lost most of its color and shrunk in size.  
4. What do you think caused this change?

The loss of the water from the molecule.
5. How can we calculate the amount of hydrate (before heating) in the evaporating dish?

Subtract the mass of the evaporating dish from the mass of the hydrate + dish.
6. How can we calculate the amount of water that was heated off of the hydrate?

Subtract the mass before and after heating.
7. Calculate the initial mass of the hydrate and the amount of water lost, and record the values in the table below:
	Evaporating Dish (g)
	Dish + Hydrate Before Heating (g)
	Dish + Hydrate After Heating (g)

	63.5
	65.5
	64.7

	Mass of Hydrate (g)
	Mass of water lost (g)

	2.00
	0.70


8. Percent composition of a substance is calculated by using the following formula:
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What is the % composition of water for the hydrate you experimented with?

(0.70)/(2.00) *100%= 35%
9. What hydrate did you use for your experiment? __ CuSO4 5H2O __ What is the molecular mass of the selected hydrate?

63.5 + 32.1 + 4(16) +5( 2(1) + 16)) = 249.6 g
10. We can also calculate the theoretical percent composition of water for the same substance using the molecular weight.  What is the mass of the water portion of your hydrate?

5( 2(1) + 16)) = 90 g
11. What is the theoretical percent composition of water for your hydrate?

(90)/(249.6)*100% = 36%
12. Percent error is calculated with the following equation:
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What is the percent error in our experiment?

(36 – 35)/(36)*100% = 2.8%
13. What are the two methods we can use to determine the % composition of water for a hydrate?
Experimentally, by heating the hydrate and recording the change in mass, or theoretically by using the formula mass.  
CONCEPT APPLICATION
Consider an experiment similar to the one you just completed.  The mass of the evaporating dish was 75.05 grams, the mass of the dish plus its contents before heating was 77.85 grams, and the mass after heating was 76.79 grams.  

1. How much hydrate did the experiment begin with?

77.85 – 75.05 = 2.8 g
2. How much water was lost during heating?

77.85 – 76.79 = 1.06 g
3. What is the percent composition of water for this hydrate?

(1.06)/(2.8)*100% = 37.9%
If we know what the kind of hydrate we are using, we can determine exactly how many water molecules are attached to each particle.  

4. If we had 100 grams of the hydrate above, how many grams would be water, and how many grams would be everything else?
37.9 g water, 62.1 g other
5. The hydrate we are using is barium chloride.  What is the molecular mass of this?

BaCl2 (  137.3 + 2(35.5) = 208.3 g
6. How many moles of barium chloride do we have, and how many moles of water do we have?

(62.1)/(208.3) = 0.298 moles BaCl2

(37.9)/(18) = 2.10 moles H2O
7. What is the actual formula of the hydrate we have experimented with?

Molar ratio: (2.1)/(.298) = 7:1
(
BaCl2 7H2O
AUTHENTIC ASSESSMENT
Now that we can determine a hydrate’s formula based on experiment, we will try this with an unknown hydrate.  You will be given an amount of unknown hydrate, and determine the percent composition of water.  From this information you will determine the chemical formula of the unknown hydrate.  Points will be awarded on proper experimental technique and data, correct calculations, and the final formula.  

	Category
	Weighting Factor
	5 points
	3 points
	1 point
	Category Total

	Experiment and Data
	3
	Students followed correct procedure; Data is organized and clear
	Mistake in procedure, data is unorganized
	Incorrect procedure and no data
	

	Calculations
	4
	Calculations are correct and organized
	Calculations are incorrect, but organized
	Calculations not present or unorganized
	

	Formula


	1
	Correct
	Incorrect
	No answer
	

	
	
	
	
	Total 

(out of 40)
	


1

