SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Seventh Grade Science

	Recommended  Days of Instruction:  7.5
	

	Standard(s) addressed:  7-5

	The student will demonstrate an understanding of the classifications and properties of matter and the changes that matter undergoes. (Physical Science)

	The Chemical Nature of Matter

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	7-5.10 Compare physical changes (including changes in size, shape, and state) to chemical changes that are the result of chemical reactions (including changes in color or temperature and formation of a precipitate or gas).


	SC Science Standards Support Guide

https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
ETV SC Streamline 
http://etv.streamlinesc.org
Solid, Liquid, Gas (6:06) from the series “Matter and Energy” http://player.discoveryeducation.com/index.cfm?guidAssetId=986CF907-44BA-4B41-BC8C-7747CBD9A515&blnFromSearch=1&productcode=US
“Heat and the Changing States of Matter” (1:45) from the series: Exploring: Heat http://player.discoveryeducation.com/index.cfm?guidAssetId=8F426589-DAD8-4BEC-93A2-CCBA82EE1F59&blnFromSearch=1&productcode=US
University of Colorado at Boulder
Computer simulation:  manipulate the different elements in each form from a solid, liquid, or gas. Add or remove heat and watch the phase change. http://phet.colorado.edu/en/simulation/states-of-matter
	See Module 7-5.10.
	From the South Carolina Science Support Documents:

The objective of this indicator is to compare physical changes to chemical changes; therefore, the primary focus of assessment should be to determine how physical and chemical changes are alike and different. However, appropriate assessments should also require students to identify a given change as physical or chemical; exemplify physical and chemical changes; infer whether a physical or chemical change has occurred based on the conditions given; classify changes as chemical or physical based on descriptions given; or summarize the evidences for a chemical change.


Seventh Grade

Science

Module 

7-5.10
The Chemical Nature of Matter
Lessons A-G

From the South Carolina Science Support Documents:

Indicator 7-5.10. Compare physical changes (including changes in size, shape, and state) to chemical changes that are the result of chemical reactions (including changes in color or temperature and formation of a precipitate or gas).

Taxonomy level:
Understand Conceptual Knowledge (2.6-B)

Previous/Future knowledge: Students have not been introduced to the concepts of physical or chemical changes before this grade level. They will further develop the concept of physical and chemical changes in high school Physical Science (PS-4.6).

It is essential for students to know that physical and chemical changes affect substances in different ways.

Physical changes do not change the composition of a substance, only the physical properties.

Evidences of a physical change include:

Change in state of matter

· When a substance changes from one state of matter to another (for example, changing from solid to liquid, from liquid to solid, or from liquid to gas), the composition of the substance remains the same.

· Examples of change in state might include: melting of ice cream, hardening of melted wax, or evaporating of water from wet clothes.

· When a substance changes directly from a gas to a solid (the forming of frost from water vapor) or from a solid to a gas (dry ice, solid air fresheners) that change of state is called sublimation. This is still a physical change because the composition of the substance remains the same.

Change in size or shape

· When a substance changes in size or shape (for example, cutting, tearing, dissolving, stretching, or wrinkling), its composition remains the same.

· Examples of change in size or shape might include: shredding paper, dissolving sugar in water, stretching a rubber band, wadding up a piece of paper, or denting a piece of metal.

Chemical changes result in the formation of one or more new substances with new chemical and physical properties. Evidences that a chemical change may have occurred include:

Color change

· When a substance changes color, the chemical composition of the substance may have changed (for example, iron turns to a reddish-brown when it rusts, clothes change color when bleach is added, apples turn brown when they react with oxygen in the air, or marshmallows turn black when burned).

· It is possible to have a color change without a chemical change (for example, adding food coloring to water).

Temperature change

· When a substance is combined with another substance, there may be an increase or decrease in temperature (for example, when wood burns to ash and gases, the temperature increases.

· It is possible to have a temperature change without a chemical change (for example, warming of the water in a pond).

Formation of a precipitate

1. When two solutions are combined, they may form a solid substance. This solid substance is called a precipitate and indicates that a chemical change has occurred.

