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Students will explore the properties of water and states of water, thinking of water across multiple size scales. Students will then think about how water's properties impact life on earth and the adaptations organisms have to deal with the unique properties of water.

At the conclusion of the lesson, students will be able to:

· Describe the states of water and what water looks like at the macroscopic and microscopic scale. 
· Describe how the properties of water affect the ability of organisms to live. 
· Describe how organisms have adapted to the properties of water. 

Advanced students may be able to complete this in one class period, younger students will require 2-4 class periods (depending if the teacher wants to do the activities as small group activities or as whole class demonstrations). 

Upper elementary-high school.   


States of Matter, Properties of water



Station 1: 

· 2 spray bottles

· Fresh and salt water

· Projector and black board

· Red Mangrove plants (available for purchase online)
Station 2: 

· Balloons

· permanent markers

· beet slices

· microscopes

· slides of frozen organisms

· cups/beakers for adding water

· funnels?

· Salt

· Sugar

· measuring cups/spoons
Station 3: 

· large pickle jar or other large wide-mouthed jar 

· latex gloves 

· matches 

· water 

· airplants (Tillandsia)

Station 4: 

· 10+ plastic pipettes 
· Balance
· Calculator

· water

Intro: Act out the states of water as temperature changes from below freezing to boiling. Have the students talk about how the molecules are same at each temperature, but that they are moving around and interacting differently at each of the temperatures. You can have them draw pictures on a storyboard if that is helpful. 

Ask the students if the way water acts at different temperatures is the same as other materials on earth. Do things like mercury, lead, carbon dioxide, etc. expand when they freeze? Do they expand when they evaporate? Do they change states at the same temperatures? 
Divide into groups and visit four stations for ten minutes each. You could also run these with the whole class as mini-experiments one at a time. 

Station 1: Transpiration and Salt – How plants can adapt
Introduction – evaporation

· What happens when water evaporates? Do dissolved particles evaporate with the water?

Experiment – what stays behind after evaporation?

· Hypothesis: what will happen when we spray water and salt water on the board?

· Slides of salt ponds – how we make salt

· Evaporation, salt left behind when water evaporates

· Ponds in San Francisco

Link to transpiration – water leaves plant leaves but leaves behind salts

· Adaptations to deal with salt accumulation after transpiration

· Mangroves

· Grow in tropical regions, covering ¾ of coastlines in these areas

· Can survive in water over twice the salinity of seawater (from 30-90 ppt)

· Excrete salt crystals from leaves

· Drop sacrificial leaves with high salt concentrations

· Their roots create unique habitats called mangrove swamps.

Station 2: Adaptation to freezing and cold temperatures

(1) Introduction


(a) Animals have lots of adaptations to cold temperatures.


- Migration (e.g., birds, insects)


- Insulation (e.g., arctic fox)


- Dormancy (e.g., bears)


- Hibernation (e.g., bats, ground squirrels, turtles)


- Freezing (e.g., insects)


- Antifreeze (e.g., amphibians, fish, insects, plants, bacteria)


(b) Why freezing is dangerous


- can cause cells to rupture because ice forms from water and disrupts osmotic balance, forcing water out of cells


- ice crystal formation, when unregulated, produces jagged edges that can damage cells


(c) More on antifreeze


- Frogs increase sugar concentration in body (glucose is produced in liver). When ice forms in the body, high glucose concentrations outside the cells reduces osmotic potential for fluid to leave cells. Cells decrease in size but don't rupture.


- Fish produce antifreeze proteins that seed ice growth in tiny crystals and keep crystals from growing larger (which would damage cells). Antifreeze proteins lower the freezing point so it has to get colder for ice crystals to form.

(Note: There seem to be multiple independent origins of antifreeze proteins, and the form of these proteins is different across taxa.)


- Some insects increase glycerol and other alcohol molecules outside the cells to control freezing and prevent cell damage.


- Other insects use sugars more complex than glucose.

Take home: lots of chemical adaptations to survive freezing.

(2) Experiment: "Can your organism survive freezing and thawing?"

- Make a prediction about whether your organism (balloon with beet slice and fluid inside) will survive freezing and thawing when you add (1) tap water as the body fluid, (2) salt water as the body fluid, or (3) sugar water as the body fluid. If you add salt or sugar, is more always better?

