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HS Chemistry
	Task-level phenomenon:
In this lesson, the specific phenomena is the behavior of beads in a poly density bottle when it is shook.  

Synopsis of high-quality task:
Inside this poly density bottle, along with the beads are two liquids, isopropyl alcohol and salt water.  The salt water is more dense than the isopropyl alcohol.  Although when the bottle is shook, the two liquids, both of which are immiscible, gain kinetic energy.  This added energy can help the liquids overcome intermolecular attractions and help the liquids temporarily mix with one another.  This temporary mixture lasts until the gained kinetic energy dissipates and the molecules return back to their most stable state, thus becoming attracted to the same type of molecule again.  The beads’ movement is based on their densities compared to the liquids present. 

When a poly density bottle is shaken, the less dense beads move to the top of the bottle and the more dense beads move to the bottom.  However, if the bottle is left to stand still, the beads at the top of the bottle sink towards the middle of the bottle and the beads at the bottom rise up towards the middle of the bottle.  

This task could be included in a unit on mixtures.  The goal of this task is to develop a model of a poly density bottle in order to explain why the beads first separate and over time move back towards the center of the bottle, but remain in layers. Students will first observe how beads in a poly density bottle behave when shook.  Students will then construct a model of the poly density bottle.  They will use what they learn in the construction of this model to construct an explanation of the phenomena.  

This task has three parts. Teachers can choose to use one or more of these parts in depth, while abbreviating the others. Keep in mind that explaining the phenomena of the movement of the beads is the ultimate goal and should always be part of the assessment of this lesson, as it is most applicable to the standard.

Anticipated student time spent on task: 2 class sessions 55mins each

Type of Task (check one): 
____ 1. Investigation/experimentation/design challenge
____ 2. Data representation, analysis, and interpretation
_X__ 3. Explanation 

Student task structure(s): Small group work


	STE Standards and Science and Engineering Practices:
HS-PS1-3. Cite evidence to relate physical properties of substances at the bulk scale to spatial arrangements, movement, and strength of electrostatic forces among ions, small molecules, or regions of large molecules in the substances. Make arguments to account for how compositional and structural differences in molecules result in different types of intermolecular or intramolecular interactions. 

	Clarification Statements:
· Substances include both pure substances in solid, liquid, gas, and networked forms (such as graphite).
· Examples of bulk properties of substances to compare include melting point and boiling point, density, and vapor pressure.
· Types of intermolecular interactions include dipole-dipole (including hydrogen bonding), ion-dipole, and dispersion forces. 

	State Assessment Boundary:
· Calculations of vapor pressure by Raoult’s law, properties of heterogeneous mixtures, and names and bonding angles in molecular geometries are not expected in state assessment.

HS-PS1-11(MA). Design strategies to identify and separate the components of a mixture based on relevant chemical and physical properties. 
	Clarification Statements:
· Emphasis is on compositional and structural features of components of the mixture.
· Strategies can include chromatography, distillation, centrifuging, and precipitation reactions.
· Relevant chemical and physical properties can include melting point, boiling point, conductivity, and density.

Science and Engineering Practices: 
· Constructing Explanations


	Prior Knowledge: 
Previous Standard from Strand Map

8.MS-PS1-1. Develop a model to describe that (a) atoms combine in a multitude of ways to produce pure substances which make up all of the living and nonliving things that we encounter, (b) atoms form molecules and compounds that range in size from two to thousands of atoms, and (c) mixtures are composed of different proportions of pure substances. 
	Clarification Statement:
· Examples of molecular-level models could include drawings, three-dimensional ball and stick structures, and computer representations showing different molecules with different types of atoms. 
	State Assessment Boundary:
· Valence electrons and bonding energy, the ionic nature of subunits of complex structures, complete depictions of all individual atoms in a complex molecule or extended structure, or calculations of proportions in mixtures are not expected in state assessment

Previous Topics:
· Density is a characteristic property measured by the amount of mass per unit of volume.
· Solubility is the process whereby a solute dissolves in a solvent.
· Miscible describes liquids that when shook combine and immiscible describes liquids that when shook do not combine.
· Mixtures form between substances that keep their characteristic properties.
· Intermolecular forces are the forces that exist between molecules. These are not to be confused with intramolecular forces, those that exist between atoms to form molecules.



