Packed Up Properties

Background:  Physical properties of matter can be observed without changing the identity of a substance.  Chemical properties of matter result in chemical reactions and changes in the identity of one or more reactants. (Joesten, Castellion, & Hogg.  The World of Chemistry Essentials.  Belmont: Thompson Higher Education, 2007).  For this lesson, the focus will be on physical properties of matter.  Additionally, we have added new “green” properties.
Goal:  Students will investigate the physical the properties of matter for unknown and known substances. 

Objectives:  Students will:

· Make observations about mystery items in a box
· Complete water displacement & use math formulas to determine volume
· Take the mass of various materials using a balance

· Calculate density

· Complete conductivity, solubility, absorption experiments

· Make observations about known materials
· Record data on a chart

Materials 
· 16 mystery boxes (anything opaque will work!)
· 4 containing plastic

· 4 containing paper

· 4 containing aluminium
· 4 containing glass

· Conductivity experiment station

· 4 energy balls

· 4 small plastic bottles

· 4 pieces of a note card
· 4 aluminium pieces (washers, foil, etc)

· 4 glass marbles

· Water solubility station
· 4 Erlenmeyer flasks

· Water (at least 400 ml)

· 4 graduated cylinders (at least 25 ml)

· 4 small pieces of plastic

· 4 pieces of a note card
· 4 aluminium pieces (washers, etc)

· 4 glass marbles
· 4 stopwatches
· Water absorption station
· 4 pipettes

· 4 cups of water (approximately 20 ml)

· 4 small pieces of plastic

· 16 pieces of a notebook paper
· 4 aluminium pieces (washers, etc)

· 4 glass pieces (slides work well)
· 4 stopwatches
· Paper towels

· Paper recycle bin
· Density Station
· 4 balances

· 4 graduated cylinders (at least 20 ml)

· Water (at least 100 ml)

· 16 pieces of note cards
· 4 aluminium pieces (washers, etc)

· 4 glass pieces (marbles work well)

· 4 pieces of plastic (travel size container lids work well)
· Paper towels

· Paper recycle bin
· 4 rulers
· Observation station

· 4 unused plastic bottles

· 4 pieces of unbleached paper (paper towels are easy to find)

· 4 unused or well cleaned glass bottles or glass slides
· 4 well cleaned aluminium cans
· Hardness station

· 4 pieces of chalk

· 4 coins
· 4 tiles (use the back, unglazed side)

· 4 aluminium cans

· 4 glass pieces (glass slides work well)

· 4 plastic containers

· 16 pieces of note cards
· 1 plastic bottle

· 1 aluminium bottle (or a picture if you can’t find one)

· 1 glass bottle

· 1 paper bottle (check Xela Pack website for picture)

· 32 copies of Packed Up Properties Student Data Table
· 32 copies of Packed Up Properties – All Bottled Up Questions

· 32 copies of Packed Up Properties Density Instructions
· 32 copies of Packed Up Properties Hardness Instructions

· 5 copies of instructions for each station
Time Required:  2 class periods
Prescribed Focus Area:

· 4.2 the nature and practice of science

· 4.3 the applications and uses of science
· 4.4 the implications of science for society and the environment
Green Chemistry Principles Addressed: 

· Use of Renewable Feedstocks.  Use raw materials and feedstocks that are renewable.  Renewable feedstocks = farm products or the wastes of other processes; depleting feedstocks = fossil fuels (petroleum, natural gas, or coal) or are mined.
Procedure: 

IN CLASS

· Tell students that they will be determining the physical properties of matter of several mystery materials.