2. For example when carbon dioxide is combined with aqueous calcium hydroxide (limewater), solid calcium carbonate (chalk) is formed as the precipitate.

3. The precipitate may be in the form of very small particles, appearing as cloudiness in the solution or as a solid which settles to the bottom of the container.

Formation of a gas

· When solid or liquid substances are combined, they may form gas bubbles.

· The formation of the gas may indicate that a chemical reaction has taken place. For example when vinegar is added to baking soda, it forms carbon dioxide bubbles.

· It is possible to form gas without a chemical change (for example, when water is heated to boiling).

It is not essential for students to identify a reaction as exothermic or endothermic.
Assessment Guidelines:

The objective of this indicator is to compare physical changes to chemical changes; therefore, the primary focus of assessment should be to determine how physical and chemical changes are alike and different. However, appropriate assessments should also require students to identify a given change as physical or chemical; exemplify physical and chemical changes; infer whether a physical or chemical change has occurred based on the conditions given; classify changes as chemical or physical based on descriptions given; or summarize the evidences for a chemical change.

Teaching Indicator 7-5.10: Lesson A – The Chemical Nature of Matter: “Physical Change – Change in State”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Melting / freezing and boiling / condensation are often understood only in terms of water.  Often children incorrectly believe that materials can only exhibit properties of one state of matter.
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  NOTE:  since the materials used during this lesson are not sterile, nothing should be consumed!!
Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed: (per groups of 2)


· Ziploc bags (2) (quart size; freezer quality)

· Thermometer

· Orange juice (or similar liquid) – 50 mL

· Ice – 100 mL

· Rock Salt – 20 g

· Towels or gloves (to protect the hands from freezing while shaking the bags)
· Hand lens

Focus Question:
How can the change in state, a physical change, be an indicator that a chemical change has occurred?

Engage:

1. Using your notebook identify previous examples changes in states of matter, a physical change, that have already been examined.  In addition to what was studied earlier, how do you know this is also evidence of a physical change; specifically a change in state of matter? (Examples may include but are not limited to melting of ice, wax, sucrose, lard, butter from Lesson A SC Indicator 7-5.9; boiling of water from Lesson B SC Indicator 7-5.9)
Explore:
1. So far we have looked at substances being changed from a solid to a liquid or a liquid to a gas by adding heat.  Now, we are going to take heat away and see what happens to the liquid.

2. Add the orange juice to one of the Ziploc bags (BAG 1) and record the initial temperature and physical properties of the contents in your notebook.  Seal well

3. Add ice to the second Ziploc bag (BAG 2) and record initial temperature in your notebook.

4. Carefully put BAG 1 inside of BAG 2 and seal well.  Shake the two bags together.  On a regular basis, record the temperature and physical properties of the liquid inside BAG 1.
5. When the temperature seems to have stabilized, add 20 g rock salt to BAG 2.  Denote on your data record sheet the time this was done and new temperature.

6. Repeat the shaking of the two sealed bags (bag 1 inside of bag 2) and recording of data on a regular basis (temperature and physical properties).  Continue until all of the orange juice has been converted from a liquid to a solid for at least five minutes.
7. What type of change has occurred?  What surprises did you find in your data?
8. What happened to the temperature as the orange juice was being converted from a liquid to a solid? (Answer:  it should have remained the same and then continued to lower after no liquid remained.)
9. Now, remove BAG 1 from BAG 2.  Record the temperature and physical properties of the frozen orange juice.  Using a hand lens should reveal the crystalline structure of the orange juice if handled and examined carefully.
Explain: 

