Observing Osmosis

 (Teacher Edition)

One of the standard topics taught in Biology classrooms is Osmosis.  Students need to understand how cells can passively transport materials like water, so this is an important topic to include in the curriculum!  But it can also be hard to provide examples to experience osmosis in a context that makes sense to students.  This experiment may help!   This page gives you some background on the design of the activity, and some tips on topics to teach before this lab, and some ways to extend this lab with other experiences.

This file is the “teacher edition,” and it includes answers for those questions and a description of what you might expect students who have mastered the concept of osmosis to write in the lab activity.

The 5 E Instructional Model:  This activity follows the 5E model of instructional model (BSCS, 2005).  It includes each of the steps of this model (Engage, Explore, Explain, Elaborate, Evaluate), though some are not explicitly labeled!  For instance, the Engage phase includes taking a look at the “naked egg” you prepared before lab.  This is an unusual object for most students, and should help get focus their attention on the egg as a model of a cell (OK, a REAL cell!)  If you help them work through the first paragraph of the student instructions as a class, that is the Engage phase.  The Evaluation phase is integrated throughout the lesson, with assessments of student ideas when they make and explain predictions, summarize results, and offer explanations for the data they collect.  The Extension questions at the end help them elaborate their understanding by applying this new idea of osmosis to real-world situations!  

Elements of Inquiry:  This lesson also tries to incorporate the Essential Elements of Inquiry as described in Inquiry and the National Science Education Standards (NRC, 2000).  Especially important in this lesson plan are the elements of giving priority to evidence and formulating explanations from evidence.  Students also are expected to make predictions that include a description of their reasoning for the prediction (hypothesis).  

Procedures for the experiment: Many other lessons using the same activity to describe osmosis give step-by-step instructions for the experiment. You’ll notice that I did not include detailed instructions! This lesson plan expects students to PLAN how they will carry out the investigation.  This is an important process skill (Harlen, 2001) that students need to practice! I encourage you to give this a try!  Students will understand more about how scientists do experiments, and will be forced to think about (and TALK about) why they are doing various steps.  

Pre-requisite content:  This lesson begins with an assumption that students will have learned about cell structure, including the structure of cell membranes.  It also assumes that they have been introduced to the terms “osmosis” and “passive transport.”  This may not be the case, so students may ask questions about these terms when they see them!

Objectives:   The objectives have been written as “I can…” statements for students to reflect on as they complete the lesson (Stiggins, 1997).  I believe these help students to know exactly what they should be able to do when they finish.  If they can say “I can…” for each of these, then they can say they’ve learned the objectives of the lesson.

Standards:

Indiana DOE Science Standards for Biology

Core Standard 2 - B.1.15

Core Standard 3 – B.1.2, B.1.3 
Extension Ideas:
Other experiences that could be used to reinforce the concepts addressed in this lab include:
· Soaking pieces of potato or apple in hypo- and hypertonic solutions, and weigh the pieces before and after soaking.  

· Make a pouch from piece of dialysis tubing.  Tie one end shut, fill with a thick mix of starch and water, then soak in a solution of iodine and water.  Iodine moves through, turning starch dark purple.

· Dip the tip of a piece of paper towel in water.  The movement of water up the paper towel is driving by the same diffusion force as osmosis!

· Put a white carnation or stick of celery in colored water.  As the water moves up, you can see the color in the stem (cut to see a cross section) or in the white petals of the flower.

· Bury a thin slice of lunchmeat and leave it overnight.  The next day, the meat will be dried and hard.  This connects well with the third Extension question!
Good luck with this activity!  I would welcome any feedback or suggestions for revising this lesson plan!
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TEACHER EDITION
Pre-Lab Preparation:

· Soak 2 raw eggs (For each lab group) in vinegar for 1-2 days to dissolve the shell.  Gently rinse in tap water to remove the remaining shell from the egg.  

· Mix salt and water to create an isotonic solution (9 g salt in 1000 ml of distilled water).  Store eggs in this solution until ready to do the experiment.


*Use caution when handling eggs after soaking in vinegar.  The eggs are raw, and if the membrane breaks, you’ll have a mess to clean up!

EXPLORING:

1. Look at and gently touch one of the eggs soaked in vinegar.  Write your description of the egg in the space below.  You can draw to help illustrate your description if you like.

Students should note that the egg is translucent, somewhat soft, but not too mushy.  They may record many other observations about smell, touch, etc.
MAKE A PREDICTION!  You will place one of the eggs in a jar of corn syrup, and the other in a jar of distilled water.    BEFORE you continue, write your predictions in the space below.  Predict what will happen to the mass of each egg, and give an explanation for why you think this will happen.

Predictions will vary!  Look for answers to include change in mass AND why!








TEACHER EDITION

2. Now discuss with your group how you will carry out the experiment.  To make sure you include all the important steps, consider the questions below.  

a. How will you know if the egg changed mass?

b. How long will you let each egg soak?

c. How will you handle the eggs as you move them around?

d. What data will you record?

