Physical Science
Science

Module

PS-3.2
Properties and Classification         

Of Matter

Lesson A-C

Instructional Progression: 

Students have not been introduced to this topic in any previous grade. Distinguishing between organic and inorganic substances is a foundation for an understanding of two major areas of chemistry.
Taxonomy level of indicator:

2.5-B Understanding Conceptual Knowledge
Key Concepts:

Organic substances: biological molecules - protein, carbohydrate, lipid; hydrocarbons - polymers

Inorganic substances

Content Overview

It is essential for students to be able to
· Select the best substance for a particular function when given a list of the substances’ chemical and physical properties.

· Understand that all organic substances are compounds that contain carbon, and that inorganic substances are elements or compounds (that do not necessarily contain carbon).

Organic Substances

· Understand that the functions of substances are dictated by their properties. Recall the names of selected types of organic biological molecules and summarize how their functions in organisms are dictated by their chemical properties. Examples include:

Protein molecules are long chains of small units (amino acid monomers) that are arranged in various configurations so they can form a wide variety of molecules. Proteins serve many varied functions in living organisms such as catalysts (enzymes) and tissue building.

Carbohydrate molecules (sugars and starches) provide organisms with energy when they break down into smaller molecules.

Lipid molecules (fats and oils) are good sources of stored energy because lipids produce more energy per gram than carbohydrates.

· Recall that hydrocarbons are a class of organic molecules composed of the elements carbon and hydrogen. Carbon and hydrogen can combine to make thousands of different hydrocarbon compounds.

Recognize that many hydrocarbons are combustible so they are used for fuel, including gasoline, kerosene, jet fuel, and diesel oil.

Recognize that many hydrocarbons form long chain molecules called polymers so they are used to make plastics and synthetic fibers.

Inorganic Substances

· Recognize potential uses of inorganic substances when given the properties of the substance.

Examples include:

Copper is ductile and conducts electricity, so it is used in wiring.

Aluminum has a low density compared to substances with similar strength, so it is used in making airplanes. Water is a good solvent for many compounds, so it is used to wash clothes. Argon is an inert/stable gas that will not react with the filament, so it is used in light bulbs.

Teaching Lesson A
Organic or Inorganic
A Computer Activity
Introduction to the lesson:

Given a lengthy list of chemical materials, the student will choose a number of them as assigned by the teacher, and find a web site to answer the question asked on a worksheet.
Lesson time: 
0.5 days

Materials Needed:

Station 1

Worksheet: list of organic and inorganic materials.
Essential Question:

Can materials be classified as organic or inorganic based on their composition, and their uses inferred from their properties?
Procedure:

Choose 15 of the products listed below. Go to this web site and click on each that you have chosen. Determine what elements are present, how it is used, and classify as to organic or inorganic.

http://pubs.acs.org/cen/whatstuff/stuff.html
	Products
	Elements present
	Use(s)
	Organic or Inorganic
	Used in the Past Week

	Adhesive Tape
	 
	 
	 
	 

	Aircraft Deicers
	 
	 
	 
	 

	Amber
	 
	 
	 
	 

	Artificial Snow
	 
	 
	 
	 

	Artificial Sweeteners
	 
	 
	 
	 

	Asphalt
	 
	 
	 
	 

	Baseballs
	 
	 
	 
	 

	Beer
	 
	 
	 
	 

	Bug Sprays
	 
	 
	 
	 

	Catnip
	 
	 
	 
	 

	Cement
	 
	 
	 
	 

	Champagne 
	 
	 
	 
	 

	Cheese Whiz
	 
	 
	 
	 

	Chewing Gum
	 
	 
	 
	 

	Chicken Eggs
	 
	 
	 
	 

	Chili peppers
	 
	 
	 
	 

	Chocolate
	 
	 
	 
	 

	Citronella Oil
	 
	 
	 
	 

	Contact Lenses
	 
	 
	 
	 

	Erasers
	 
	 
	 
	 

	Excipients
	 
	 
	 
	 

	Fireworks
	 
	 
	 
	 

	Fluoride
	 
	 
	 
	 

	Food Coloring
	 
	 
	 
	 

	Food Preservatives
	 
	 
	 
	 

	Gasoline
	 
	 
	 
	 

	Glass
	 
	 
	 
	 

	Golf Balls
	 
	 
	 
	 

	Hair Coloring
	 
	 
	 
	 

	Henna
	 
	 
	 
	 

	Honey
	 
	 
	 
	 

	Ice Cream
	 
	 
	 
	 

	Ink
	 
	 
	 