What has happened?  Ice has to absorb energy in order to melt, changing the phase of water from a solid to a liquid. When you use ice to cool the orange juice, the energy is absorbed from the ingredients and from the outside environment (like your hands, if you are holding the baggie of ice!). When you add salt to the ice, it lowers the freezing point of the ice, so even more energy has to be absorbed from the environment in order for the ice to melt. This makes the ice colder than it was before, which is how the orange juice freezes. The larger crystals of the rock salt take more time to dissolve in the water around the ice, which allows for even cooling of the orange juice. Although the orange juice has been converted to another state, the chemical composition has not changed; therefore this is an example of a physical change.  
Technically this is known as “Freezing-point depression”, which a phenomena that occurs when the freezing point of a liquid (a solvent) is depressed when another compound is added, meaning that a solution has a lower freezing point than a pure solvent. This happens whenever a solute is added to a pure solvent, such as water (in this case the ice).  The phenomenon of freezing point depression is used in technical applications to avoid freezing. In the case of water, ethylene glycol or other forms of antifreeze is added to cooling water in internal combustion engines, making the mixture stay a liquid at temperatures below its normal freezing point.
Unfortunately, often melting/freezing and boiling/condensation are often understood only in terms of water.  Also, children under ten incorrectly believe that materials can only exhibit properties of one state of matter. Hopefully, this experience will help your students recognize this is not true.  

Extend:

1. Watch the SC Streamline video segment Solid, Liquid, Gas (6:06) from the series “Matter and Energy” http://player.discoveryeducation.com/index.cfm?guidAssetId=986CF907-44BA-4B41-BC8C-7747CBD9A515&blnFromSearch=1&productcode=US
2. Computer simulation:  manipulate the different elements in each form from a solid, liquid, or gas. Add or remove heat and watch the phase change. http://phet.colorado.edu/en/simulation/states-of-matter
Teaching Indicator 7-5.10: Lesson B – The Chemical Nature of Matter: “Physical Change – Change size or shape”

Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Often children incorrectly believe that the expansion of matter is due to the expansion of particles rather than to the increased particle spacing.  
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.
Lesson time:

1/2 day (1 day equals 55 minutes)
Materials Needed: (demonstration by teacher)


· Sheet of paper (one sheet per student)
· Thermodynamic “ball and ring” apparatus
· Heat source (preferably a flame emitting a relatively large amount of heat) (ex. Alcohol burner)

· Beaker with ice water (100 mL)
Focus Question:
How can the change in size or shape, a physical change, be an indicator that a chemical change has occurred?

Engage:

1. Using your notebook identify, previous examples changes in size or shape, a physical change that have already been examined.  In addition to what was studied earlier, how do you know this is also evidence of a physical change; specifically a change in size and shape? (Examples may include but are not limited to metals are malleable and ductile from Lesson A SC Indicator 7-5.3)
Explore:
1. Start by asking the students what will happen if they taking a piece of paper and manipulate it.  Will it be changed chemically?

2. Ask them to wad it up, folding it into a shape, tear it into smaller pieces – does that change the paper itself?  Is it still paper? (Answer – of course it is still paper, just by changing the size and/or shape of something does not mean that the substance itself has changed.  Therefore a physical change has occurred.)

3. Next, how substances might be changed by adding or taking away heat.  We found in Lesson A SC Indicator 7-5.10 that just by adding or removing heat, the substance might change state, but that is again a physical change because there is no change to the substance itself; only the rearrangement of atoms within.

4. Demonstrate by the teacher: hold up the “ring and ball” apparatus.  Ask the children what it might be used to demonstrate.
5. Allow the ball to pass through the ring and explain how both are made of brass.  Predict what might happen when one of the two are heated.  (Solicit many ideas so there is no “right” answer.)
6. Heat either the ring or the ball in the flame and try to pass the ball through the ring.  What actually happened?  How does the result compare to what you thought would happen?
7. Try various combinations of adding or subtracting heat to both the ring and the ball and solicit ideas from the students on what might be causing this to occur.  (NOTE:  The brass ball will pass through the ring when both are at the same temperature (i.e. when both are hot or cold).