Show your plans for the experiment to your teacher, who will initial this before you can continue! Describe your procedures in the space below.

Good plans should include weighing eggs before soaking, a reasonable timeframe (20-30 min?  Overnight works well if you have time!), weighing eggs after soaking, using container to weigh both eggs, etc.  Your expectations for format and detail will influence answers!
3. CREATE A DATA TABLE:
Make a data table in the space below to record the measurements and observations you make.   You might include a drawing if it helps you describe the eggs!

Should include mass before and after soaking each egg, AND space for observations!
4. Make sure to follow your teacher’s instructions for safety, clean-up, and disposal of materials when finished with this experiment.
TEACHER EDITION
EXPLAINING YOUR RESULTS:

5. Look at the data you collected, and think about what happened to each of the eggs.

a. What happened to the mass of the egg in corn syrup?
This egg should decrease in mass.  Amount of decrease varied dependent on time soaked in corn syrup!


b. What happened to the mass of the egg in distilled water?
This egg should increase in mass.



c. Were there other changes you noticed in the eggs?  Describe them?
Students will notice that egg in corn syrup looks “deflated.”  They may also notice that egg in distilled water is a bit larger, feels “tighter” because of increased water pressure.  If you soak this one too long, it may even burst!


6. What material do you think moved in or out of the eggs to cause these changes?  What makes you think this?
Water moves in and out.  The color of the egg in corn syrup may be more concentrated because there is less water.  The egg in distilled water increased, but ONLY water could have gone in (no other substance present).  Some students may tie this question to the size of the molecules.
7. Describe the difference between the corn syrup and the solution INSIDE the egg before the experiment began.   Also describe how the inside of the egg compares to distilled water. Try to use the words hypotonic, hypertonic and isotonic to describe the differences!
The corn syrup is a hypertonic solution (high concentration of sugar, so a lower concentration of water) compared to cell.  The distilled water is a hypotonic (lower concentration of salt/sugar, so has a higher concentration of water) compared to the cell.  The 1% solution is isotonic – has same concentration as a normal cell.


8. Based on your answers to number 6-8, predict what would happen to the mass of the eggs if you put each egg back in the 1% salt solution in which the eggs were stored before the experiment.  Explain why you think this would happen.


If the egg from the corn syrup was put
If the egg from the distilled water was put

back in the 1% salt solution, it would…,
back in the 1% salt solution, it would…,

because….




because….

…gain mass, because water will go back        … lose mass, because some of the water 
into the cell (solution has higher water           will go out of the cell (solution has lower
concentration than the egg)  

 water concentration than the egg)
TEACHER EDITION
EXTENDING YOUR UNDERSTANDING

Osmosis affects several natural events that you may be familiar with!  Think about each of the following situations, and use your understanding of osmosis to explain WHY these things happen!

A) I like strawberries on my ice cream!  To prepare them, I cut them up (remember that strawberries are made of cells!), and cover them with sugar.  I then put them in the fridge and wait for a while.  When I come back later and open the container, the sugar is dissolved in red strawberry juice and the strawberries are mushy and soft!  What does osmosis have to do with this??
Water moved out of the berries (and some red stuff, too!), because they are in environment with very low % of water!  They get mushy because the cells shrink inside their cell walls, lose turgor pressure.



B) I also like celery, but I prepare it differently!  I cut it up, put it in a zipper-seal bag or a plastic bowl, and I cover them with tap water.  If I don’t include the water, in a day or two the celery is limp and mushy.  But if I cover them with water, they stay VERY crunchy.  Why does osmosis keep the celery in water crisp?  (Hint: Celery cells are plant cells with a cell wall!)   
Water moves into the cells because they are in a hypotonic solution (higher water concentration).  As more water goes in, turgor pressure pushing on the cell walls makes the celery crisper!
C) I was watching a show on the History Channel about the fishing industry.  They said that before we had refrigeration and ice makers, fishermen would store their fish by cleaning them, then covering them in salt.  They demonstrated this on the show, and the pieces of fish were hard and stiff as a board!  Does osmosis help explain what happened to the fish?

Like the berries, the salt surrounding the fish is VERY low in water, so water moves out of the fish cells.  They lose so much that they are very dry and hard. (By the way, this prevents bacteria from growing, preserving the fish… this is the goal!  We don’t dry it because we like to chew on dried fish, but it helps keep it from spoiling!)
D) The road near my house had grass growing right up to the pavement a couple years ago.  Now there is a strip of bare dirt with no grass.  My dad says it’s because of the salt they put on the road in the winter to melt ice.  What does osmosis have to do with salt killing the grass?
Again, like the berries and fish, the grass has a high salt concentration around it (lower water concentration) so the water leaves the plant, and it dies because it is drying up!
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