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Science in Motion

Juniata College


Meddling with Metals (Part 1)
PA State Standards:

1.1.11E
Establish a reading vocabulary by identifying and correctly using new words acquired through the study of their relationships to other words. Use a dictionary or related reference.

1.2.11.A
Read and understand the central content of informational texts and documents in all academic areas.

1.6.11 A
Listen to others.

1.6.11 D
Contribute to discussions.

1.6.11 E
Participate in small and large group discussions and presentations.

2.3.11 A
Select and use appropriate units and tools to measure to the degree of accuracy required in particular measurement situations.

3.2.10 A
Apply knowledge and understanding about the nature of scientific understanding and technological knowledge.

3.4.10.A
Explain concepts about the structure and properties of matter.  Know that atoms are composed of even smaller sub-atomic structures whose properties are measurable.

Introduction:
Modern chemistry can trace its origins back through history to when humans first discovered fire.  Fire could be used to cause chemical changes.  Around 5,000 years ago, people began producing copper and other metals by treating ores and minerals with fire.  This came to be known as the Chalcolithic, or Copper, Age.  Then people  began to shape and form metal to create stronger weapons and utensils.  This led to more common uses such as dyeing cloth, mixing paints, and forming numerous chemicals for a variety of uses.  Individuals became fascinated with such metals as gold and silver, which they regarded as solid forms of sun and moon light.

Early Greek philosophers believed that all matter was composed of four elements:  fire, earth, air, and water.  They put forth the idea that an element could be changed into any other element by altering its properties.  This later was the foundation for the science of alchemy.  During the Middle Ages, alchemists tried to find ways to turn different metals into gold.  This was later found not to be possible.
Since then, the science of chemistry has tried to find more ways to manipulate metals to have specific properties.  They are designed to be stronger, more resilient, and last longer.
Equipment / Materials:
	_I_
Hand Torch

Test Tubes

Test Tube Rack

Scoopula

Balance

Stirring Rod

Forceps

Magnet

Weigh Boats

Beaker

Glass Plate

Iron (Fe)

Sulfur (S)

6M Hydrochloric Acid (HCl)

Water
	_II_
NaOH pellets

Zinc Powder

Water

Clean Copper Penny

Tongs

Hot Plate

Evaporating Dish

Beakers


	_III_
Galvanized Steel Washer
Contact Paper
Masking Tape

Hobby Knife
3M Hydrochloric Acid (HCl)

0.1M Copper Sulfate (CuSO4)
Forceps


I: Comparing Elements, Mixtures, and Compounds

Guiding Questions:

Please answer the following questions before beginning the lab.

1. How is a compound different from its individual elements that make it up?  Is it different?
2. What part does energy play in a chemical reaction?

Safety:
· Always wear goggles and aprons in the lab.
· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

· Watch out for hot equipment.

· Never touch magnet directly to chemicals.
· Do not allow HCl to come into contact with skin.  If it does, rinse immediately.

· No solids are disposed in sink.  Solid waste must go in crock.

· Point test tubes towards wall while mixing and heating.

· Use fume hood where noted.

· Use proper smelling technique (wafting).

Procedure and Data:

Part A:  Properties of Elements

1. Mass 2.0 g of iron in a clean weigh boat.  Do not forget to account for the mass of the weigh boat itself.
2. Check the sample for the following physical properties: color, odor, magnetism, and solubility in water.  Record your observations in Table 1.  (Hint:  magnetism – move magnet under weigh boat, solubility in water – place small amount in test tube and then add water)
3. Check the sample for the following chemical property:  reactivity with HCl.  Record your observations in Table 1.  (Hint:  place small amount of sample in test tube and then add 3-4 drops of HCl)
4. Repeat steps 1-3 above with 0.5 g sulfur in place of the iron.

Part B:  Properties of a Mixture

1. Combine remaining samples of iron and sulfur together in a weigh boat.  Mix with a stirring rod.

2. Check the mixture for the following physical properties: color, odor, magnetism, and solubility in water.  Record your observations in Table 1.  (Hint:  magnetism – move magnet under weigh boat, solubility in water – place small amount in test tube and then add water)

3. Check the mixture for the following chemical property:  reactivity with HCl.  Record your observations in Table 1.  (Hint:  place small amount of sample in test tube and then add 3-4 drops of HCl)


Part C:  Properties of a Compound

1. Mass 3.5 g of iron in a weigh boat.  Do not forget to account for the mass of the weigh boat itself.
2. Mass 2.0 g of sulfur in a different weigh boat.

3. Mix the iron and the sulfur together thoroughly with a stirring rod.  

4. Carefully pour the mixture into a clean test tube.

5. Fill a 250 mL beaker with 150 mL of water.  Place the beaker in the fume hood for later.
6. Ignite the hand torch, and lay it on its side so that the flame is pointing up.  (WARNING:  It is very HOT!!!)

7. Using a test tube holder/clamp, heat the test tube using the tip of the inner blue cone of the flame.  Make sure to point the test tube towards the wall away from people.  Eventually the test tube will begin to glow.  At this point begin timing for 2 minutes.

8. After 2 minutes, take the heated test tube to the hood.  In the fume hood, submerge the hot test tube in the water and hit the test tube on the bottom of the beaker – BE SURE THE TEST TUBE BREAKS.
9. After the test tube breaks, leave it in the beaker and carry it back to your lab bench.  Put any broken test tube still in the test tube holder/clamp in the broken glass container.  
10. Using forceps, remove a piece of the compound.  Place in a weigh boat.