Explain: 

1. When the metal (brass) is heated or cooled, it happens at the same rate evenly throughout the metal (called thermal expansion).  All the brass atoms of the solid are moving at the same rate and are either speeding up if heated therefore expanding OR slowing down when cooled therefore contracting.  Since the atoms are only being rearranged, not chemically altered, a physical change is occurring.
2. Often children incorrectly believe that the expansion of matter is due to the expansion of particles rather than to the increased particle spacing.  In this case, as the metal is heated, the particle speed increases which increases the particle spacing causing the metal to expand.
Extend:
1. Watch the SC Streamline video segment “Heat and the Changing States of Matter” (1:45) from the series: Exploring: Heat http://player.discoveryeducation.com/index.cfm?guidAssetId=8F426589-DAD8-4BEC-93A2-CCBA82EE1F59&blnFromSearch=1&productcode=US
Teaching Indicator 7-5.10: Lesson C – The Chemical Nature of Matter: “Chemical Change – Color change”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Chemical changes are often perceived as only additive, rather than interactive.  After the chemical change the original substances are perceived as remaining, even though they are altered.  Failure to perceive that individual substances and properties correspond to certain types of particles (i.e. formation of a new substance with new properties is seen as simply happening rather than as a result of particle rearrangement). 
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.
Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed: (per groups of 2)


· Iodine (I) – 10 mL
· Cornstarch ((C6H10O5)n.H2O) – 5 mL

· Water – 25 mL

· Beaker (2) – 50 mL

Focus Question:
How can the change in color be an indicator that a chemical change has occurred?

Engage:

1. Using your notebook identify previous examples of color change, as a chemical change, that have already been examined.  In addition to what was studied earlier, how do you know this is also evidence of a chemical change; specifically a change in color? (Examples may include but are not limited to iodine turns purple black in the presence of a starch in Lesson D SC Indicator 7-5.2, marshmallow turning black when burned Lesson D SC Indicator 7-5.9, steel wool glowing orange when burned Lesson D SC Indicator 7-5.9)
Explore:

1. To one beaker add 3 mL of iodine.  What type of change has occurred?  (Answer – physical change because the iodine was already in solution and adding it to more water just diluted it)
2. Is this substance now considered an element, compound, heterogeneous mixture or homogeneous mixture?  Support your answer with evidence collected from observations. (Answer: Homogeneous mixture aka solution)
3. Add 5 mL cornstarch to the iodine solution.  What type of change has occurred? (Answer: chemical color change – iodine can act as an indicator – in the presence of a starch, iodine will turn a bluish-black in color and it is not reversible; remember we learned about indicators in SC Indicator 7-5.6 with the study of acids and bases)
4. Is this substance now considered an element, compound, heterogeneous mixture or homogeneous mixture?  Support your answer with evidence collected from observations. (Answer: homogeneous mixture aka solution; unless not all of the cornstarch dissolves, then it would be a heterogeneous mixture)
5. Another example would be the oxidizing of a potato or apple slice.  When these come into contact with the air, a chemical reaction takes place and causes an irreversible color change on the surface.  As the chemical reaction continues, the color change will penetrate deeper.
Explain: 
1. Iodine is an indicator that will turn from a royal blue in color to that of dark purple/black when in the presence of a starch.
2. The color change is the result of a chemical reaction and is irreversible.

Extend:

1. Make the connection to the unit study “Human Body” SC Indicator 7-2.1 and the study of diffusion and osmosis.  A common simulation of diffusion and osmosis is the use of dialysis tubing, a semi-permeable membrane, filled with a starch/sugar solution.  Iodine is used as the indicator to show that the smaller iodine molecules can pass through the dialysis tubing to change the color of the starch molecules which are larger and therefore trapped inside.  The smaller sugar molecules can also move freely through the dialysis tubing but are not affected by the iodine since it is only an indicator for starch.
2. Other substances that can be used to show color change include a potato and a vitamin C tablet.  Both contain starch and will cause the iodine to react, changing from the royal blue to a dark purple/black color.

Teaching Indicator 7-5.10: Lesson D – The Chemical Nature of Matter: “Chemical Change – Temperature change”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Chemical changes are often perceived as only additive, rather than interactive.  After the chemical change the original substances are perceived as remaining, even though they are altered.  Failure to perceive that individual substances and properties correspond to certain types of particles (i.e. formation of a new substance with new properties is seen as simply happening rather than as a result of particle rearrangement). 
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.
Lesson time:

1 day (1 day equals 55 minutes)
Materials needed: (per groups of 2)


· Calcium Chloride – 5 g (aka Calcium Hardness Increaser for spas and hot tubs)
· Sodium Bicarbonate (NaHCO3) (5 mL) (aka Baking Soda)

· Water – 50 mL

· Test Tube (large) – 1

Focus Question:
How can temperature change be an indicator that a chemical change has occurred?