	Connections to the real-world:
· Most samples of matter are mixtures (e.g., air, italian salad dressing, sand)
· It is often necessary to separate mixtures into their components.
· To separate components that are unwanted from those that are important
· Separate impurities from drinking water
· Separate fats from milk to produce butter and cheese
· To obtain pure substances
· Oxygen for storage in tanks for use in hospitals
· Nitrogen for production of fertilizers and dyes
· Understanding why substances change over time is important in describing those substances’ characteristic properties, such as density
· The density of an object can change if its mass and/or its volume changes
· Ships made of steel, which is more dense than water, float because the steel is shaped into a ship with such a great volume that the density becomes less than the density of water
· Airplanes that take off full of fuel change density in midair as duel is used; these changes must be accounted for by pilots during flight
· The density of oil and water are different; this difference is significant in trying to clean up after an oil spill on the ocean


	Mastery and Language Goals:

Learning Objective:
· Develop a model to explain what happens to the liquids in a poly density bottle when shaken 

Performance Objective:
· Develop a model of a poly density bottle (PART I).
· Determine the contents of a poly density bottle (PART I).
· Construct an explanation for why the beads first separate and then over time move back towards the center of the bottle (PART II).

Language Objective:
· Discuss densities of the bottle’s components in small groups. 
· Construct a written explanation for the behavior of the beads observed in the bottle

	Teacher Instructions:

Teacher tips:
· Be sure bottles are clean before constructing model
· Alcohol and salt water should be in equal amounts in bottle
· Salt water concentration = 125 ml of water for 28 grams of salt
· Do not fill the bottles with liquid; leave room for the beads, but try to eliminate air
· Add equal numbers of bead types to the bottle
· Density of Perler beads is 0.90 g/cm^3
· Density of Pony beads is 1.02 g/cm^3
· Sugar (is not needed, but adds a unique twist for differentiated levels)
· Detailed description of phenomena:
When a poly density bottle is shaken, the less dense beads move to the top of the bottle and the more dense beads move to the bottom.  However, if the bottle is left to stand still, the beads at the top of the bottle sink towards the middle of the bottle and the beads at the bottom rise up towards the middle of the bottle.  What remains are two layers of beads suspended within liquid in the middle of the bottle.

Inside the bottle, along with the beads are two liquids, isopropyl alcohol and salt water.  The salt water is more dense than the isopropyl alcohol.  Although when the bottle is shook, the two liquids, both of which are immiscible, gain kinetic energy.  This added energy can help the liquids overcome intermolecular attractions and help the liquids temporarily mix with one another.  This temporary mixture lasts until the gained kinetic energy dissipates and the molecules return back to their most stable state, thus becoming attracted to the same type of molecule again. 

The mixture that is temporarily formed has a density that is less than one type of bead and more than the other.  This is why the beads separate as they do when the bottle is first shook.  As the liquids separate again, the beads also move, again based on density.  From most dense to least (bottom to top), the bottle’s layers become arranges like this: salt water, bead type 1, bead type 2, and isopropyl alcohol.

*Before starting this task with students be sure that a poly density bottle is available for demonstration (teacher created or purchased from vendor).

INTRODUCTION (25 min)
1. As a large class, read the first page of the student handout and answer questions when appropriate.
LOOK FOR:
a. In the column at left, which substance is most dense?  In the column at left, which substance is least dense?  Justify your answer.
i. Most dense - maple syrup
ii. Least dense - olive oil
iii. The most dense substance sinks to the bottom; the least dense substance floats on top
b. In the column to the right, which substance is most dense?  In the column to the right, which substance is least dense?  Justify your answer.
i. Most dense - aluminum
ii. Least dense - baby oil
iii. The most dense substance sinks to the bottom; the least dense substance floats on top
c. What is density and how is it calculated?
i. Density is the amount of mass per unit volume.
ii. Density is calculated by dividing mass by volume.
iii. The units for density are often given in g/cm^3.  Density can also be measured in kg/m^3.
2. As a large class, record observations and/or questions students have about the Poly Density Bottle.
3. Shake the bottle.
4. Ask students to individually record questions/observations of the Poly Density Bottle for three minutes and share their questions/observations with a partner for an additional three minutes.  
5. Ask partnerships to share questions/observations with the larger class.  Make a record of these questions/observations.
6. In small groups, ask students to discuss possible explanations for why the beads behave the way they do.  Students should take notes on their discussion.  Provide supplemental resources if needed.  Refer to 5-6 on student handout.

PART I (55 min)
1. Frame the activity by telling students they are to create a model of the Poly Density Bottle using materials provided.  Their models should mimic the same bead behaviors.
2. Emphasize the importance of recording each step so that if a procedure was to be replicated/changed, the appropriate information could be provided.  Refer to 7-10 on student handout.
a. Different approaches will likely be followed.
b. Students may begin with densities of liquids or densities of beads.
c. If students are struggling to design a plan, students may be given densities of beads.
d. The goal of this part of the task is to better understand the model that is observed.  The bottles students build may not be perfect, but they may include elements that will get them closer to making meaning of the behavior of the beads.  In collaborating with classmates, imperfect models together may help to develop more thorough understanding.
3. Sign off on plans for models proposed by students.
4. Students should be allowed to experiment with materials provided while in the planning phase.  This will allow for students to isolate variables, specifically with liquids, in order to determine their relationships based on different densities.
5. LOOK FOR: 
a. Alcohol and water need to temporarily mix
b. Sugar is not needed
c. Densities of liquids need to have a temporary average density that is greater than perler beads and less than pony beads
6. As students finish, complete a gallery walk.  Ask students to make improvements to their models as they deem necessary based on what they observed during their walk.
a. Depending on time, students may be allowed to construct a second bottle.  It is recommended that new liquids be used, rather than be separated and reused.
b. Students should be directed to notice differences among bottles and how the beads behave in each bottle.
i. Amount of beads
ii. Types of liquids
iii. Concentration of salt water
iv. Amount of alcohol
c. Students should be further encouraged to make comparisons with their own bottle to determine possible ways to improve upon their own bottles if a second model is allowed for.
7. Have students present their model, focusing on the behavior of the beads and explanations for their movement.
8. As a large group, compile a chart of student feedback.  

