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Topics covered in this lab:

· Particulate Nature of Matter

· Atoms
· The States of Matter

· Different Kinds of Atoms

Experiment 1:  Can You Study What You Can’t See?
Materials:

· Perfume Bottle

· Mystery Box (with tubes and marbles)
Physicists and Chemists often have to undertake scientific investigations on things that they can’t see. How do they do it?  Today you will have the chance to investigate something you can’t see and use your other senses to give you information.

Your instructor is going to spray some perfume into the corner of the room. What do you think will happen?  Think about some ideas and jot them down below.

Now let’s get an idea of the perfume’s movement.  After about a minute, and again after about two minutes, the instructor will ask for a show of hands from those who can smell the perfume and will ask those people how strong the smell is.  Use this information to draw a diagram of where the scent is in the boxes below.  Using the 1 minute and 2 minute pictures, guess what you think the distribution will look like in an hour.
PERFUME DISTRIBUTION IN CLASSROOM
	after 1 minute
	after 2 minutes
	MUCH LATER (predict)

	front of room

	front of room
	front of room


Check with your instructor and see if you’re on the right track. How does this relate to investigating something without seeing it?  More specifically, even though you can’t see the perfume in the air, how do you know it’s there?

How do you think the perfume was able to move from the corner of the room to your nose? What is actually moving? 

Can you make an analogy between the movement of the smell and movement of any normal “visible” things you encounter in everyday life? 
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Discuss your answers as a class.
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The next task is to determine the shape of something you can’t see.  Your instructor will give you a mystery box (a closed box with an object inside of it and slots along the bottom), as well as a bowl of marbles.  Do not look into the box! What is the number written on top of your box?

Without opening the box, can you think of a way to find out the shape of the object inside?  Describe your method below, and ask the instructor to see if you are on the right track.
Use your method to investigate the mystery box.  
Once you think you might know the shape inside 
looks like, draw it in the space on the right.
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There are a total of six mystery boxes on tables around the room, but 
only one of the others contains a shape inside that is the same as yours.  Experiment with the other boxes and find the number of the one that matches yours. How many different shapes are there?
Now that you have investigated the other boxes, do you wish to change your guess for the shape that is inside yours?
Stop and talk to your instructor.

As a class, discuss similarities between these small activities and the way scientists might study things like atoms?

Experiment 2: States of Matter
Materials:

· Three balloons.
· A rubber ball.

· A syringe and a cup of water
You will each make three balloons having about the same size. One will contain a solid, one a liquid, and one a gas (air). 
· You should make the “solid” by inserting a rubber ball into one of the balloons. 

· You should make the “liquid” by putting water into one of the balloons and then tying the end. The easiest way to do this is to place the end of the balloon over the faucet. Make sure that the liquid balloon is about the same size as the solid balloon before you tie the end shut. 

· You should make the “gas” balloon by blowing some air into it. Make sure that the gas balloon is about the same size as the solid balloon before you tie the end shut.

Experiment with the three balloons by squeezing and manipulating them.  How are they different (shape, weight, size, feel, etc)?  Record your observations in the table below.
	BALLOON containing a solid

	

	BALLOON CONTAINING A LIQUID


	

	BALLOON CONTAINING A GAS


	


You will also be provided with a syringe and a cup of water. You will use the syringe to further investigate the difference between liquids and gases by filling it half full of air and then half full of water and in both cases pulling and pushing on the plunger while you hold your finger over the other end to keep the air (or water) from escaping. Record your observations in the table below.

	SYRINGE CONTAINING A LIQUID


	

	SYRINGE CONTAINING A GAS


	


Before starting the following exercise, ask your TA to come and have a look at the work you have done filling out the tables for the balloons and the syringes.

We have been told that everything is made of tiny pieces called atoms.  For the following thought exercise, let’s assume this idea is correct, and that all atoms of a certain kind have the same size and weight (like tiny balls). Can you think of ways that the idea of atoms can be used to explain all of the observations you made on the previous page?  Make some notes here and then we will discuss this as a class.
Imagine that you could zoom in on the solid, the liquid, and the gas with a very strong microscope that would allow you to see the atoms in each as though you were looking at little balls. How do you think each would look? How would they be different?  
In the boxes below, draw your version of these “microscopic pictures”.

	SOLID
	LIQUID
	GAS

	
	
	


When you are done, discuss your pictures as a class.

Experiment 3:  Cornstarch and Water
Materials:

· Cornstarch

· Water
· Tablespoon

· Styrofoam cup
· Popsicle stick

You are about to make some really strange stuff.  Start by putting 3 tablespoons of water into your cup. Now add 5 tablespoons of cornstarch, one tablespoon at a time, stirring each one into the water with the popsicle stick before adding the next. You may start to notice something a bit strange as you stir in the 5th tablespoon. 

Finally – add a 6th tablespoon of cornstarch.

Try stirring the mixture extremely slowly and then try stirring it faster. Describe what you observe.

Try pulling the popsicle stick out of the mixture very slowly and then try pulling it out quickly. Describe what you observe.

Try using your finger instead of the popsicle stick and describe how it feels.


Is this mixture a liquid or a solid? Justify your answer.

Experiment 4: The size of atoms & molecules
Materials:

· Long skinny balloons
· Liquid Nitrogen
· Some thinking
Start by blowing up one of the long skinny balloons.
Next, you need to estimate how many atoms are in the balloon. Your instructor will show the whole class how to do this on the blackboard – it’s actually pretty simple. Write that number in box A and make any notes you want to keep to remind you how you arrived at that number in the space below.


Dip the balloon in Liquid Nitrogen until most of the gas in the balloon has liquefied and can be seen sloshing around in the bottom of the balloon. Estimate how many tablespoons of liquid the gas turned into. Write that number in box B.

A tablespoon is the same volume as about 15 cubic centimeters. Use this fact to figure out about how many cubic centimeters of liquid you have. 
Now figure out how many atoms are in a cubic centimeter of liquid. You can do this by dividing the number atoms (box A) by the number of cubic centimeters (box C). Write the answer in box D.
Imagine each atom as a little ball and that these balls are all arranged in a neat cube as shown. If we fit 10 balls along the length and 10 atoms along the height and 10 atoms along the width of a cube then the total number of atoms in the cube is 10x10x10 which is 1,000. 

If instead there is some unknown number N along each edge of the cube then the total number is simply NxNxN = N3. 

In our case we know the total number of atoms (box D) so we can solve for N. N is just the cube root of the total number of atoms in the cube. 

Your TA has a calculator and will help you figure out N. 

Write this number in box E.
Since the “cube” we are talking about is a cubic centimeter, the number in box E is simply just the number of atoms that you could lay end to end in 1 centimeter.

Use this fact to figure out the width, in centimeters, of each atom 
(in other words, divide 1 centimeter by the number in box E): 


Congratulations!  You just estimated the size of an atom. 
As a class discuss the approximations and assumptions you
 made along the and why this was OK.
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