Size Limits of Cells
When you look at a leaf under a microscope, you notice that is made of small, rectangular structures—cells. A plant cell constantly absorbs substances it needs to live and gives off waste products through its cell membrane and cell wall. The rate at which these processes can happen depends on the surface area of a cell or group of cells. If the surface area of a cell is too small for a given cell volume, the cell cannot take in substances fast enough to survive. Also, if wastes cannot be released fast enough, they can build up and damage the cell. In this lab, you will use bouillon cubes to model cells. When the cube is placed in water, the cube begins to dissolve into ions.The released ions increase the ability of the water to conduct electricity. By measuring the water’s conductivity, you will observe how fast the ions are being released.

	What You’ll Investigate
	Goals
	Materials

	
	
	

	•
How does the surface area of cells affect the rate at which substances can be absorbed and released? 

•
How does the surface area of cells limit the size of an individual cell?


	Calculate cell volumes and surface areas.

Measure the change in conductivity of solutions over time.

Compare the rate at which conductivity increases for various solutions.


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

EasyData application
Vernier Conductivity Probe
400-mL beaker

distilled water

3 bouillon cubes 
(1 whole, 1 cut into two equal pieces, 1 cut into four equal pieces)

metric ruler




Safety Precautions

•
CAUTION: Never eat or drink any substances used in an experiment.

•
The Conductivity Probe is fragile. Handle it carefully. 

Pre-Lab

1.
Define electrical conductivity.

2.
Predict how the number of conducting particles in a solution affects the conductivity of the solution.

3.
If a solid is broken into many smaller pieces, how will the rate at which the number of particles entering or leaving the solid be affected?
Procedure

Part A: Preparing for Data Collection
1.
Turn on the calculator. Connect the Conductivity Probe, calculator, and data-collection interface as shown in Figure 1. Set the range switch on the Conductivity Probe to 0–20,000 µS. 

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.
Figure 1

Part B: Collecting Data

1.
Using a metric ruler, measure the length, width, and height of a bouillon cube in centimeters. Write these dimensions in Data Table 1 and in Figure 2.
2.
Pour 250 mL of distilled water into a 400-mL beaker. Gently place the cube into the water.

3.
Lower the Conductivity Probe into the water until it is about 1 cm above the cube. Select [image: image2.png](Start |



 to begin the three-minute ​measurement. 

4.
Gently swirl the Conductivity Probe in the water. The hole near the probe end should be completely submerged but not hitting the bouillon cube.

5.
When data collection is complete, remove the probe and rinse it in distilled water. Set it aside carefully.

6.
Select [image: image3.png][ Main |



 to return to the Main screen. 
7.
Store the data from the first run. To do this:

a. Select [image: image4.png](File)



, and then choose Store Run. 
b. Select [image: image5.png]


 to store your latest data.

8.
Repeat steps 2–7 with two cube halves. 

9.
Repeat steps 2–6 with four cube quarters (do not store this data). The time measurements will be stored in List 1 (L1). The conductivity measurements will be stored in L4 (whole cube), L3 (two cube halves), and L2 (four cube quarters).

Part C: Graphing Data
1.
From the Main screen, select [image: image6.png](Graph)



. A graph will appear on the screen. 

2.
To view a graph of all collected data, select [image: image7.png](Adv )



 and choose L2, L3 and L4 vs L1. A single graph with three curves will appear.
4.
Sketch and label this graph in the space provided on the following page. Be sure to label the curves whole cube, halved cube, or quartered cube.
5.
When you are finished with the graph, select [image: image8.png][ Main |



 to return to the Main screen. 
6.
Select [image: image9.png][ Quit )



 and then select [image: image10.png]


 to quit the EasyData application. A message indicates that the collected data has been stored in calculator lists.
Cleanup and Disposal

1.
Turn off the graphing calculator and disconnect the Conductivity Probe and Data-collection interface.

2.
The Conductivity Probe is fragile. Carefully rinse and dry the probe.

3.
Clean and return all equipment as directed by your teacher.

Figure 2
Data Table 1: Calculating Total Volume

	
	Length (cm)
	Width (cm)
	Height (cm)
	Volume of One Piece
	Number of Pieces
	Total Volume of All Pieces

	Whole cube
	1.3
	1.3
	1.3
	2.2
	1
	2.2

	Halved cube
	1.3
	1.3
	0.65
	1.1
	2
	2.2

	Quartered cube
	0.65
	1.3
	0.65
	0.55
	4
	2.2


Data Table 2: Calculating Total Surface Area

	
	Area of Side A (cm2)
	Area of Side B (cm2)
	Area of Side C (cm2)
	Total Surface Area of One Piece
	Number of Pieces
	Total Area of All Pieces

	Whole cube
	1.7
	1.7
	1.7
	10.2
	1
	10.2

	Halved cube
	0.85
	0.85
	1.7
	6.8
	2
	13.6

	Quartered cube
	0.42
	0.85
	0.85
	4.24
	4
	17


Part D: Analyzing Data

1.
Calculate the volume of the whole bouillon cube (V 5 l 3 w 3 h).

2.
Using Figure 2 as a guide, calculate the length, width, and height of a half cube and a quarter cube. Write these in the spaces provided in Figure 2 and in Data Table 1. Check these with your teacher before proceeding.

3.
Calculate the volume of each type of piece—a whole cube, a half cube, and a quarter cube. Enter these values in Data Table 1.
4.
In Data Table 1, write the total number of pieces that are obtained when a whole cube is halved and when a whole cube is quartered.

5.
Calculate the total volume of a whole cube, two cube halves, and four cube quarters and write these values in Data Table 1.
6.
Using Figure 2 as a guide, calculate the surface areas (SA 5 l 3 w) of sides A, B, and C of a whole cube, a half cube, and a quarter cube. Write these in Data Table 2. Check these withyour teacher before proceeding.

7.
Calculate the total surface area of a whole cube, a half cube, and a quarter cube using the formula: Total SA 5 2A 1 2B 1 2C. Why is the surface area of each side multiplied by two?

8.
In Data Table 1, write the total number of pieces that are obtained when a whole cube is halved and when a whole cube is quartered.

9.
Calculate the total surface area of a whole cube, two cube halves, and four cube quarters and write these values in Data Table 1.
Conclude and Apply

1.
Compare the total volumes of the whole cube, the halved cube, and the quartered cube. Explain your observation. Compare the total surface areas of whole cube, the halved cube, and the quartered cube. What do you observe?
The volumes of all three are equal because cutting a cube doesn’t change the total volume. 

The surface area increased each time the cube was cut.
2.
What do you observe about the conductivity of all three bouillon-cube solutions as time progressed? Explain your observations.
As time progressed, the conductivity of all three solutions increased. As the cubes dissolved, more ions were released into the solution, increasing the conductivity.
3.
Explain the differences between the three conductivity curves. Which curve shows the fastest rate of dissolving? Explain your observations.
The cube cut into four pieces dissolved the fastest because it had more surface area exposed to the water.

4.
Which will allow a greater volume of substances to move into and out of a cell in a given amount of time—one large cell or an equal volume of several smaller cells? Explain.
Because several smaller cells have a greater surface area than one large cell, a greater volume of substances will move into and out of several smaller cells in a given time. 

