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GOAL:  To use some reactions of carbon dioxide to learn about (1) the acidity of carbon dioxide, and (2) how caves form.

COMPLETE TEACHER CHECKLIST ON PAGE THREE OF THE MANUAL.  This includes giving the teacher a copy of the manual, the schedule of visits, and the exchange of phone numbers.  Take a few minutes to introduce yourselves to the class – where’re you’re from, major, career goals, etc.
MATERIALS


8 aluminum pans


16 clear 6 or 9 oz cups


8 3.5 oz cups


2 1 oz cups marked with line at 15 mL


2 3.5 oz cups marked with line at 35 mL


1 container of phenol red solution (0.05%)


1 container of limewater


1 styrofoam cooler of Dry Ice pieces - 2 pounds - need about 40 pieces the size of a quarter

1 water bottle - filled

1 roll of paper towels


1 trash bag


2 pairs of gloves


1 waster container


1 funnel

I.
Introduction

Tell students that today's activity involves some reactions of carbon dioxide that will use Dry Ice (solid carbon dioxide). 

II. Experiment - Form the class into 8 groups (3 or 4 students in each group).

Two teaching team members need to measure out the materials needed for part A while other team members are distributing the materials.   Use the measuring cups to measure out 35 mL of water into 8 clear cups and 15 mL of phenol red into 8 3.5-oz cups.  Then proceed to measure out 35 mL of limewater into 8 6-oz cups for part B.

All the activities use Dry Ice as the source of carbon dioxide.  Since Dry Ice is at -78 oC, tell the students not to handle the Dry Ice.  Put on a pair of gloves whenever you are distributing pieces of Dry Ice to the students.

A.  Acidity of Carbon Dioxide
•  Give each group an aluminum pie pan, a 6 oz clear cup with 35 mL of water, a 3.5 oz cup with 15 mL of indicator solution.  

•  Tell the students to add the indicator solution to the cup of water.  

• Then go around to each group and place a small piece of Dry Ice (size of a quarter) to their 6-oz


 cup of water/indicator mixture.





  

•  Tell the students to watch for a color change.  

•  Discuss the results of this experiment before going on to part B.

Explanation:  When Dry Ice is added to water, the warmer temperature of the water causes the Dry Ice to produce carbon dioxide gas bubbles, some of which dissolves in the water. When carbon dioxide dissolves in water it forms carbonic acid, a weak acid that acidifies the solution.   Phenol Red is red in basic and neutral solution.  Students should observe a color change as the carbon dioxide dissolves in water - from red to yellow (occurs at pH 6 and below).  

B.  Studying the Reactions that Cause Cave Formation
•  Give each group a 6 oz clear cup with 35 mL of limewater (saturated calcium hydroxide solution).  

•  Then go around and place a piece of Dry Ice (same size as in part A) in their cup of limewater. 

•  Tell students to observe what happens.  (The solution becomes cloudy in about 10 seconds and 



then clears up in about 3 minutes.)

•  Give groups another piece of Dry Ice if theirs is used up before the solution turns clear.)

Equations given below are for your information only - explain cave formation by putting the drawing given on the next page on the board and explaining what happens without using chemical equations (unless students have studied chemical equations).
Explanation:  They should observe the solution turning cloudy, and then clearing up as more carbon dioxide dissolves. The cloudiness is caused by the combination of carbon dioxide with calcium hydroxide to give insoluble calcium carbonate (limestone is calcium carbonate). 

  
The chemical equation for first step is:
Ca(OH)2(aq)  +  CO2(g)  →  CaCO3(s)  +  H2O   (1)

But adding excess CO2 (more carbon dioxide from the Dry Ice piece dissolves) causes the solution to clear up because the carbon dioxide chemically combines with the insoluble calcium carbonate to form soluble calcium bicarbonate. 


The equation for this step is:  CaCO3(s)  + CO2(g)  +  H2O   →  Ca(HCO3)2 (aq)
      (2)

The process of cave formation is very slow, taking many thousands of years, depending on the size of the cave.  Cave formation can be explained as follows:  Rain dissolves some CO2 from the air as it falls.  The rain containing dissolved CO2 (i.e., carbonic acid) reacts with the limestone (calcium carbonate) to form soluble calcium bicarbonate as it travels through the rock formation (equation 2).  Caves form as more of the limestone (calcium carbonate) reacts with water containing dissolved carbon dioxide gas to give soluble calcium hydrogen carbonate, which is carried away from the cave by underground rivers.  Stalagmites and stalactites are formed from the floor and ceiling, respectively, when either pressure release or evaporation causes calcium carbonate to precipitate (reverse of equation 2).

ALL THE CLEAR CUPS CAN BE EMPTIED IN A SINK AND WASHED DOWN WITH WATER.  IF THERE IS NO SINK, EMPTY THE CLEAR CUPS INTO THE WASTE CONTAINER AND RETURN IT WITH THE KIT.  PUT ALL USED CUPS IN THE TRASH BAG AND RETURN WITH THE KIT.   THIS IS IMPORTANT TO AVOID GETTING THE KIT BOX WET.

Lesson written by:  
Dr. Melvin Joesten, Chemistry Department, Vanderbilt University
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