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Content objectives: “Know and do” for matter

At the end of this set of activities,

participants should know:

• one of the most important ideas of science is the particle model of matter

• the particle model of matter has evolved partly from scientific  observations and partly from how scientists interpret their observations

• matter is composed of particles called molecules and atoms

• our ability to smell and the observation of evaporation are both consistent with the particle model of matter

• AFM (atomic force microscopy) and STM (scanning tunneling microscopy) are two techniques used to create images of atoms.

Grade 3 Physical Sciences

h. all matter is made of small particles called atoms, too small to see with our eyes

Grade 5 Physical Sciences

b. all matter is made of atoms, which may combine to form molecules.

e. scientists have developed instruments that can create images of atoms and molecules showing that they are discrete and often occur in well ordered arrays.

Grade 8 Physical Sciences

a. the structure of the atom and how it is composed of protons, neutrons and electrons.

participants should be able to:

• use the particle nature of matter to explain evaporation and how we are able to smell things

• describe both “low tech” and “high tech” evidence of the particle nature of matter

Grade 4 Investigation and experimentation

a. differentiate observation from inference (interpretation), and know that scientists’ explanations come partly from what they observe and partly from how they interpret their observations.

Matter

What is matter composed of and how do we know this?

Into: Start your thinking

Activity A. Introduction and probing for prior knowledge

One of the most important ideas of science is the particle model of matter.  It took thousands of scientists hundreds of years to construct the current model of matter and we are still working on it!  The difficulty in developing this model is that we cannot directly observe, i.e. see, hear, or feel the small particles that we propose constitute matter.

This inability to directly observe the particles of matter supports the common misconception that matter is continuous.  For example, most objects like your textbook appear to be “solid” rather than composed of discrete pieces.  In studies of elementary to university students, over half of the students held beliefs that suggested that matter was a continuous medium, rather than composed of small particles. 

The particle model of matter has evolved partly from scientific observations and partly from how scientists interpret their observations.

1. To document what your thinking is now, draw in detail a submicroscopic picture of the “matter” that makes up an item you are eating for dinner this evening.

2. What evidence can you list to support your drawing?  For example if you drew atoms or molecules (or any of their constituent parts), what scientific evidence can you list to support the existence of atom or molecules?

“Through” observation and inference*

” Low tech” evidence of the particle nature of matter

* The activities of this section are from the “Chemistry 106 Student Activity Manual”, Paradis, Sparks, Smith.  

Activity B: Disappearing Alcohol

1. Take a cotton ball and dampen it with alcohol so that it is wet but not dripping.  Drag the cotton ball across a piece of paper to make a wet streak about one foot long.

2. Write down and sketch what you observe.  Be sure to use all of your senses to make the observation.

3. Write a statement and draw a diagram that describes what is occurring on a submicroscopic level.  Your response should be consistent with both your observations and with the idea that matter is made up of particles that are too small to see.  

4. Since many students consider matter to be a continuous medium rather than an aggregation of particles how might the Disappearing alcohol look if the alcohol was made up of one continuous medium?

5. Examine the responses you have made above and indicate which are observations and which are inferences or interpretations of your observations.

Activity C - option 1 - Mystery Crystals

1. Fill the graduated cylinder with fresh water.  Let it sit for a minute so any air bubbles may rise and the solution is clear.  Prop a piece of white paper up behind the graduated cylinder so it will be easier to make your observations.  Get some Kool-Aid crystals on the end of straw or stir stick (no more than the size of a pencil eraser.  Drop the crystals into the center of the water in the graduated cylinder.  Do NOT stir.

1. Draw and describe what you see (your macroscopic observation).

2. What do you think is happening on the submicroscopic level?  Use particle model of matter to make a sketch and describe what you think is happening.

3. Examine the responses you have made above and indicate which are observations and which are inferences or interpretations of your observations.
Activity C -option 2 - Hot and Cold water

Directions:

1. Obtain two empty clear plastic water bottles and a dropper of blue food coloring

2. Carefully fill one water bottle with ice cold water (make sure there are no ice cubes in the bottle) and fill the other with very hot water.

3. Let the water settle a bit in the bottles and prop a piece of white paper behind each bottle to improve your observations.

4. Carefully place one drop of blue food coloring in each bottle.

Questions:

1. Draw and describe what you see.

2. What do you think is happening on the submicroscopic level?  Use the particle model to make a sketch and describe what you think is happening in each of the bottles.

3.Examine the responses you have made above and indicate which are observations and which are inferences or interpretations of your observations.

Option 3. Mixing Liquids: 20 + 20 = 40?

1. Pour approximately 20.0 ml of water (colored blue) into one graduated cylinder and approximately 20.0 ml of alcohol (colored yellow) into the other graduated cylinder.  Record the volumes of each liquid.  Pour the water into the alcohol so none is lost and stir carefully to mix the two liquids.  Record the volume and color of the mixture.  When you are done, pour the “water + alcohol” in the chemical waste container.

2. Carefully record your observations:

3, What is unusual about your observations?  

4. Write down at least 3 possible explanations for your observations.  

5. Select one possible explanation and describe how you would go about testing it. 

Option 3 explanation. Constructing an analogy or physical model for Mixing Liquids

1. Since we cannot see the water and alcohol molecules mixing in the graduated cylinder, it is difficult to envision how the molecules might fit together.  Think about how you might design a macroscopic model and demonstration to visually show how two substances of 20 ml volume might combine to form less than 40 ml of volume.  Draw and explain your analogy or model.

2. Describe one feature of your analogy that accurately describes what happens when the alcohol and water are mixed.

3. All analogies and models have limitations.  Describe one feature of the water and alcohol mixture that is not accurately represented.

Beyond: Testing your understanding

Activity F: Assessment

1. A few drops of a liquid with a familiar odor have been put in a balloon.  Carefully pick up the balloon and smell it.

2. Record your observations:

3. Representation: Draw and label a sub-microscopic (particulate) representation that is consistent with your observations.

4. Question:

Imagine you repeat this experiment with a Mylar balloon.  Predict what you think will happen and explain the basis for your prediction.

Models and “pictures of atoms

The idea of atoms and molecules are part of an abstract model that has been constructed both by observation and inference.

Into: What do we know so far

Activity A. Minilecture: What is the particle model of matter?

All models including the scientific model of matter have explanatory and predictive value as well as limitations.  

The model we will use for matter is based on the ideas:

I. Matter is made of small particles called atoms and molecules

II. Atoms can combine to form molecules

Q1. Atoms are made up of :

i)

ii)

iii)

Q2 Two models of what atoms might look like are:

Classical planetary model




Electron Cloud model

Through: observation and inference*

” High tech” evidence of the particle nature of matter

* The activities of this section are adapted from the “Chemistry 106 Student Activity Manual”, Paradis, Sparks, Smith
Activity B: Minilecture: How can we “see” the particles of matter?

The particles of matter, molecules and atoms, are so small that we cannot see them even with the most powerful microscope.  However technology has provided a way for us to visualize them.  There are two types of technology that allow us to construct images of atoms, Scanning Tunneling Microscopy (STM) and Atomic Force Microscopy (AFM).  Images from these technologies are shown below:

	An STM image of the surface of graphite (carbon).

  The x and y axis indicate a length of 0.000000004 m or 4 nanometers

J. Paradis, CSUS Chemistry
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	A color enhanced STM image of 48 iron atoms arranged in a circle on copper.  The rings are a pattern made by the electron clouds of the iron atoms.

M.F. Crommie, C.P. Lutz, D.M. Eigler. Confinement of electrons to quantum corrals on a metal surface. Science 262, 218-220 (1993)
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