	 

	JELL-O
	 
	 
	 
	 

	Kava
	 
	 
	 
	 

	Kitty Litter
	 
	 
	 
	 

	Lava Lamps
	 
	 
	 
	 

	Licorice
	 
	 
	 
	 

	Lightsticks
	 
	 
	 
	 

	Lipstick
	 
	 
	 
	 

	Lycra/Spandex
	 
	 
	 
	 

	Margarine
	 
	 
	 
	 

	Marshmallow
	 
	 
	 
	 

	Motor Oil
	 
	 
	 
	 

	MSG
	 
	 
	 
	 

	New Car Smell
	 
	 
	 
	 

	Oil Paints
	 
	 
	 
	 

	Opal
	 
	 
	 
	 

	Paper
	 
	 
	 
	 

	Pasteurized Foods
	 
	 
	 
	 

	Pencils & Pencil lead
	 
	 
	 
	 

	Plastic Bags
	 
	 
	 
	 

	Polyurethane Foam
	 
	 
	 
	 

	Pool Chemicals
	 
	 
	 
	 

	Raincoats
	 
	 
	 
	 

	Sandpaper
	 
	 
	 
	 

	Self-Tanners
	 
	 
	 
	 

	Shampoo
	 
	 
	 
	 

	Shower Cleaners
	 
	 
	 
	 

	Silly Putty
	 
	 
	 
	 

	Soap Bubbles
	 
	 
	 
	 

	Sticky Notes
	 
	 
	 
	 

	Sunscreens
	 
	 
	 
	 

	Tattoo Ink
	 
	 
	 
	 

	Teeth Whiteners
	 
	 
	 
	 

	Whisky
	 
	 
	 
	 


Assessing the lesson:
Formative Assessment

Completion of worksheet and the following questions.

1. What element is common to all the organics?
2. How many of the products had only a single use?

3. Make a general statement about the uses of organic compounds.

4. Did any of the research contain any surprises? Explain.

5. How many of the products listed have you used in the past week? Check in the final column of the data table.

Teaching Lesson B        
Modeling Polymers

Introduction to the Lesson:
This activity focuses on the unusual properties of carbon and shows how it is able to combine with itself and with other elements to form a vast number of organic compounds.

Lesson Time:

0.5 day

Materials Needed:

Paper Clips (20 or more), Elmer’s Glue, Tide Detergent (Powdered),

 Paper Towels, Measuring spoons, water, small plastic cups, straws or spoons for stirring.
Essential Question:

How can simple materials be used to demonstrate how so many organic compounds can be produced, all of which contain the element carbon?

Procedure: 

To make a model of a linear polymer, connect some paper clips together, end-to-end in a straight chain, like this: 
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Each paper clip represents a monomer, and the chain of paper clips is a model for a polymer. You can attach as many paper clips together as you want, because theoretically the number of monomer units that join to make a polymer chain is infinite. In reality, the number of monomer units in a polymer commonly ranges from 1,000 to 10,000 or more. (This corresponds to typical molecular weights of 14,000 to 500,000 grams per mole.) 


 Microwaveable food containers, Dacron carpets and Kevlar ropes are examples of products made with linear polymers. 

1.     Soft, flexible shampoo bottles and milk jugs are examples of products generally made using branched polymers. To find some other examples, look on food containers and other plastics for the LDPE (low-density polyethylene) mark. 

2.    To make a model of a branched polymer, connect some paper clips end-to-end exactly as you did to make a straight-chain polymer. Then, attach a couple of paper clips to any of the paper clips that are not at the ends of the long chain, so that it looks something like this: 
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Car tires and bowling balls are two examples of products composed of cross-linked polymers. To make a model of a cross-linked polymer, make several (at least three) branched chains just like you did above, and lay them out next to each other. Then, connect some of the paper-clip branches from one chain to the branches of another chain. You can repeat this with as many branches and chains as you have, until they are all linked together. Your finished cross-linked polymer may look something like this: 

Assessing the Lesson:
Student models should be evaluated to evaluate understanding of the concept.

Teaching Lesson C       
Goop To Go

Introduction to the Lesson:

By combining several materials, such as Elmer’s Glue, Tide and liquid starch, it is possible to make a number of different polymers, each with its own properties.

Lesson Time:

0.5 day

Materials Needed:

Elmer's glue
Tide powdered laundry detergent
Liquid starch (not aerosol can) 
Paper towels
Measuring spoons
Water
Small plastic cups
Straws or spoons for stirring Polymer I
Essential Question:

How can a variety of polymers be produced using simple household chemicals?

