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A look at some 

physical and chemical

properties of water.

Density of Water

Pre-Lab Discussion:

Water is a very unique substance!  It is one of the few substances that can exist naturally in all three of the states of matter:  solid, liquid and gases.

One of the distinctive properties that differ between each of these states is density.  Density is defined by the ratio of mass divided by volume.  It is in essence how many particles that a specific space or volume can hold.

The kinetic molecular theory helps explain the movement of the water particles.  In water vapor, the molecules are the farthest apart from each other as can exist, thus is the least dense of the three states.  Temperature affects the density of water in the liquid state.  The molecules of heated water will be less dense than that of colder water as the higher temperature makes the molecules less compact.

Most objects get smaller as they get colder as the particles contract.  However ice, solid water, is quite unique as it expands by about 10% as it freezes, making it less dense than liquid water (which is why ice floats in a glass of water).  When water freezes the water particles spread out and become arranged in a lattice-like pattern, which makes for more room between particles, and it having a lower density than liquid water.

Changes in temperature have a definite affect on the density of water.  Adding heat speeds up the movement of the molecules.  When the speed of the molecules increases, the water molecules are not able to stay as near to each other as before the heating, making fewer particles packed in a unit area or volume.  Heating also increases the number of collisions between water molecules and the force of the collisions.  More and harder collisions cause the particles to move apart more, thus decreasing water’s density.

As water-cools, water molecules are losing heat energy and start to move much more slowly.  The number of collisions between water molecules decreases and the force of collision decreases as well.  This makes it so the water molecules are closer together, thus having more particles per unit area, and thus more dense.

If you’ve ever swam in a pool that has a deeper end for diving, or have taken a dive in a deep lake, you probably have noticed that the temperature of the water goes down, the farther down you go.  This is because colder water is denser than warmer water, and colder water will sink and warmer water rises to the surface.

In lakes, this movement of water because of differences in densities causes many different nutrients and the amount of dissolved oxygen to circulate throughout the lake.  When a lake freezes over in the winter, the ice rises to the top and then acts as an insulator preventing the water beneath it from freezing.  That is why lakes don’t become solid blocks of ice in the winter and many enjoy fishing through the ice come wintertime.

Water is called the universal solvent because it can dissolve so many substances.  Pure water in nature is very rare; the water in lakes, streams, etc. has many different things dissolved in it.  The addition of certain things to water can change the density of the water.

If we remember how the amount of stuff per unit area is density, if you dissolve certain substances in water, the amount of material that is in space that water occupies will increase.  With an increase of material in the same amount of space, the density will increase.

Objectives:    To demonstrate how temperature and dissolved salt in water 




    affects the density of water.



    To understand the concept of density in the three states of 



    water.

Materials:
Bunsen burner




ice




Red & blue food coloring


250 mL beakers



Straws





hard-boiled egg



Salt

Pre-Lab Activities:

Both of the boxes below have an equal area.  Using small, solid circles, please give an example of the box on the left being denser than that on the right.

	

	


The two bottles you are being shown had equal volumes of water in them.  The only difference is one bottle was frozen whereas the other was not.  Please describe what has happened to the frozen bottle.

___________________________________________________________

___________________________________________________________

___________________________________________________________

Hands-On Activities:

Affects of Temperature.

1.
 Pour 100 mL of tap water into a 250 mL beaker.  Place the beaker into


an ice water bath until the temperature of the water is around 20 ºC.

2.
Set up a Bunsen burner and heat 100 mL of water in another 250 mL beaker until the temperature of the water reaches around 70 ºC.

3.
Using a thickness of paper towel, remove the heated water from the ring-stand and place one drop of red food coloring into the heated water.

4.
Place one drop of blue food coloring into the cooled water.

5.
Gently tip both beakers so that the liquids almost touch, and then allow the heated water to flow over the cold water.  Observe the system and


record your observations in the data table.

6.
 Pour 20 mL of tap water into a 50 mL beaker.  Place the beaker into


an ice water bath until the temperature of the water is around 20 ºC.

7.
Set up a Bunsen burner and heat 20 mL of water in another 50 mL beaker until the temperature of the water reaches around 70 ºC.

8.
Using a thickness of paper towel, remove the heated water from the ring-stand.

9.
Place one drop of blue food coloring into the cooled water.

10.
Put a straw on the inside the cold water and put your finger over the


open end.

11.
Lift the straw out of the cold water (keeping your finger over the one end) and put the straw over the beaker holding the hot water (there should be colored cold water in the straw).  Slowly release the cold water into the hot water.  Record your observations.

12.
Set up a Bunsen burner and heat 20 mL of water in another 50 mL beaker until the temperature of the water reaches around 70 ºC.

13.
Using a thickness of paper towel, remove the heated water from the ring-stand.

14.
Measure out 20 mL of room temperature water and place one drop of blue food color into the beaker.

15.
Put a straw on the inside the room temperature water and put your finger over the open end.

16.
Lift the straw out of the room temperature water (keeping your finger over the one end) and put the straw over the beaker holding the hot water (there should be colored water in the straw).  Slowly release the room temperature water into the 70 ºC water.  Record your observations.