Example
[image: ]

9. Ask students to make improvements to their models as they deem necessary based on the feedback compiled.

[image: ]

PART II (~30 min)
1. Remind students of the original question - after the poly density bottle is shook, why do the beads first separate and then over time move back towards the center of the bottle, but remain in layers?
2. Students use their models to discuss their findings in their groups. Students should take notes on their discussion. For support, teachers could provide 
a. Graphic organizers for writing
i. Possible example: CER - Claim would be the movement of the beads in the bottle and the evidence is the densities of the liquids in the model.  The reasoning is that the two liquids are immiscible, but because of the added energy from shaking a temporary mixture with a different density forms.  This temporary mixture forms until the kinetic energy dissipates and the molecules within the two liquids go back to their most stable state, which is with other like molecules.  
ii. Sentence frames/starters
3. Students write explanations for why the beads first separate and then over time move back towards the center of the bottle.  Students can write more robust explanations by combining their explanations with supplemental text, about various patterns of inheritance (e.g., supporting what it is and pointing out what it cannot be).
· [bookmark: _GoBack]Density from Chemistry by OpenStax CC BY 4.0 
https://cnx.org/contents/havxkyvS@12.1:GCPSnOuw@9/Measurements
· Density from college Physics by OpenStax CC BY 4.0 
https://cnx.org/contents/Ax2o07Ul@14.4:8TdYj7ep@5/11-2-Density
· Solubility from Chemistry by OpenStax CC BY 4.0 
https://cnx.org/contents/havxkyvS@7.190:2488fW6W@4/Solubility
· Intermolecular Forces from Chemistry by OpenStax CC BY 4.0
https://cnx.org/contents/havxkyvS@12.1:Gjdc-4J1@6/Intermolecular-Forces
· Intermolecular Forces in Boundless Chemistry by Boundless.com CC BY-SA 4.0
http://oer2go.org/mods/en-boundless-static/www.boundless.com/chemistry/textbooks/boundless-chemistry-textbook/solutions-12/properties-of-solutions-92/intermolecular-forces-and-solutions-397-3682/index.html


	Instructional Materials/Resources/Tools: 
Include:
· Student handout (included below)
· Poly Density Bottle  (can be constructed or purchased online)
· For each group’s model:
· Clean 8 ounce bottle (mini water bottle)
· Distilled water
· Pure sodium chloride/pickling salt
· Sugar
· 91% isopropyl alcohol*
· Food coloring, two different colors
· Perler beads (Can be purchased online)
· Pony beads (Can be purchased online)
· Balance
· Graduated cylinder

*Isopropyl alcohol safety - isopropyl alcohol is flammable 
Review with students the following:
· Avoid heat, open flames, and sparks while using this chemical 
· Always wear personal protective equipment including goggles and apron
· Ensure there is proper ventilation in the classroom and store/use in a fume hood if possible


	Task Sources: 
The Dynamic Density Bottle: A Make-and-Take, Guided Inquiry Activity on Density in the Journal of Chemical Education, 2015, 92, 1503−1506 via ACS AuthorChoice License (“This is an unofficial adaptation of an article that appeared in an ACS publication. ACS has not endorsed the content of this adaptation or the context of its use.”)

Supplemental Resources
· Density from Chemistry by OpenStax CC BY 4.0 [image: ]
https://cnx.org/contents/havxkyvS@12.1:GCPSnOuw@9/Measurements
[image: ]
· Density from college Physics by OpenStax CC BY 4.0 
https://cnx.org/contents/Ax2o07Ul@14.4:8TdYj7ep@5/11-2-Density

· Solubility from Chemistry by OpenStax CC BY 4.0 [image: ]
https://cnx.org/contents/havxkyvS@7.190:2488fW6W@4/Solubility
[image: ]
· Intermolecular Forces from Chemistry by OpenStax CC BY 4.0
https://cnx.org/contents/havxkyvS@12.1:Gjdc-4J1@6/Intermolecular-Forces
[image: ]
· Intermolecular Forces in Boundless Chemistry by Boundless.com CC BY-SA 4.0
http://oer2go.org/mods/en-boundless-static/www.boundless.com/chemistry/textbooks/boundless-chemistry-textbook/solutions-12/properties-of-solutions-92/intermolecular-forces-and-solutions-397-3682/index.html
[image: ]
· Image from Wikimedia Commons user PRHaney  without changes; license CC BY-SA 3.0.
[image: ]
· Image from Wikimedia Commons user Kelvin13 without changes; license CC BY-SA 3.0.