Engage:

1. Using your notebook identify previous examples of temperature change, as a chemical change, that have already been examined.  In addition to what was studied earlier, how do you know this is also evidence of a chemical change; specifically a temperature change? (Examples may include but are not limited to temperature increase in marshmallow when burned Lesson D SC Indicator 7-5.9, temperature increase in steel wool when burned Lesson D SC Indicator 7-5.9)
Explore:
1. Add 25 mL water to the test tube.  Record all physical properties of the water.

2. Observe calcium chloride in the container and record its physical properties in your notebook.

3. While holding the test tube carefully in your hand, add 5 g of calcium chloride and observe.  Record all observations in your notebook.

4. What type of change occurred and what is the evidence to support your claim?

Explain: 

1. When water is added to calcium chloride, a chemical reaction occurs where the hydrogen ions replace the calcium ions and the oxygen ions replace the chlorine ions.  Due to the speed of the reaction, a lot of energy is required and given off as heat; the temperature change increased.

H2O  +  CaCl2 ( HCl  +  CaO

2. Does this equation support the Law of Conservation of Matter?  Why or why not?  (Answer:  NO it does not because it is not balanced; there are not the same number of atoms of each element on both sides of the equation; the balanced equation is:    H2O  +  CaCl2 ( 2 HCl  +  CaO)
Extend:

1. Add 25 mL water to the test tube.  

2. Observe sodium bicarbonate in the container and record its physical properties in your notebook. While holding the test tube carefully in your hand, add 5 g of sodium bicarbonate and observe.  Record all observations in your notebook.

3. What type of change occurred and what is the evidence to support your claim?

4. A similar reaction occurred as with the water and calcium chloride only this time, the reaction required energy to take place, taking in heat from the surroundings making the test tube feel quite cold, the temperature change decreased.
5. Amy tested two chemical reactions.  She measured the temperature change each minute for 10 minutes.

a. For reaction A, here are her results:  1 minute – 24oC, 2 minutes – 23oC, 3 minutes – 21oC, 4 minutes – 20.5oC, 5 minutes – 20oC, 6 minutes 19.5oC, 7 minutes – 19.5oC, 8 minutes – 19.5oC,9 minutes – 19.5oC, 10 minutes – 19oC.

b. For reaction B, here are her results:  1 minute – 24oC, 2 minutes – 25oC, 3 minutes – 27oC, 4 minutes – 28oC, 5 minutes – 28oC, 6 minutes 29oC, 7 minutes – 29oC, 8 minutes – 30oC, 9 minutes – 31oC, 10 minutes – 32oC.
6. Construct a table for each chemical reaction.  

7. Graph both tables on one double line graph (graph the results for reaction A in RED; graph the results for reaction B in BLUE).  How are these reactions similar?  How are they different?  Why was a line graph used to represent this data?

Teaching Indicator 7-5.10: Lesson E – The Chemical Nature of Matter: “Chemical Change – Formation of a Precipitate”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Chemical changes are often perceived as only additive, rather than interactive.  After the chemical change the original substances are perceived as remaining, even though they are altered.  Failure to perceive that individual substances and properties correspond to certain types of particles (i.e. formation of a new substance with new properties is seen as simply happening rather than as a result of particle rearrangement). 
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.
Lesson time:

1 day (1 day equals 55 minutes)
Materials needed: (per groups of 2)


· Milk (whole or 2%) – 100 mL
· White Vinegar (CH3COOH) – 30 mL

· Beaker – 250 mL
· Water – 10 mL

· Paper towels – 3-4 sheets

· Rubber bands

· Sodium Bicarbonate (NaHCO3) (aka Baking Soda) – 5 mL
Focus Question:
How can the formation of a precipitate, a chemical change, be an indicator that a chemical change has occurred?