· Show them the “mystery boxes” and explain that the mystery materials are inside.  They may manipulate the box in any way, but they may not damage nor open the box.
· Have students get out a sheet of notebook paper and divide it into 4 parts.  Number 1-4 in the upper left-hand corner of each section.
· Explain to students that they will be making a list of any observations about the material in each mystery box.
· They will have 2 minutes to observe and record.
· Give the boxes to the students, and start the timer.
· Collect the boxes.
· Ask students to share some of their observations.
· On the board start generating a list of physical properties.
· Give students the definition of physical properties:
· Physical properties of matter can be observed without changing the identity of a substance.
· Explain that they will be conducting experiments about the physical properties of matter on materials they might use to house their shampoos.
· Go to each station as you explain the different tests.
· Assign pairs of students different stations (you should have approximately 4 pairs at each station).
· Give them the hand-outs.
· Allow students about 5 minutes at each station.  Rotate.
· After all students rotate through the stations, have them return to their seats with their data tables.
· Show students a glass bottle, plastic bottle, an aluminium bottle, and a paper bottle.

· Using the think, pair, share strategy to have students consider the questions at the bottom of their data tables.
· At the end of class, collect their data tables.
Packed Up Properties

Conductivity - The ability of a substance to allow the flow of energy or electricity. 

1.  Pick up the energy ball
2. Touch a finger to one metal tab.  Pick up the aluminium can and hold it to the other tab on the energy ball.  If the light flashes and the ball makes a sound, it carries an electrical current.  If it doesn’t light up or make sound, it does not.

3. Repeat the process with the plastic, can, and glass to determine the conductivity of each.

4. Mark your findings on the data table.

Water Solubility – the extent to which a material can be dissolved in water
1. Place 25 ml of water all 4 Erlenmeyer flasks

2. Place one material in each flask (the paper in one, the plastic in another, etc)

3. Vigorously swirl each flask for 1 minute

4. Evaluate the material’s water solubility

5. Record your findings on the data table

Water Absorption – water becomes part of the material
1.  Line up the four materials you are testing
2. Using the pipette, place 2 drops of water on each substance
3. Set timer for 2 minutes
4. Once time is up, make observations about each material’s ability to absorb water
Wipe the water off of each item and recycle the paper

5. Packed Up Properties Density Instructions
Density

Aluminium, Glass, Plastic

1. Using the balance, find the mass for each of the materials.  Note the mass of each in the chart below.

2. Pour 20 ml of water in the graduated cylinder

3. Carefully drop the aluminium piece into the cylinder of water

4. Determine the amount the water level increased.  For example, if the water is at 30 ml, it increased 10 ml.

5. This is your volume. 

6. Repeat this process for each material and note the volume for each in the chart below.

7. D=M/V   (Density = mass divided by volume)

8. Pour the water out of the graduated cylinder into its original container.

9. Dry off the materials and recycle the note card piece.

	
	mass
	volume
	density

	aluminium
	
	
	

	glass
	
	
	

	plastic
	
	
	


Paper

1.  Use the balance to find the mass of the stack of paper.  

2. Use a ruler to calculate the volume of the stack of paper (L x W x H)
3. Calculate the density using the formula

Mass _____________
Volume_______________  Density________________
Packed Up Properties

Observations:

Color:  Describe the natural color of the material.
Odor:  Sniff the item (without touching it to your nose!) and describe any smell the material has.
State of Matter:  Is the material a liquid, a solid, or a gas?

Hardness

How hard is each material?  These are hardness factors for common objects.

	chalk
	<1

	fingernail 
	<2½

	copper penny 
	<3

	ceramic tile (unglazed)
	<7


1. Try to scratch each material with the substance listed in the chart
· Start with the chalk, then your fingernail, next with a copper penny, and finally with the tile

2.  Record what happened by placing an X in the chart where the material was scratched

3. Once the material has been scratched, stop and move onto the next material.

4. When finished, record the final hardness number in your data table

5. Recycle the note card

	
	chalk

<1
	fingernail

<2 ½
	copper penny

<3
	ceramic tile (unglazed)

<7

	aluminium
	
	
	
	

	glass
	
	
	
	

	paper
	
	
	
	

	plastic
	
	
	
	