17.
Set up a Bunsen burner and heat 20 mL of water in another 50 mL beaker until the temperature of the water reaches around 70 ºC.

18.
While the first beaker is heating, set up a second Bunsen burner and heat 20 mL of water in another 50 mL beaker until the temperature of the water reaches around 50 ºC.

19.
Using a thickness of paper towel, remove the heated water from the ring-stand.

20.
Place one drop of blue food color into the beaker with the 50 ºC water.

21.
Put a straw on the inside the 50 ºC water and put your finger over the open end.

22.
Lift the straw out of the 50 ºC water (keeping your finger over the one end) and put the straw over the beaker holding the hot water (there should be colored water in the straw).  Slowly release the 50 ºC water into the 70 ºC water.  Record your observations.

23.
Set up a Bunsen burner and heat 20 mL of water in a 50 mL beaker until the temperature of the water reaches around 50 ºC.

24.
Take a piece of blue colored ice and place it into the 50 ºC water.  Record what happens to the blue coloring as the ice melts.

Salinity.

25.
Pour 100 mL of water into two different 250 mL beakers.

26.
Stirring continuously, add table salt to one of the beakers until no more of it can dissolve.

27.
Once you have finished adding the salt, take a hardboiled egg and place it into each of the beakers and record your observations.

28.
Remove the egg and add 1 drop of blue food color to the beaker of plain water.  Add 1 drop of red food color to the beaker of salt water.

29.
Gently tip the beakers together and pour the contents of the colored/plain water over the salt water, record your observations.

Going Farther…

Design and then perform an experiment where you find/show the answer to the following questions:

1.
When floating fresh water over salt water, how would heating the fresh 

water affect the results?

2.  
Is warm salt water less dense than cold salt water?

Data Tables

	Temperature Data



	Observations from mixing the heated and cooled water.


	

	Observations of cold water from straw to 70 º C water.


	

	Observations of room temperature water from straw to 70 º C water.


	

	Observations of 50 º C water from straw to 70 º C water.


	

	Observations of blue ice in 70 º C water.


	


	Salinity



	Observations of hard-boiled egg in regular water


	

	Observations of hard-boiled egg in salt water


	

	Observations after pouring plain water over salt water


	


Questions:

1.
Which is denser, heated water or cool water?  Explain using examples from your lab.

___________________________________________________________

___________________________________________________________

___________________________________________________________

2.
How does heat affect the movement of water molecules?

___________________________________________________________

___________________________________________________________

___________________________________________________________

3.
Does salt affect the density of water?  Explain.

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

The Nature of Water

Pre-Lab Discussion:

[image: image1.png]


Water is a polar molecule.  That means there is an uneven attraction for the shared paired of electrons.  Because of this, the very nature is of water is that the one water molecule is attracted to another water molecule (as well as to molecules of other substances).  This attraction between water molecules is called cohesion.  The attraction of water molecules to other materials is called adhesion.

To illustrate the concept of adhesion, fill a test tube with some amount of water.  The water level in the test tube is not a straight line, it is curved (see the illustration to the right).  Because of the adhesion of water to the glass, the water “sticks” to the sides making a curved level.  If reading a volumetric amount you always read from the bottom of the curve, which is called the meniscus.  

If a glass is filled right to the brim and then more water is added gently and carefully, the level of the water will actually exceed the top of the glass.  The cohesive force between water molecules causes the surface of the water to act as if it has a thin protective film over it.  This phenomenon is called the surface tension of water.

The surface of water is strong enough that it can support objects whose density is greater than that of liquid water, like a small paperclip or a needle.   Different types of aquatic insects can actually walk on the surface of the water without sinking.   These bugs are not floating.   When an object floats it does not break the surface tension of the water.  The bugs, needles, etc. are held up by the bonds between the water molecules and are not really floating.

The same forces that cause water to be attracted to itself cause it to adhere to other substances.  If it didn’t adhere to things it would slide off everything it came in contact with.

Water also appears to go against the laws of gravity.  Water moves up through spaces in the soil particles, and moves up as it is being absorbed because of what is called capillary action.  Not only are the water molecules attracted to themselves, they are attracted to the molecules that are part of the material absorbing them.  The molecules of water can only travel up so far before the force of gravity overcomes the attraction that water has for itself and it stops rising.

Objective:
    Students will demonstrate the adhesive and cohesive properties



    of water.

Materials:
paper towel





food coloring



Pennies





bereal pipet



Clear plastic cup




Styrofoam cup



Dish soap





paper clip

Procedures:

1.
Fill a small, clear plastic cup about half full of water.  Add 1 drop of blue


food coloring to the cup.

2.
Place one end of a piece of paper towel into the cup and hold the paper towel upright for about 2 – 3 minutes.  Record your observations of what happens in the data table.

3.
Fill a clear plastic cup with water until the level of water is even with the rim of the cup.  Carefully add one penny at a time until you the water overflows the cup.  Record the number of pennies you used in the data table.  Compare your results with one other group, recording their results in your data table.