11. Check the compound for the following physical properties: color, odor, magnetism, and solubility in water.  Record your observations in Table 1.  (Hint:  magnetism – move magnet under weigh boat, solubility in water – place small amount in test tube and then add water)

12. In the FUME HOOD, check the compound for the following chemical property:  reactivity with HCl.  Record your observations in Table 1.  (Hint:  place small amount of sample in test tube and then add 3-4 drops of HCl)


Part D:  Disposal

1. Any liquids will go down the drain and flush with excess water.

2. Solid chemicals (iron, sulfur, iron sulfide) may go into the regular trash.

3. With a glass plate, cover the beaker containing the broken glass.  Pour water down the drain, and dump glass into broken glass container.

Table 1.  Lab Observations
	Part
	Chemical
	Color
	Odor
	Magnetism
	Solubility in Water
	Reactivity with HCl

	A
	Iron (Fe)
	
	
	
	
	

	A
	Sulfur (S)
	
	
	
	
	

	B
	Mixture
	
	
	
	
	

	C
	Compound
	
	
	
	
	



Questions:

1. How do the properties of a compound compare to those of its individual elements?

2. Why is it necessary to heat the mixture to start the chemical reaction in Part C.

3. What signs that a chemical reaction took place did you observe?  How do you know these signs revealed a chemical reaction?
4. Write the reaction equation for iron reacting with sulfur to make iron sulfide.

.

II:  Alloys


Guiding Questions:

Please answer the following questions before beginning the lab.

1. If a metal and a nonmetal make a compound, what do two metals make when they combine?
2. How are the properties of two combined metals compare to those of the individual metals?
Safety:
· Always wear goggles and aprons in the lab.

· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

· Do not allow NaOH solution to come into contact with skin.  If it does, rinse immediately.
· Be careful that the hot NaOH does not spatter.
· Do not handle the coin with your fingers until cool. 
· Paper towels used must be disposed of in the bucket of water in the front of the room. 
Procedure and Data:
(In this procedure, you will use your tongs for all HOT objects involving the hot plate!

1. Fill two beakers with water and set aside.

2. Mass 12 g of zinc powder in a weigh boat.  Do not forget to account for the mass of the weigh boat itself.

3.  Place zinc powder into an evaporating dish, and cover the powder with water. 
4. Begin to heat the evaporating using the hot plate.  Turn the dial to medium heat.  
5. The teacher will come around and add NaOH pellets to your heating mixture.  
6. Continue heating until your liquid steams (NOT BOILING).  Do not heat the dish until dryness.  Add more water if needed.

7. Place the clean copper penny into the evaporating dish making certain that the penny is completely covered.

8. When the penny appears completely silver coated, remove it from the dish.
9. Wash the penny thoroughly in one of the beakers of water already prepared.  Carefully dry the penny with and paper towel.  
10. Remove the evaporating dish from the hot plate.

11. Place the dry penny on the hot plate and watch what happens.

12. When it turns gold in color, immediately remove it from the hot plate and place it into the other beaker of WATER!
13. When cool, remove and dry.  Give to your teacher to be sprayed with lacquer.

Disposal

1. Any liquids will go down the drain and flush with excess water.

2. Solid chemicals (zinc powder) dump in waste beaker in the front of the room.

3. Any paper towels used place in the bucket of water at the front of the room.

Questions:

1. Did the entire copper penny change to the silver substance?  How would you determine this?

2. How would you explain the apparent change of copper to gold?  What did you make?

3. Could you use a nickel or dime to achieve the same results?  Explain.

.

III:  Copper Plating

Guiding Questions:

Please answer the following questions before beginning the lab.

1. What is steel?  Is it an element, a mixture, a compound … what?  

2. What is the advantage of a galvanized steel washer over a regular steel washer?
Safety:
· Always wear goggles and aprons in the lab.

· No horseplay

· Tie back long hair and any loose clothing.  Roll up sleeves.

· Pay close attention when cutting because the knife is very sharp.  Watch your fingers!

· Do not allow HCl to come into contact with skin.  If it does, rinse immediately.
· Use care while cutting your design
Procedure and Data:
1. Obtain a galvanized steel washer, 2 pieces of contact paper (4in x 4in), and a knife.
2. Peel off the contact paper and cover the washer so that you have a 4in x 4in square with the washer in the middle.

3. Using masking tape, securely tape your square to the table.

4. Choose a simple design such as a letter, a star, or a heart and draw it on the contact paper covering the washer.  A simple design will save time and frustration.

5. Carefully cut away the contact paper so that you expose the areas that will be plated with copper (any metal under the contact paper will remain shiny).
6. After your design is cut out, take your sealed washer and a pair of forceps to the FUME HOOD.  Place the sealed washer into a beaker of hydrochloric acid (HCl) until it is completely submerged.  
7. After it has stopped bubbling, remove the sealed washer using forceps.  

8. Place the metal immediately into the beaker labeled “acid rinse.”  This beaker contains water and will rinse the acid from the metal.
9. Remove your metal from the rinse and pat dry using paper towels.

10. Return to your lab bench, and place the metal in the copper sulfate (CuSO4) solution.  Your design should start to become reddish in color.  Let it develop for a few minutes, or until your design has filled in.  

11. Remove the metal using forceps and rinse with water.  This will remove any copper sulfate still on it.  Gently pat dry using paper towel.

12. Remove the remaining contact paper from the washer.  
Disposal

1. Any liquids will go down the drain and flush with excess water.
Questions:

1. What were the gas bubbles released when the washer was placed in the hydrochloric acid (HCl)?

2. Write the reaction equation for hydrochloric acid reacting with zinc.
Write the reaction equation for copper sulfate with iron.
3. How did the copper get onto your steel washer?
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