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Name: ______________________________

Subject & Period: _____________________

Date Due: ___________________________
Properties of Water Lab

CSCOPE Unit 10 Lesson 01 Day 1
Overview:

Water molecules are held together by hydrogen bonding.  This keeps 

them in a state of constant tension like stretched springs all connected 

at a common center.  Surfactants get between water molecules partially interfering with the hydrogen bonds that hold one water molecule to the ones next to it.

Materials:



large plastic bin – one per group



aluminum pie plate – one per group



soap dispenser – several per class



black pepper – one can per lab day



printout of boat shape on cardstock – one per group



scissors – several per class

Procedure:

Part 1


1.  THOROUGHLY RINSE the pie plates – otherwise the soap left 

                behind from the last period will keep the experiment from working.


2. Fill the pie plate with water to a depth of about 1 cm.


3. GENTLY sprinkle pepper onto surface of the water – covering all of the 

    surface with a LIGHT DUSTING.

4. Carefully add ONE drop of soap near the center of the pie plate and 

    record your observations of what follows.


Part 2


1.  Use a pair of scissors to carefully cut out the boat shape from the

                cardstock. Be especially careful to cut accurately when cutting out 

                the notch at the back of the boat.



2. Make sure that the scissors do not become wet or soapy.

3.  THOROUGHLY RINSE the white bin – otherwise the soap left 

                           behind from the last period will keep the experiment from working.

4. Fill the bin with water to a depth of about 2 cm.



5. Place the boat so that is stern is close to – but not touching – the side 

                          of the bin.

6. Carefully add ONE SMALL DROP of soap into the notch at the boat’s 

    stern and record your observations of what follows.


7. Complete the rest of the lab report.

Observations:

Part 1

Part 2

Vocabulary

	Adhesion
	
	the force of attraction between molecules of different substances

	
	
	

	Capillary action
	
	the drawing of water up the inside of a small-bore tube when adhesive forces exceed cohesive forces; If the diameter of the tube is sufficiently small, then the combination of surface tension (which is caused by cohesion within the liquid) and adhesive forces between the liquid and container act to lift the liquid

	
	
	

	Cohesion
	
	the force of attraction between molecules of the same substance

	
	
	

	Cytoplasm
	
	the protoplasm of a cell contained within the cell membrane but excluding the nucleus; contains organelles, vesicles, and other inclusions

	
	
	

	Heat of condensation  
	
	the amount of the heat released by one mole of a gas as it changes back to a liquid

	
	
	

	Heat of vaporization  
	
	the amount of heat needed to change one mole of a liquid to a gas

	
	
	

	Hydrogen bonds
	
	the force between hydrogen bonded to a very electronegative atom and an unshared pair of electrons.

	
	
	

	Hydrophilic
	
	having an attraction to water; describes substances with polar groups that attract water molecules

	
	
	

	Insulate  
	
	to reduce the transmission of heat from one location to another using a substance called an insulator

	
	
	

	Polar molecule   
	
	a molecule in which one end is slightly positive and one end is slightly negative

	
	
	

	Surface tension  
	
	an inward force that tends to minimize the surface area of a liquid

	
	
	

	Surfactants
	
	substances with molecules that interfere with the H-bonding between water molecules

	
	
	

	Specific heat capacity  
	
	the quantity of heat required to raise the temperature of 1 g of a substance 1 °C


Hydrogen bonds are the force between hydrogen bonded to a very electronegative atom and an unshared pair of electrons. They are very strong – about 5% the strength of a covalent bond. For hydrogen bonding to be present, three conditions must be met: (1) there must be a hydrogen covalently bonded; (2) the hydrogen must be bonded to F, O, or N; (3) there must be an unshared pair of electrons on the F, O, or N atom. Many of water’s physical properties are due to its double hydrogen bonding.

Hydrogen bonds give water many of its unique properties. Compounds with molar masses similar to that of water are usually gases. Since each water molecule can form hydrogen bonds with up to four other water molecules, this force of attraction causes water to be a liquid at body temperature.