4.
Using a bereal pipet, place as many drops of water on a penny as possible without it spilling over the edge.  Keep track of the number of drops.  Continue until either water spills over the edge or the water drop  collapses.    Record the number of drops in your data table.

5.
Take a Styrofoam cup and cut it so the bottom is about 1 ½” high.  Discard the top portion of the cup.

6.
Using a small tray, fill the tray so it has about ½” of water covering the entire bottom of the tray.

7.
Allow the tray to sit until there is no motion to the water, and then carefully place the cup into the tray of water.  Record what happens to the cup.

8.
Carefully remove the cup and then dry its bottom.  After drying, place 1 drop of dish soap on the bottom edge of one spot of the cup.  Carefully place the cup with drop of soap on it into the tray of water.  Record what happens to the cup.

9.
Fill a 250 mL beaker almost full of water.  Lay a small needle or paper clip onto the prongs of a fork and gently lower the fork into the water.  When the paper clip/needle is floating on the surface of the water, take a magnifying class and carefully examine the surface of the water where it comes in contact with the needle/paper clip.  Describe what you see carefully.

Going farther…  Which brand of paper towel is the most absorbent?

You will need to have at least three different kinds of paper towel for this portion of the lab.  Advertisers make claims as to how absorbent and how strong their paper towel are when compared to others.  We are going to see just which one is right.

Procedure:

1.
Cut three pieces of paper towel such that they are identical in length and width.  A one inch width is recommended.

2.
Tape one end of each of the three pieces of towel such that all three pieces are the same distance from the pencil.

3.
Place the pencil over a 1000 mL beaker and figure out how much water will need to be added so that all three pieces of paper towel will be immersed about ½” in the water when the pencil is placed on the top of the beaker.

4.
Fill the beaker to the level determined in step three, add a drop of blue food color to the water, and then place the pencil on the top of the beaker such that all three pieces of paper towel have ½” submerged in the water.

5.  
Allow the paper towels to absorb water until all of them have the water stopped rising.  Use a ruler to measure the height absorbed above the water for each towel.

6.
To measure the strength of the paper towels, cut a 4” x 4” piece of each of the paper towels and submerge each into water until they can hold no more.  Remove from the water and let excess water drip off, do not wring out.

7.
Holding onto two opposite sides, begin placing hooked masses onto the middle of the wet paper towel until it can hold no more weight and they fall through.  CAUTION:  Do NOT hold the paper towel very high off the counter top, so the masses do not have far to fall.  Record how much weight each could hold before breaking into your data table.

Data Tables

	Adhesion/Cohesion of Water



	Observations from holding paper towel in water.


	

	Your

Group
	Second

Group

	Number of Pennies added to Water


	
	

	Your

Group
	Second

Group

	Number of Drops

on the edge of Penny


	
	

	Observations of Cup on Water


	

	Observations of Cup with Soap

On Bottom of Cup


	

	Description of water surface with needle/paperclip floating on it


	


Paper Towel Wars…

	Brand of Paper

Towel
	Height of Water

Absorbed
	Mass Held While

Wet

	
	
	

	
	
	

	
	
	


Questions and Analysis.

1.
Explain why it is possible to add pennies to a full cup of water without it spilling out.

___________________________________________________________

___________________________________________________________

___________________________________________________________

2.
As you continued to add the water to the surface of the penny, describe what happened to each of the drops of water you placed on its surface.  Explain why it happened.

___________________________________________________________

___________________________________________________________

___________________________________________________________

3.
When you placed the Styrofoam cup into the tray of water, the water was equally attracted to all sides of the cup.  Using this information and your data from adding the drop of dish soap, what affect does soap have on the surface tension of water?

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

4.
Why do you think you were instructed to lay the needle/paper clip on the prongs of a fork when trying to get it to float instead of just putting it on directly?

___________________________________________________________

___________________________________________________________

___________________________________________________________

5.
Is there a correlation of how much water a paper towel can absorb and the strength of the paper towel?  Explain carefully.

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

___________________________________________________________

Physical Characteristics of Water

Pre-Lab Discussion:

At this point in your science career you should be familiar with the scientific method, which is simply a systematic approach to solving a problem.  And while there is no one exact scientific method that will work in every science experiment, most investigations are guided by a series of well thought out questions:


1.
What is it that we are trying to accomplish?


2.
What do we already know that is related to what we are trying



to accomplish (this often comes in forming a hypothesis).


3.
What procedures will need to be accomplished to answer the



question?


4.
What are the results of the procedure/investigation?


5.
What conclusions can be drawn and what are the values of these



conclusions?

The whole purpose of asking questions is to make sure that there is a thorough, organized method to help us find a solution.  Again, the questions don’t always have to be followed in this sequence.

It needs to be stated that even though you may have a great set of questions you use to guide your experiment, when you are all done you may not have enough information to solve the problem.  Often times in doing experiments more questions come up from your work.  Investigations are usually ongoing and often lead to different, sometimes “better” questions that will need to be answered.