Engage:

1. Using your notebook identify previous examples of the formation of a precipitate, as a chemical change, that have already been examined.  In addition to what was studied earlier, how do you know this is also evidence of a chemical change; specifically the formation of a precipitate? (Examples may include but are not limited to the formation of rust in Lesson E SC Indicator 7-5.9.)
Explore:

1. Record in your notebook the physical properties for milk and vinegar.
2. Add milk to the beaker and record how it interacts with the surface of the glass.

3. Add vinegar to the milk.  Wait 15-20 seconds and swirl the beaker again.  

4. Record how the new substance interacts with the surface of the glass.

5. What type of reaction has occurred?  Use evidence you collected to support your idea.
Explain: 

1. The vinegar reacts with the milk to make the protein in milk stick together forming white lumps called curds.  When two solutions are combined, they may form a solid substance. This solid substance is called a precipitate and indicates that a chemical change has occurred.  The precipitate may be in the form of very small particles, appearing as cloudiness in the solution or as a solid which settles to the bottom of the container.  In this substance created, the leftover liquid is called whey.  
Extend:

1. What type of substance is this?  (ex. Element, compound, homogeneous mixture, or heterogeneous mixture; explain your selection based on the evidence you have collected) (Answer:  heterogeneous mixture, the substances can be physically separated)
2. Now, strain the curds to separate the whey:  
a. Make a strainer by folding a paper towel over an empty cup.  Push the paper towel down in the center so it forms a bowl shape.  Secure the paper towel with a rubber band.

b. Pour the curds and whey mixture onto the paper towel.  The whey will go through the paper towel and the curds will stay on top.  This will take approximately five minutes.

3. Use a spoon to carefully remove the curds.  Put them between two dry paper towels and press to remove all the whey.  Rinse strainer cup to use again.

4. Put the curds in another cup.  Add 10 mL water and 5 mL sodium bicarbonate.  The sodium bicarbonate reacts with the vinegar that is in the curds producing carbon dioxide.  (NOTE: If you hold the mixture to your ear you can hear the tiny bubbles popping which is the gas being produced.)
5. Stir the mixture, what does it resemble to you?  (NOTE: it should look like glue; if it does not, then add a little more water)
6. What type of substance is this?  (ex. Element, compound, homogeneous mixture, or heterogeneous mixture; explain your selection based on the evidence you have collected) (Answer:  compound; it is a new substance that cannot be separated physically)
7. Compile your evidence and write a supporting statement that a chemical reaction has occurred.

8. List all the reactants and products in this chemical reaction.
Teaching Indicator 7-5.10: Lesson F – The Chemical Nature of Matter: “Chemical Change – Formation of a Gas”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Chemical changes are often perceived as only additive, rather than interactive.  After the chemical change the original substances are perceived as remaining, even though they are altered.  Failure to perceive that individual substances and properties correspond to certain types of particles (i.e. formation of a new substance with new properties is seen as simply happening rather than as a result of particle rearrangement). 
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles, in case the balloon explodes.   Students should know and practice safe disposal of materials in a laboratory setting. Do NOT ingest any materials. Balloons should stay away from mouths as they can cause choking.
Lesson time:

1 day (55 minutes)
Materials needed: (per groups of 2)


· Sodium Bicarbonate (NaHCO3) (aka Baking Soda) – 5 g

· Acetic Acid (30 %) (CH3COOH) (aka White Vinegar) – 30 mL

· 1.5 L (16.9 oz) clean, empty, plastic soda bottle

· Balloon (8-10 inch) – 1
· Hydrogen Peroxide (H2O2) – 10 mL
· Potato (raw) – 1 cube (small enough to fit in the test tube)
· Test tube (large) - 1

Focus Question:
How can the formation of gas, a chemical change, be an indicator that a chemical change has occurred?
Engage:

1. Using your notebook identify previous examples of the formation of a gas, as a chemical change, that have already been examined.  In addition to what was studied earlier, how do you know this is also evidence of a chemical change; specifically the formation of a gas? (Examples may include but are not limited to the creation of CO2 in Lesson A SC Indicator7-5.1, separating water into H2 and O2 in Lesson B SC Indicator 7-5.2.)
Explore:
1. Add 5 g of Sodium Bicarbonate (NaHCO3) into the clean bottle.  Record physical properties of Sodium Bicarbonate in your notebook.

