Early Earth Atmosphere Lab
Terms:


Oxidation – the combination of a substance with oxygen. A reaction in which the atoms in an element lose electrons and the valence of the element is correspondingly increased.

Reduction – a reaction in which oxygen is removed from a compound. A reaction in which the atoms in an element gains electrons and the valence of the element is correspondingly decreased.

Preliminary questions:

What do you know about rust? What is rust?

Rust is oxidation, specific to iron.
Background:

Earth’s early atmosphere was drastically different than it is today and the exact composition of this atmosphere is not well understood. It is likely the atmosphere was composed of a combination of N2, CO2, CH4, H2, SO2, H2O, and NH3 gases. The evolution of oxygen in the atmosphere did not occur for several billions of years after Earth was formed mainly due to photosynthesis. You will examine differences in the oxidation rate of steel wool (iron) in different composition of atmospheric gases: the current atmosphere – O2, an atmosphere composed mostly of sulfur dioxide - SO2 or carbon dioxide CO2.

Predictions:

Which sample (SO2, CO2 or current atmosphere) do you think will oxidize (rust) quicker? Why?
Materials:


1.5 g steel wool



Dry ice

15 ml water




5 g Sodium sulfite

3 tubes





~10 ml Hydrochloric acid
SO2 - For safety reasons, the teacher will prepare the tube for SO2. To make sulfur dioxide (SO2) mix hydrochloric acid (HCl) and sodium sulfite (Na2SO3) together to produce a gas SO2.

2HCl + Na2SO3 


SO2 + H2O + 2Na+ + 2Cl-

· Place the SO2 tube in a fume hood under the SO2 flow and allow to bubble for 15 min.

CO2 -The tube with CO2 gas will be prepared ahead of time by the teacher.

· Place the CO2 tube in a fume hood and put a few pieced of dry ice in to each tube. Lightly cap each tube to prevent all the CO2 from escaping.
Procedure: 

1. Weigh three pieces of steel wool with each piece being approximately 0.5 g.
Piece 1 ___0.5________ g
Piece 2 ____0.5_______ g
Piece 3 ___0.5________ g

2. Place piece 1 of steel wool into the O2 tube and put the cap on.

3. Take one tube labeled (CO2). Quickly open and put piece 2 of steel wool into the tube and put the cap on.

4. For the last tube (SO2), give the teacher your piece 3 steel wool to be placed in the tube.

5. In a fume hood the teacher will quickly open and put the steel wool in the tube and seal the tube. Students – DO NOT OPEN THE TUBE.
6. Observe changes to the steel wool over time.
Observations:

1. What does the steel wool look like before you weigh it? Silver
Data Tables

Initial Observations

	Sample (
Characteristic (
	Current (oxygen)

atmosphere
	Carbon dioxide atmosphere
	Sulfur dioxide atmosphere

	Liquid color


	Clear
	Clear
	Slight yellow tint

	Height of wool


	4 inches
	4 inches
	4 inches

	Color of wool


	Silver
	Silver
	Silver

	Collected particles at the bottom
	none
	none
	none


After 10 minutes observations

	Sample (
Characteristic (
	Current (oxygen)

atmosphere
	Carbon dioxide atmosphere
	Sulfur dioxide atmosphere

	Liquid color


	Clear
	Clear
	Slight yellow tint, liquid is warm

	Height of wool


	4 inches
	4 inches
	<4 inches

	Color of wool


	Silver
	Silver
	Black

	Collected particles at the bottom
	none
	none
	none


After 24 hours observations

	Sample (
Characteristic (
	Current (oxygen)

atmosphere
	Carbon dioxide atmosphere
	Sulfur dioxide atmosphere

	Liquid color


	Brown
	Slight brown
	Slight yellow to clear

	Height of wool


	4 inches
	4 inches
	<4 inches steel wool is dissolving in liquid

	Color of wool


	Silver, slightly orange
	Silver, slightly orange
	Black

	Collected particles at the bottom
	none
	none
	Small black


After 48 hours observations

	Sample (
Characteristic (
	Current (oxygen)

atmosphere
	Carbon dioxide atmosphere
	Sulfur dioxide atmosphere

	Liquid color


	Brown
	Slight brown
	Slight yellow tint

	Height of wool


	4 inches
	4 inches
	<4 inches, steel wool is dissolving in liquid

	Color of wool


	Silver, orange where submerged in water
	Silver, slightly orange
	Black

	Collected particles at the bottom
	Some rust
	Some rust
	Small black


Weight of steel wool at 48 hrs

Piece 1 ______0.6_____ g
Piece 2 _____0.52______ g
Piece 3 ____0.4_______ g

Difference in weight of steel wool between 0 at 48 hrs

Piece 1 _____0.1______ g
Piece 2 _____0.02______ g
Piece 3 ____-0.1_______ g

Questions:

 1.  Which sample oxidized the most? How do you know? (Use your observations to support your answer.) The oxygen sample. It had more rust on the steel wool and in the water. 
2.  Did the results match your prediction? Why or why not?

3.  Balance the following equation: 4 Fe + 3O2 ( 
   2 Fe2O3 ( iron(III) oxide). Which reagent is being oxidized?

The Fe is being oxidized.
4. What is the molecular weight of iron(III) oxide? 158
5. How many moles of Fe2O3 did you form on the steel wool in each type of gas? (Use the difference in weight of steel wool as grams Fe2O3)
1      0.1 g ÷ 158 g/mole  = 6.3E-4 moles
2      0.02 g ÷ 158 g/mole  = 1.3E-4 moles
3      Steel wool lost weight and didn’t form any Fe2O3
6.  After the steel wool was added to the SO2 tube what did you notice about that reaction? (exothermic or endothermic)

7. Balance the following equation. The SO2 dissolves the steel wool and then the Fe is (reduced or oxidized).
2Fe+3 + 2SO2 + 3H2O 

  2Fe+2 +   SO4-2 +   6H+ +   SO3-2 
5. Knowing the composition of earth’s early atmosphere, how much rust would you expect to find?

Since there was little oxygen there would be little to no rust.

