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Science in Motion


Meddling with Metals (Part 1)
Teacher Notes
Materials:

Hand Torch – Bunsen burner may be substituted

6M Hydrochloric Acid – 50% Water and 50% concentrated (12M) HCl

Clean Copper Pennies – dirty pennies may be cleaned in dilute hydrochloric acid

Hot Plate – Bunsen burner may be substituted

Galvanized Steel Washers – steel washers coated with zinc

Hobby Knife – Exacto knife, scalpel may be substituted

3M Hydrochloric Acid – 75% Water and 25% concentrated (12M) HCl

0.1M Copper Sulfate – 16 grams CuSO4 in 1 liter of water
I. Comparing Elements, Mixtures, and Compounds
Guiding Questions:

1. How is a compound different from its individual elements that make it up?  Is it different?
A compound has different physical and chemical properties from the individual elements that make it up.
2. What part does energy play in a chemical reaction?
During any reaction, there is a change/fluctuation in energy.  Energy may be consumed or energy may be given off.

   Procedure and Data:

Part C:  Properties of a Compound

1. HCl added to iron sulfide produces a poisonous, foul odor gas (H2S), so make sure students are doing this in the fume hood.

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

	A
	Iron (Fe)
	Black
	None
	Yes
	No
	Yes

	A
	Sulfur (S)
	Yellow
	Yes – odd smell
	No
	No
	No

	B
	Mixture
	Yellow/Black
	A little
	Iron – yes

Sulfur – no
	No
	A little

	C
	Compound
	Black with some Gold
	Yes – rotten eggs
	No
	No
	Yes


Questions:

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

The chemical and physical properties of a compound are different from that of the individual elementss that comprise it.
2. Why is it necessary to heat the mixture to start the chemical reaction in Part C.

There is not enough energy present in the mixture to active the reaction.
3. What signs that a chemical reaction took place did you observe?  How do you know these signs revealed a chemical reaction?

Production of a gas
Possible color change

Change in energy
4. Write the reaction equation for iron reacting with sulfur to make iron sulfide.

Fe  +  S  →  FeS
.
II:  Alloys

  Guiding Questions:
1. If a metal and a nonmetal make a compound, what do two metals make when they combine?

Typically they will combine to form a solid solution called an alloy (intermetallic compounds may also form).
2. How are the properties of two combined metals compare to those of the individual metals?

Alloys usually present different properties from the individual elements that comprise them.
   Procedure and Data:
1. Make sure that students do not heat their solutions of NaOH until dryness.  Have them add water if they begin getting low.

2. If there are enough pennies, students may want to keep one silver and one gold.  Spray with lacquer to seal and protect them.

3. Any remaining used zinc powder should be collected and disposed of properly.

4. Paper towels used during the lab should be collected in the bucket filled with water.  Change water at least once to help dilute any remaining NaOH until you may dispose of the paper towels.
Questions:

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

No, the penny was just coated on the outside.  Cut the penny in half to see the layers.
2. How would you explain the apparent change of copper to gold?  What did you make?

When copper and zinc are combined, they form a solid solution called an alloy.  The specific alloy made here is brass.
3. Could you use a nickel or dime to achieve the same results?  Explain.

No, a nickel or dime would not work the same as a penny.  A penny is made of copper and so with zinc it produces brass.  A nickel is made from 25% nickel and 75% copper, and a dime is comprised of 8.33% nickel and 91.66% copper.
.
III:  Copper Plating
Guiding Questions:

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

Steel is an alloy (a solid solution) comprised of iron and carbon.  Carbon is added to strengthen the iron.  

2. What is the advantage of a galvanized steel washer over a regular steel washer?
Galvanized means it is coated with a “sacrificial” metal which helps to protect the integrity of the desired metal.  This means a steel washer is coated with zinc metal so that the zinc can react first and be broken down rather than the iron in the steel.  Zinc metal reacts before iron metal because it is more reactive, as such it is higher on the activity series.  
Procedure and Data:
1. The sealed washer square is taped to the lab bench surface so that students do not have to hold it with their fingers when they are cutting with the knife.
2. After the design has filled in with copper, have the students pat dry the washers.  If they rub too hard while it is still wet, the copper may partially come off.
Questions:

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

Hydrogen gas
2. Write the reaction equation for hydrochloric acid reacting with zinc.
2HCl  +  Zn  →  ZnCl2  +  H2

Write the reaction equation for copper sulfate with iron.

CuSO4  +  Fe  →  FeSO4  +  Cu

3. How did the copper get onto your steel washer?

The copper was in liquid form in the solution, CuSO4, but it underwent a single displacement reaction with the iron in the steel washer.  The copper switched spots with the iron metal.
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