2. Quickly add Acetic Acid to the same bottle and even quicker secure the balloon over the mouth of the bottle. Record observations in your notebook.  
3. What is the evidence that a chemical change occurred?
Explain: 
1. Vinegar (CH3COOH) is a solution of acetic acid.  It reacts with sodium bicarbonate (NaHCO3) to produce carbon dioxide gas (CO2) and an aqueous solution of sodium acetate (NaC2H3O2).  The reaction can be written as follows:

NaHCO3 (aq) + HC2H3O2 (aq) ------> CO2 (g) + H2O (l) + NaC2H3O2 (aq)
The carbon dioxide filled up the balloon, causing it to expand. You saw the volume change caused by the carbon dioxide in this activity. 
2. What might have happened if we had capped the bottle off, leaving no place for the carbon dioxide to go? (Answer: It would have built up pressure because carbon dioxide takes up space.)
3. Why do you think the bottle felt cold? (Answer: The reaction needs heat to make it happen so it takes heat, leaving the bottle feeling cold. A reaction that needs heat to make it happen is called endothermic. )
4. How did you know that your reaction finished? 
5. What might have caused the reaction to stop? (Answer: Your reaction stops when you run out of reactants. The reactants are the things on the left of our reaction equation above. Our reactants were baking soda and vinegar. When one of these is used up completely, the reaction will stop.)
Extend:

1. Has your parent or guardian ever used Hydrogen Peroxide on your skin before?  Why?  What happened? (NOTE: Hydrogen Peroxide is an antiseptic that is used to clean and disinfect open wounds.  It will bubble vigorously when in contact with the natural enzymes of the body.)
2. Add 10 mL Hydrogen Peroxide to the test tube.  Record physical properties.

3. Observe and record physical properties of the potato initially in your notebook.

4. While holding the test tube, add the potato to the test tube.  Record all observations.

5. What do you notice?  Record evidence that a chemical reaction occurred.

6. When you get a cut in your skin and Hydrogen Peroxide is added, it tends to bubble vigorously.  What makes the bubbles is not the presence of germs. Instead, it is the presence of a substance called catalase. This is a chemical that is found in your blood and in the cells of your body and is also found in potatoes. 
7. When you add a piece of potato to hydrogen peroxide - it will bubble. When a cut in your skin bubbles, it does not mean that it is infected. It just means that it has either some blood or some damaged cells. This brings the hydrogen peroxide in contact with catalase and you get oxygen gas bubbles (O2). 
8. Hydrogen peroxide (H2O2) is really water with an extra Oxygen.  Left to itself, hydrogen peroxide will slowly lose the extra oxygen and change into water. Certain chemicals will speed up the reaction, causing the extra oxygen to be freed very quickly. Catalase is one of those chemicals. But why would that be a good thing? In high concentrations, oxygen is poisonous to some germs. The idea is that you get a lot of oxygen into the cut, to kill these germs. Then a scab forms, keeping any more germs from getting into the cut. 
9. The temperature increase you observed is another indicator that a chemical reaction took place.
Teaching Indicator 7-5.10: Lesson G – The Chemical Nature of Matter: “Comparing Physical and Chemical Changes as a result of a Chemical Reaction”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

Chemical changes are often perceived as only additive, rather than interactive.  After the chemical change the original substances are perceived as remaining, even though they are altered.  Failure to perceive that individual substances and properties correspond to certain types of particles (i.e. formation of a new substance with new properties is seen as simply happening rather than as a result of particle rearrangement). 
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   When handling the phenol red, use caution; if it contacts skin or clothing, it may stain. Additionally, be careful in letting the bag fill up with gas. If it gets too full, the bag might pop.  Dispose of the plastic bag and its contents in the trash.
Lesson time:

