CHEMLAB 11

Hydrated crystals

Hydrates are compounds that incorporate water molecules in their crystalline structures. The ratio of moles of water to one mole of that compounds is a small whole number. For example, in the hydrated compound copper (II) sulfate pentahydrate (CuSO4(5H2O), the ratio is 5:1. The ratio of moles of water to one mole of a hydrate can be determined experimentally by heating the hydrate to remove water.

Problem
How can you determine the moles of water in a mole of a hydrated compound?

Objectives

( Heat a known mass of hydrated compound until the water is removed.
( Calculate the formula for a hydrate using the mass of the hydrated compound and the mass of the anhydrous compound.

Materials

Bunsen burner

Ring stand and ring

Crucible and lid

Clay triangle

Crucible tongs

Balance

Epsom salts (hydrated MgSO4)

Spatula

Spark lighter or matches

Safety Precautions

( Always wear safety goggles and a lab apron.

( Hot objects will not appear to be hot.

( Use the Bunsen burner carefully.

( Turn off the Bunsen burner when not in use

Pre-Lab
1. Read the entire CHEMLAB

2. Prepare all written materials that you will take into the laboratory. Be sure to include safety precautions, procedure notes, and a data table.

3. Explain how you will obtain the mass of water and the mass of anhydrous MgSO4 contained in the hydrate.

4.  How will you convert the masses of anhydrous MgSO4 and the water to moles?

5. How can you obtain the formula for the hydrate from the moles of anhydrous MgSO4 and the moles of water?

Mass Data and Observations of Epsom Salts
	Observations of hydrated MgSO4 
	

	Mass of crucible and lid
	

	Mass of crucible, lid, and hydrated MgSO4
	

	Mass of hydrated MgSO4
	

	Mass of crucible, lid, and anhydrous MgSO4
	

	Mass of anhydrous MgSO4
	

	Mass of water in hydrated MgSO4
	

	Moles of anhydrous MgSO4
	

	Moles of water in hydrated MgSO4
	

	Observation of anhydrous MgSO4
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Procedure

1. Measure to the nearest 0.01 g the mess of a clean, dry crucible with a lid. Record the mass.

2. Add about 3 g hydrated MgSO4 to the crucible. Measure the mass of the crucible, lid, and hydrate to the nearest 0.01 g and record the mass.

3. Record you observations of the hydrate.

4. Place the triangle on the ring of the ring stand. Carefully place the crucible in the triangle as shown in the photo.

5. Place the crucible lid on the crucible slightly cocked to help prevent spattering and allow vapor to escape. Begin heating with a low flame, then gradually progress to a stronger flame. Heat for about 10 minutes.

6. When heating is complete, remove the crucible using tongs. Place the lid on the crucible and allow the crucible and contents to cool.

7. Measure the mass of the crucible, lid, and MgSO4 and record the mass in the data table.

8. Observe the anhydrous MgSO4 and record your observations.

Cleanup and Disposal 

1. Discard the anhydrous MgSO4 in a trash container or as directed by your teacher.

2. Return all lab equipment to its proper place and clean your lab station.

3. Wash you hands thoroughly when all lab work and cleanup are complete.

Analyze and Conclude

1. Using Numbers Use your experimental data to calculate the formula for hydrated MgSO4.

2. Observing and Inferring How did your observations of the hydrated MgSO4 crystals compare with those of the anhydrous MgSO4 crystals?

3. Drawing Conclusions Why might the method in this experiment not be suitable for determining the water of hydration for all hydrates?

4. Error Analysis What is the percent error of you calculation of the water of hydration for MhSO4 if the formula for the hydrate is MhSO4(7H2o? What changes would you make in the procedure to reduce error?

5. Predicting What might you observe if the anhydrous crystals were left uncovered overnight?

Real-World Chemistry

1. Packets of the anhydrous form of a hydrate are sometimes used to keep cellars from being damp. Is there a limit to how long a packet could be used?

2. Gypsum (CaSO4(2H2o) is a mineral used for making wallboard for construction. The mineral is stripped of three-quarters of its water of hydration in a process called calcinning. Then, after mixing with water, it hardens to a white substance called plaster of paris. Infer what happens as calcined gypsum becomes plaster of paris. 