Packed Up Properties

Environmental Impacts

Read the information in the chart below.  In your data table, give each material a ratio of ( to (
	
	Air Quality
	Water Quality
	Land Quality
	Biodiversity

	Aluminium
	( Greenhouse gas emissions

( Acid rain
	( Creates acidified lakes on rare occasion when soil pH is below 5 
	( Damages root systems on rare occasions when soil pH is below 5

( Mined bauxite ore

( Recycling only uses 5% of energy required to extract

( Repeated recycling doesn’t affect quality

( over 50% is recycled back into cans
	( Does not bio-accumulate in plants & animals



	Glass
	( Greenhouse gas emissions

( Nitrous oxide & sulfur oxide released
( Noise pollution can reach 106 decibels
	( Sometimes releases water with oil in it

	( Mined silica
( 20% is recycled back into bottles

( 100% recyclable

( Repeated recycling doesn’t affect quality
	( Noise impacts animal habitat


	Paper
	( Chlorine released
( 4th largest emissions of greenhouse gas
	( Requires lots of water to make it
( Sometimes releases water with chlorine in it


	( Replant trees
( Renewable resource

( 45% recycled back into paper
( Forests can be sustainably managed
	( Removal of trees lessens animal habitat
( Forests can be sustainably managed

	Plastic
	( toxic fumes when burned

( large amount of chemical pollutants to make it

	( microscopic pieces are collecting in large quantities in the ocean
	( 0% is recycled back into bottles
( non-renewable resource

( degrades slowly

( uses large amounts of fossil fuels to create it

( light substance uses less fuel to transport
	( animals mistake small plastic pieces for food


Efficacy

Make a list of the pros and cons of using each material for your shampoo bottle.  Consider how well it will work in the shower.  For each pro, assign a (.  For each con, assign a (.  On your data table, write in your ( to ( ratio. 

Packed Up Properties Data Table
	
	Aluminium
	Glass
	Paper
	Plastic

	Conductivity
	
	
	
	

	Water solubility
	
	
	
	

	Water absorption
	
	
	
	

	Density
	
	
	
	

	Color
	
	
	
	

	Odor
	
	
	
	

	State of Matter

(solid, liquid, gas)
	
	
	
	

	Hardness
	
	
	
	

	Renewable 
	
	
	
	

	Efficacy
	(          : (
	(          : (
	(          : (
	(          : (


	Impact on environment
	(          : (
	(          : (
	(          : (
	(          : (


Packed Up Properties - All Bottled Up Questions

You need to choose 1 material or a combination of materials to hold your shampoo.  Using the data table and personal experiences, answer the following questions:

1.  Which properties of matter should you use to consider when choosing your shampoo bottle?  For each one, briefly explain why it is important.
2. Which properties of matter are irrelevant to choosing your shampoo bottle?  For each one, briefly explain why it is not important.

3. Which material or combination of materials will you use for your bottle?  Which properties make this a good choice?  What personal experiences have you had that lead you to this decision?

Packed Up Properties Data Table – Teacher Key

	
	Aluminium
	Glass
	Paper
	Plastic

	Conductivity
	yes
	no
	no
	no

	Water solubility
	no
	no
	no
	no

	Water absorption
	no
	no
	yes
	no

	Density
	
	
	
	

	Color
	Shiny, metallic, silver
	Clear, vitreous
	Light brown, dull
	Milky white, dull

	Odor
	metallic
	none
	woodsy
	new car smell

	State of Matter

(solid, liquid, gas)
	solid
	solid
	solid
	solid

	Renewable 
	Non-renewable
	Non-renewable
	Renewable
	Non-renewable

	Hardness
	< 3
	<7
	<2 ½
	<2 ½



	Efficacy
	(          : (
Answers will vary!
	(          : (
	(          : (
	(          : (


	Impact on environment
	(5 : (4
	(6 : (3
	(5  : (5
	(8  :  (1
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