1.  Water has high surface tension. Surface tension is an inward force that 

     tends to minimize the surface area of a liquid. It causes the surface to 

     behave as if it were a thin skin.  It is caused by very strong H-bonding that 

     does not break easily. Surfactants (soaps and detergents) are substances 

     with molecules that interfere with the H-bonding between water molecules.

     They reduce surface tension by breaking some of the hydrogen bonds.


a. Explain your observations with the soap and pepper in terms hydrogen

    bonding, surfactants, and water’s surface tension.

b. Explain your observations with the boat and soap in terms hydrogen

    bonding, surfactants, and water’s surface tension.

c. Some insects, such as water skaters, live on the “skin” of water. Use

    surface tension to explain how they can walk on water.

2.  Water has a high specific heat capacity. Heat capacity is the amount of 

     heat needed to change one mole of a liquid to a gas. In other words it 

     takes much more heat energy to raise the temperature of water one 

     degree than it does for other substances.  This is due to the strong 

     hydrogen bonds holding the molecules together.

     Living organisms need to regulate their temperature within a certain range 

     or they die.  


a. Use water’s high specific heat capacity to explain why the temperature 

               of large bodies of water, such as lakes, tend to remain at almost 

               constant temperature, particularly deep down, even though the air 

               temperature changes from  high to low and back again.


b. Many organisms are mainly water. Use water’s high specific heat 

               capacity to explain how this allows organisms to resist changes in 

               temperature that would cause them to die.

3.  Water has a high heat of vaporization. Heat of vaporization is the amount 

     of heat needed to change one mole of a liquid to a gas. This is due to the 

     strong hydrogen bonds. It requires a lot of heat energy to break these 

     bonds and vaporize the liquid, changing it to a gas.


a. Use water’s high heat of vaporization to explain how humans sweating

               and dogs panting cool the body.

4.  Frozen water, ice, has a lower density than liquid water. This is unique 

                among common liquids. The lower density of ice compared to liquid water 

     is due to hydrogen bonds pulling the water molecules into a regular open 

     framework – like a honeycomb – that takes up more space than the liquid.

     The frozen water floats on the liquid water. This layer of ice also insulates 

     the liquid water below.


a. Use the lower density of ice, caused by the hydrogen bonds locking 

    the ice into a more open and less dense arrangement, and its insulating

    properties to explain why aquatic plants and fish can continue to live in

    lakes in Canada that are frozen over most of the winter.

 
5.  Water molecules are highly cohesive because of the hydrogen bonds

     between the molecules. Cohesion is the force of attraction between

     molecules of the same substance. 


a. Use the cohesion between water molecules caused by hydrogen 

    bonds to explain how plants can pull water up through xylem vessels 

    from the roots to the leaves in a transpiration stream without the 

    stream breaking.

Water is made up of polar molecules. Polar molecules have one end that is slightly positive and one end that is slightly negative.  A water molecule consists of two hydrogen atoms and an oxygen atom, but the electrons in the covalent bonds between the hydrogen and the oxygen are not shared equally. The oxygen atom is more electronegative and exerts a greater pull on the electrons than does the hydrogen. This causes each water molecule to have slightly negative and slightly positive regions.


6.  Water is made up of polar molecules and the xylem tissues have polar

     molecules lining them. 

a. Use these adhesive forces involving the polar water molecules and 

    capillary action to explain how tall plants, such as trees, move water 

    upwards through the very narrow xylem tubes against the force of 

    gravity.

7.  Water’s properties as a solvent are due to it being a very polar molecule. 

     This gives it the ability to dissolve ions like sodium ion, potassium ion, 

     chloride ion, etc. as well as the ability to dissolve polar compounds such 

     as dextrose and other sugars. It dissolves so many more substances than

     most other liquids that it is known as the “universal solvent.”


a. Most biochemical reactions take place in solution. Cell cytoplasm

              contains about 80% water. Use water’s ability to dissolve so many

              substances to explain why this is essential for cells to function.


b. Blood transports materials through the body. Blood plasma is about 

    92 % water. Use water’s ability to dissolve so many substances to 

    explain why this is essential for life.
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