CHEMLAB 10 Small Scale

Activities of Metals
Some metals are more reactive than others. By comparing how different metals react with the same ions in aqueous solutions, an activity series for the tested metals can be developed. The activity series will reflect the relative reactivity of the tested metals. It can be used to predict whether reactions will occur.

Problem

Which is the most reactive metal tested? Which is the least reactive metal tested? Can this information be used to predict whether reactions will occur?

Objectives

( Observe chemical reactions.

( Sequence the activities of some metals.

( Predict if reactions will occur between certain substances.

Materials

1. 0M Zn(NO3)2

2. 1.0M Al(NO3)3

3. 1.0M Cu(NO3)2

4. 1.0M Mg(NO3)2

5. Pipettes (4)

6. Wire cutters

7. Cu wire

8. Al wire

9. Mg ribbon

10. Zn metal strips (4)

11. Emery cloth or fine sandpaper

12. 24-well microscale reaction plate

Safety Precautions

( Always wear safety goggles and a lab apron.

( Use caution when using sharp and coarse equipment

Pre-Lab 

1. Read the entire CHEMLAB.

2. Make notes about procedures and safety precautions to use in the laboratory.

3. Prepare your data table.

Reactions Between Solutions and Metals

	
	Al(NO3)3
	Mg(NO3)2
	Zn(NO3)2
	Cu(NO3)2

	Al
	
	
	
	

	Mg
	
	
	
	

	Zn
	
	
	
	

	Cu
	
	
	
	


4. Form a hypothesis about what reactions will occur.

5. What are the independent and dependent variables?

6. What gas is produced when magnesium and hydrochloric acid react? Write the chemical equations for the reaction.

7. Why is it important to clean the magnesium ribbon? How might not polishing a piece of metal affect the reaction involving that metal?

Procedure

1. Use a pipette to fill each of the four wells in column 1 of the reaction plate with 2 mL of 1.0M Al(NO3)3 solution.

2. Repeat the procedure in step 1 to fill the four wells in column 2 with 2 mL of 1.0 Mg(No3)2 solution.

3. Repeat procedure in step 1 to fill the four wells in column 3 with 2 mL of 1.0M Zn(NO3)2 solution.

4. Repeat the procedure in step 1 to fill the four wells in column 4 with 2 mL of 1.0M Cu(NO3)2 solution.

5. With the emery paper or sandpaper, polish 10 cm of aluminum wire until it is shiny. Use wire cutters to cut the aluminum wire into four 2.5-cm pieces. Place a piece of the aluminum wire in each row A well that contains solution.

6. Repeat the procedure in step 5 using 10 cm of magnesium ribbon. Place a piece of the Mg ribbon in each row B well that contains solution.

7. Use the emery paper or sandpaper to polish small strips of zinc metal. Place a piece of Zn metal in each row C well that contains solution.

8. Repeat the procedure in step 5 using 10 cm of copper wire. Place a piece of Cu wire in each row D well that contains solution.

9. Observe what happen in each cell. After five minutes, record your observations on the data table you made. 

Cleanup and Disposal

1. Dispose of all chemicals and solutions as directed by your teacher.

2. Clean your equipment and return it to its proper place.

3. Wash your hands thoroughly before you leave the lab.

Analyze and Conclude

1. Observing and Inferring In which wells of the reaction plate did the chemical reactions occur? Which metal reacted with the most solutions? Which metal reacted with the fewest solutions? Which metal is the most reactive?

2. Sequencing The most active metal reacted with the most solutions. The least reactive metal reacted with the fewest solutions. Order the four metals from the most reactive to the least reactive.

3. Comparing and Contrasting Compare your activity series with the activity series shown here. How does the order you determined for the four metals you testes compare with the order of these metals?

4. Applying Concepts Write a chemical equation for each single-replacement reaction that occurred on your reaction plate.

5. Predicting Use the diagram below to predict if a single-replacement reaction will occur between the following reactants. Write a chemical equation for each reaction that will occur.

a. Ca and Sn(NO3)2

b. Ag and Ni(NO3)2

c. Cu and Pb(NO3)2

6. Error Analysis If the activity series you sequenced does not agree with the order in the diagram below, propose a reason for the disagreement.
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Real-World Chemistry
1. Under what circumstances might it be important to know the activity tendencies of a series of elements?

2. Describe some of the environmental impacts of nitrates.