- Name your organism and write name on balloon
- Add beet (tissue) to balloon (body of organism)

- Add one of the three fluids:


- tap water


- salt water


- sugar water


(could let participants decide to put in high or low amount of salt/sugar)

- Place in freezer

- Near the end of the day, remove from freezer and let thaw

- Participants come to check their organisms at end of day

(3) Exploration

- Look at frozen organisms under the microscope and describe what the cells look like.

[ This step could go before the Experiment ]

Station 3: Condensation, clouds, and airplants 

Introduction:

Condensation is when water in the gas state transforms back into the liquid state. This sometimes happens as rain clouds form, as liquid water forms onto cooler materials (like when dew forms on the grass), or when your cold glass has water form on the outside. Students have trouble visualizing the gas phase of water, so it is helpful to give them concrete examples of water going into the gas phase from liquids and back again. A humidifier is useful here to show them water going into the gas phase.  
Experiment 
Why is it that on a cold day we can see our breath? The answer is that the air we breathe out contains moisture in the form of water vapor. When that warm, moist air meets the cold, dry air outside, a cloud forms. 

There must be three main ingredients present in order for clouds to form (UCAR, 2000): 

· Moisture - There must be sufficient water vapor in the air to build a cloud. 

· Cooling air - The air temperature must decrease enough for water vapor to condense. 

· Condensation nuclei - Tiny particles, invisible to the human eye, such as dust, dirt, and pollutants, provide surfaces on which water molecules can gather and condense into water droplets. 

If the conditions are right, then a cloud will form

In this experiment, you will make your own cloud by making a cloud chamber. Inside the cloud chamber, you will provide the right conditions for a miniature cloud to form! What will happen to your cloud if you change some of the conditions?

	

	You can make your very own cloud chamber to study cloud formation! 
(Exploratorium, 1997) 


Terms, Concepts and Questions to Start Background Research
To do this type of experiment you should know what the following terms mean. Have an adult help you search the internet, or take you to your local library to find out more! 

· clouds 

· atmosphere 

· pressure 

· humidity 

· water vapor 

Questions 

· How do clouds form? 

· Does atmospheric pressure increase or decrease the formation of clouds? 

· How are clouds nucleated by particles in the atmosphere? 

Experimental Procedure
1. First, you will need to learn how to make a cloud chamber using the jar, glove, match, and water. 

2. Barely cover the bottom of the jar with water. 

3. Hang the glove inside the jar with its fingers pointing down, and stretch the glove's open end over the mouth of the jar to seal it. 

4. Insert your hand into the glove and quickly pull it outward without disturbing the jar's seal. Nothing will happen. 

5. Next, remove the glove, drop a lit match into the jar, and replace the glove. The match will go out and create smoke particles in the jar which will become nucleation sites. 

6. Pull outward on the glove once more. Fog forms inside the jar when you pull the glove outward and disappears when the glove snaps back. The fog will form for 5 to 10 minutes before the smoke particles settle and have to be replenished.
Next show your students an airplant (Tillandsia). These plants don’t live in the soil, but instead live in the canopy of the rainforest. They are able to condense water on their leaves, enabling them to live higher in the canopy instead of on the ground. They use hairs on their leaves as condensation nuclei, similar to what happens in the sky when clouds form. 
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Station 4: Density of water and ice
Introduction: 


What generally happens to the spacing between molecules in a liquid when the liquid cools down?  What about as the liquid changes phases and becomes a solid?

Experiment: 


Do the molecules in water get closer together as water changes into ice?

Procedure:


- Place plastic pipettes filled with 10ml of water in freezer to freeze overnight.


- Give groups pipettes with ice in them.  Have them observe the volume of ice 
and take the mass.


- Warm the pipettes with their hands until the ice melts.  Observe the volume of water and take the mass.


- Calculate the density of water and ice.

Discussion:


How would life be different if water behaved like most liquids and became denser when it froze?


Why is ice less dense than water?

Wrap-up with a discussion of the properties of water, and ask about what the groups found to be the most surprising or cool. Ask if the groups would like to learn more about any of the topics they heard about. 
. 
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