2 days (1 day equals 55 minutes)
Materials needed: (per groups of 2)


· Ziploc bag (quart size; freezer quality)

· Paper cup (3 oz)

· Graduated Cylinder 

· Sodium Bicarbonate (NaHCO3) (5 mL) (aka Baking Soda)

· Calcium Chloride (CaCl) (10 mL) (aka Calcium Hardness Increaser for spas and hot tubs)

· Phenol Red (5 mL)

· Water (H20) (5 mL)

Focus Question:
How can observing and comparing physical and chemical changes be an indication that a chemical change has occurred?
Engage:

1. So far, we have explored taking apart compounds and mixtures.  As a class, brainstorm what might happen if compounds are put together.  Record in your notebooks the evidence you think would indicate that a chemical or physical change has occurred.
Explore:

1. Place 5 mL of Sodium Bicarbonate (NaHCO3) (aka Baking Soda) in the paper cup.  Record physical properties of the substance in notebooks.  Explain what makes you think it is an element, mixture or compound in your notebook.  Now place that substance in a Ziploc bag.

2. Place 10 mL of Calcium Chloride (CaCl) in the paper cup.  Record physical properties of the substance in notebooks.  Explain what makes you think it is an element, mixture or compound in your notebook.  

3. Now place that substance in the Ziploc bag, shut tightly and shake.  Is this substance an element, mixture or compound?  Is it homogeneous or heterogeneous? What makes you say that?  What type of change has taken place?  Why do you say so?

4. Measure 5 mL of water (H20) and put it in the paper cup.  Add 5 mL of phenol red to the water.  Carefully open the Ziploc bag and place the cup inside so that the cup is sitting up right.  Remove as much air from the bag before sealing tightly.  

5. With the bag still sealed, tip the cup over and mix all of the chemicals.  Observe carefully what happens.  What kind of change has taken place?  What do you think is in the bag now (elements, compounds, homogeneous or heterogeneous mixtures?  List three pieces of evidence from your observations that support your answers.

6. What do you think will happen if a lit match were to be placed inside the bag?  What makes you say that?

7. Carefully open the bag wide.  Take a splint and light it with a match.  Carefully, without melting the bag, put the splint in the bag.  What happens?  What gas do you think is in the bag?  What does this tell you about the substances with which you started?

Explain: 

A chemical reaction occurs between the calcium chloride and the sodium carbonate (baking soda) in which a double replacement reaction takes place. The two solids switch partners and form a new substance--the precipitate calcium carbonate. As the precipitate is formed, the bicarbonate breaks down first to make hydrogen ions, an acid. This acid then converts some of the bicarbonate to carbon dioxide gas which begins to blow up the plastic bag.  Phenol Red is an indicator that turns yellow in the presence of an acid which was produced when the calcium chloride and sodium carbonate (baking soda) combined.
Also, as part of the chemical reaction between these two solids, a change in temperature can be felt an exothermic reaction causes the calcium chloride gets warm, while an endothermic reaction makes the sodium carbonate (baking soda) gets cold.
Calcium chloride + baking soda (sodium bicarbonate) ( calcium carbonate + sodium chloride + hydrogen ions

CaCl2 + 2 NaHCO3 ( CaCO3 + 2 NaCl + H+ ions

Hydrogen ions + sodium bicarbonate ( carbon dioxide + water + sodium ions

H+ ions + NaHCO3 ( CO2 + H2O + Na+
Connecting back to Lesson B SC Indicator 7-5.2, fire needs Oxygen gas (O2) in order to burn; since the gas produced here is carbon dioxide gas (CO2), when the splint is added to the Ziploc bag the flame is extinguished.

Standard 7.5: The student will demonstrate an understanding of the classifications and properties of matter and the changes that matter undergoes. (Physical Science)





Indicator 7-5.10: Compare physical changes (including changes in size, shape, and state) to chemical changes that are the result of chemical reactions (including changes in color or temperature and formation of a precipitate or gas).
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