

Surface Area to Volume (Rate of Ion Exchange) Activity
In this lab activity, you will use bouillon cubes, which have a high salt content, as cell models. You will observe how cells of equal volume perform reactions faster when their surface area is increased. When the bouillon cubes are placed in distilled water, they will begin to dissolve, releasing sodium and chloride ions. The solution’s conductivity, measured by a Conductivity Probe, is proportional to the ion concentration in the solution. 

objectives

In this experiment, you will use agar cubes cut into various size blocks to simulate cells and use a conductivity probe to measure the quantity of ions in a solution.  Then you will determine the relationship between the surface area and volume of a cell.

MATERIALS

	TI-84 Plus graphing calculator
	bouillon cubes

	EasyData application
	distilled water

	data-collection interface (Easy Link) 
	metric ruler

	Conductivity Probe
	stirring rod

	Plastic cup or beaker
	

	scalpel or razor blade (optional)
	

	
	


PROCEDURE

1.
Obtain a boullion cube that is whole and one that has been cut into 4 pieces.  
2.
Turn on the calculator. Set the Conductivity Probe on the 0–20000 µS/cm position. Connect the Conductivity Probe, data-collection interface, and calculator. (With EasyLink the calculator will automatically launch EasyData  and detect the sensor.) 
3.
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. Select [image: image3.png][ Edit )



 on the Time Graph Settings screen.

e. Enter 2 as the time between samples in seconds.

f. Select [image: image4.png][ Next



.
g. Enter 40 as the number of samples and select [image: image5.png][ Next



 (data will be collected for 80 seconds).

h. Select [image: image6.png]


 to return to the Main screen.

4.
Pour 200 mL of distilled water into the container. Position the Conductivity Probe in the water so the tip is about 3 cm from the bottom of the container. Hold the probe in place during the data collection.
5.
Place the solid bouillon cube sample in the beaker and select [image: image7.png](Start |



 to begin data collection. Stir the water moderately with the stirring rod. Continue stirring the water during the entire data collection period. Avoid hitting the bouillon pieces with the stirring rod. 


[image: image8.png]



6.
Data collection will stop after 80 seconds. Analyze the graph to determine the rate of ion exchange. To do this:

a. Examine the graph and determine the most linear region. 

b. Use [image: image9.png]


 to move the flashing cursor to the first point of the region. Record the initial conductivity, Ci, and initial time, ti,.  . 

c. Move the flashing cursor to the last point of the region. Record the final conductivity, Cf, and final time, tf,.
7.
Empty the water from the beaker. Rinse the beaker and Conductivity Probe thoroughly. Dry the beaker and blot the outside of the probe shaft dry using a paper towel. It is not necessary to dry the inside of the hole near the probe end. 


8.
Select [image: image10.png][ Main |



 to return to the Main screen. 


9.
Repeat Steps 4–8 for the sample of bouillon cut into 4 pieces. Note: After selecting [image: image11.png](Start |



 to begin data collection, select [image: image12.png]


 to overwrite the latest run and start collecting data.

10.
.
Select [image: image13.png][ Main |



 to return to the Main screen.


11.
Select [image: image14.png][ Quit )



, then [image: image15.png]


 to exit EasyData
Processing the data


Calculate the slope of the graph for each of the experimental runs recorded in Table 1. The slope of each graph is equal to the rate of ion exchange for that experiment. Record the calculated slopes. 

Slope =     Cf – Ci
                





   tf  - ti

Questions
1.
How does the surface area affect the rate of ion exchange?

2.
What is the advantage of a cell that has a large surface-to-volume ratio?

3.
How might the shape of a cell be adapted to increase the surface are to volume ratio? 
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