Procedure:

Polymer 1

1.
Place 1 teaspoon of Elmer's glue and 1 teaspoon of water into a small cup.  Stir to mix.

2.
Place 1 teaspoon of Tide powdered laundry detergent into a different small cup.  Add 1 tablespoon of water.  Stir to mix.

3. 
While stirring the glue-water solution with a straw, your partner should slowly add the Tide-Water solution until a white glob forms in the cup.  (This may take between half and all of the detergent solution.)

4.
 Remove the glob and place it between two paper towels. Press down gently to soak up some of the excess liquid.  Pick up the glob and see what it feels like.  Does it stretch, wiggle, or bounce?  Can it be molded?

Polymer II 

1. Place 1 teaspoon of Elmer's glue into a small cup.  

2. While stirring with a straw, your partner should slowly add liquid starch until a white glob forms in the cup.  (This will probably take between 2 and 3 tablespoons of liquid starch.)  
3. Remove the glob and place it on a paper towel.  What do you notice about this polymer compared to the first one you made?  Take it off the paper towel and move it between your hands.  

Extension:
You can make a third polymer by adding Elmer's glue, Tide detergent, water, and liquid starch.  See if you can come up with a combination that makes a polymer that has characteristics somewhere between Polymer I and Polymer II.  Try making other polymers by changing the quantities of the ingredients.  Which characteristics do you like?

Assessing the Lesson:

The products of the students will be evidence of their understanding the concept of polymerization.
Assessment 1

Summative Assessment
Organic or Inorganic:  A Worksheet
Fill in the following table of organic and inorganic compounds and answer the questions that follow:
	Substance
	Formula
	Organic or Inorganic
	Use

	Octane
	C8 H18
	
	

	Starch
	(C6 H 10 O5 )n
	
	

	Steel
	Fe
	
	

	Butane
	C4 H10
	
	

	Baking Soda
	NaHCO3
	
	

	Olive Oil
	C18 H34 O2
	
	

	Methane
	C H4
	
	

	Vaseline
	C20 H42
	
	

	Neon
	Ne
	
	

	Sodium
	Na
	
	

	Lactose (milk)
	C12 H 22 O11
	
	

	Ethyl alcohol
	C2 H5 OH
	
	

	Steroid
	C27 H 46
	
	

	Hydrogen peroxide
	H2O2
	
	

	Propane
	C3 H  8
	
	

	Glycerin
	C3H8O3
	
	

	Fructose (fruit)
	C6H12O6
	
	

	Aluminum
	Al
	
	

	Ammonia
	NH3
	
	

	Wax
	C25H52
	
	

	Sodium Chloride
	NaCl
	
	

	Isopropyl alcohol
	C3H7OH
	
	

	Sand
	SiO2
	
	

	Sucrose
	C12H22O11
	
	

	Water
	H2O
	
	

	Canola oil
	C18H30O2
	
	

	Cellulose (wood)
	(C6H10O5 )n
	
	

	Drano
	KOH
	
	

	Glucose
	C6H12O6
	
	


Questions:
1.
What element do all organic compounds have in common?  (C)
2.
What is the most common use for most of the lightweight organic compounds (fewer than 10 carbon atoms)? (fuel)

3.
Can you infer from their formulas which seem more complex, inorganic or organic compounds? Give some examples to defend your answer. (organic = many more elements, some with same formula)

4.
How does the composition of organic foods compare to the composition of organic fuels? Explain. (Former tested foods contain C, H. and O; fuels only C and H).
Assessment 2

EOC Type Questions

1. 
Which statement explains why the element carbon forms so many compounds?
A.
Carbon atoms combine readily with oxygen.

B.
Carbon atoms have a high electronegativity.

C.
Carbon readily forms bonds with other carbon atoms,

D.
Carbon readily forms covalent bonds with other carbon atoms.
2.
Which element is present in all organic compounds?

A.
nitrogen

B.
carbon 

C.
oxygen

D.
phosphorous

3.
 Polymers are made up of long chains of carbon atoms made up of individual units called:

A.
ethylene

B
chains
C.
monomers

D.
styrene

4.
Which of the following is NOT an example of an organic compound?

A.
gasoline

B.
paper

C.
glass

D.
polyethylene
5.
Which of the following type of polymer would be used to make soft, flexible shampoo bottle?

A.
linear 

B.
branched

C.
cross- linked

D. 
both linear and branched

Answers

1. D

2. B
3. C

4. C

5. B
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Infer the practical applications of organic and inorganic substances on the basis of their chemical and physical properties.
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