The Formation of Caves
Many processes form caves. Powerful waves carve sea caves in rocks located next to the ocean. Lava flowing from volcanoes forms caves if the surface lava cools and hardens before the lava underneath stops flowing. The most common type of cave forms when underground layers of rock, such as limestone, are dissolved by acidic groundwater. In this process, rainwater absorbs carbon dioxide as it falls through the air. As the water seeps through the ground, it absorbs more carbon dioxide in soil pores. The rainwater becomes acidic because water and carbon dioxide form a weak acid known as carbonic acid. When this acidic water reaches bedrock, it seeps through cracks, dissolving the rock and creating open areas. Slowly, over many thousands of years, the water creates a cave in the rock. In this activity, you will demonstrate the effect of increasing the amount of carbon dioxide in water. The carbon dioxide in your breath will react with the water, similar to the way rainwater reacts with carbon dioxide as it falls to Earth and seeps through the soil.

	What You’ll Investigate
	Goals
	Materials

	
	
	

	•
How does an increase in carbon dioxide affect the acidity of water?

•
How does the acidity of water lead to the formation of caves?


	Predict how increasing the carbon dioxide in water will affect its acidity.

Measure the change in acidity of water as you exhale into it.

Analyze a graph to determine what chemical change has taken place.


	Data-collection interface
TI-83 Plus or TI-84 Plus graphing calculator
link cable

EasyData application
Vernier pH Sensor
timer

distilled water

600-mL beaker

wash bottle

plastic drinking straw




Safety Precautions

•
Always wear safety goggles and a lab apron.

Pre-Lab

1.
Describe how rainwater can contribute to the formation of a cave.

2.
Describe how the pH scale is used to determine whether a substance is basic or acidic.

3.
Suppose you determine that a substance has a pH of 6. An hour later, it has a pH of 2. Has the acidity of the substance increased or decreased?

4.
Predict how exhaling through a straw into water would affect the acidity of the water. Explain your answer.
Part A: Preparing for Data Collection
1.
Turn on the calculator. Connect the pH Sensor, calculator, and data-collection interface as shown in Figure 1. 

Figure 1

2.
Set up EasyData for data collection

a. Start the EasyData application, if it is not already running. 
b. Select [image: image1.png](File)



 from the Main screen, and then select New to reset the application.
c. Select [image: image2.png]


 from the Main screen, then select Time Graph…
d. Enter 5 as the time between samples in seconds.

e. Select [image: image3.png][ Next



.

f. Enter 120 as the number of samples and select [image: image4.png][ Next



. Data collection will last 10 minutes.

g. Select [image: image5.png]


 to return to the Main screen.

Part B: Collecting Data

1.
Put 150 mL of tap water into the 600-mL beaker.

2.
Remove the storage-solution bottle from the pH Sensor. Slide the cap up the sensor barrel, out of the way. Over a sink or empty beaker, use a wash bottle of distilled water to thoroughly rinse the sensors. Set the solution bottle aside in a location where it will not be disturbed. Place the pH Sensor in the 600-mL beaker.
3.
Allow the pH Sensor to remain in the water for one minute until the readings stabilize. During this time you will be able to see the pH reading at the top of the calculator screen.

4.
Be sure the timer is set to count up. Select [image: image6.png](Start |



 to begin the 10-minute measurement. When a graph appears on the calculator, start the timer.
5.
When 30 seconds have passed, use the straw to exhale into the water for the next 30 seconds. Cup your hands over the beaker as you exhale to ensure that water doesn’t splash out onto the data-collection equipment. Do not try to exhale continuously. Inhale through your nose and exhale through the straw at a natural pace.

6.
After exhaling for 30 seconds, allow the pH Sensor to remain in the water, undisturbed for the remainder of the 10-minute measurement.

7.
A graph showing changes in the water’s pH during the measurement period will appear on the calculator screen. Sketch and label this graph in your Science Journal.
8.
Press [image: image7.png]


 or [image: image8.png]


 to move the blinking cursor along the data points. The time (x) and the corresponding pH (y) values will appear at the top of the screen. Write down the pH and time for each of the selected values in the Data Table.
9.
When you are finished with the graph, select [image: image9.png][ Main |



 to return to the Main screen. 
10.
Select [image: image10.png][ Quit )



 and then select [image: image11.png]


 to quit the EasyData application. A message indicates that the collected data has been stored in calculator lists.
Data Table: Selected pH Values

Time
(s)
pH


0


100


200


300


400


500


600

Cleanup and Disposal

1.
Turn off the graphing calculator and disconnect the sensor and Data-collection interface. Rinse the end of the sensor with distilled water and place the sensor in the storage-solution bottle.
2.
Return the data-collection equipment as directed by your teacher.

3.
Follow your teacher’s instructions for disposing of the contents of the beakers and returning all equipment to proper locations. 

Conclude and Apply

1.
Describe and explain what your graph looks like between 0 and 30 seconds. 

During the first 30 seconds, the line is horizontal because the pH didn’t change.
2.
Describe and explain the curve of your graph after 30 seconds. 

Answers will vary. The graph should show a sharp drop at 30 seconds in response to exhaling in the water. This occurs because the carbon dioxide combines with water to form carbonic acid. The pH levels off when most of the carbon dioxide has reacted with the water.
3.
Explain how the results you obtained in this activity are similar to what happens when caves form.

In this activity, exhaling into water added carbon dioxide which caused the water’s acidity to increase. Similarly, when rainwater falls through the atmosphere and then seeps through soil, it absorbs carbon dioxide which increases its acidity. This acidic water dissolves underground rock, forming caves.