	Accessibility and Supports: 

Key academic vocabulary (tier 2 and 3): density, dissipate, energy, immiscible, intermolecular forces, kinetic energy, miscible, mixtures

Students should be provided with claim, evidence, and reasoning graphic organizer(included below) for Part II























	Sample Student Work



Sample #1
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Sample #2
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Sample #3
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The Poly Density Bottle Phenomena

Name:_____________________________________________________________
[image: ]
Density columns offer a visual comparison of the densities of different substances.  In the image at left, only liquids are included.  From top to bottom, the column includes:
     TOP
· 49 ml-top: olive oil
· 39-49 ml: vegetable oil
· 34-39 ml: red wine
· 30-34 ml: water with blue food coloring
· 11-30 ml: green dish soap
· 0-11 ml: maple syrup
     BOTTOM

1. In the column at left, which substance is most dense?  In the column at left, which substance is least dense?  Justify your answer.





Image from Wikimedia Commons user PRHaney 
without changes; license CC BY-SA 3.0.[image: ]


In the image to the right, both liquids and solids are included.  From top to bottom, the column includes:
     TOP
· Baby oil
· Rubbing alcohol with red food coloring
· Vegetable oil
· Wax
· Water with blue food coloring
· Aluminum
     BOTTOM

2.   In the column to the right, which substance is most dense?  In the column to the right, which substance is least dense?  Justify your answer.





3.   What is density and how is it calculated?
Image from Wikimedia Commons user Kelvin13 without changes; license CC BY-SA 3.0.



4.   The Poly Density Bottle Demonstration

	Record observations of the Poly Density Bottle before your teacher does anything to the bottle.


















	What did your teacher do to the bottle?







	Record observations of the Poly Density Bottle after your teacher makes the above changes.























5.   What do you think is inside the bottle?










6.   Why do you think the beads behave the way that they do?












7.   Construct your own model of the Poly Density Bottle using the materials provided.  
A. What is your plan?











B. Why do you think this will work?








8.   How did your original model work/not work?  
      Compare your first model with at least one other group’s model.









10. You will now redesign your model.  Describe the changes you will make to your first model.  Refer to the class chart of student feedback for ideas.
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11. How did your redesigned model work?




Part II

Name:_____________________________________________________________

	Question: After the poly density bottle is shook, why do the beads first separate and then over time move back towards the center of the bottle, but remain in layers?

	Claim: 



	Evidence: 










	Reasoning:
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4. The Poly Density Bottle Demonstration
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8. How did your original model work/not work?
Compare your first model with at least one other group’s model.
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4. The Poly Density Bottle Demonstration
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8. How did your original model work/not work?
Compare your first model with at least one other group’s model.
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image at left, only liquids are included. From bottom to top, the column includes:
e 0-11 ml: maple syrup
11-30 ml: green dish soap
30-34 ml: water with blue food coloring
34-39 ml: red wine
39-49 ml: vegetable oil
49 ml-top: olive oil

1. Inthe column at left, which substance is most dense? In the column at left, which
substance is least dense? Justify your answer.

Image from Wikimedia Commons user PRHaney
without changes; license CC BY-SA 3.0.

In the image to the right, both liquids and solids are included. From bottom to top,
the column includes:
e Babyoil
Rubbing alcohol with red food coloring
Vegetable oil
Wax
Water with blue food coloring
Aluminum

/

2. Inthe column to the right, which substance is most dense? In the column to the
right, which substance is least dense? Justify your answer.

3. What is density and how is it calculated?

Image from Wikimedia Commons
user Kelvin13 without changes;

license CC BY-SA 3.0.
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4. The Poly Density Bottle Demonstration

L gottle 1s filled with cleay Tiquid

L Has white and plue layers in 5 o¢
(Hu\l(r of bottlc beads
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pptiile s shwi
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Record observations of the Poly Density Bottle before your teacher doeg an%h‘-lng %o tﬁé‘bo‘&E." : E
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TRLAL peads yravred dY boviype
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Record observations of the Poly Density Bottle after your teacher makes the above changes.
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5. What do you think is inside the bottie?
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7. Construct your own modiel of the Auly Dessity Sotile using the meteriels provided.
A What s your plan?
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8. How did your original model work/not work?
Compare your first model with at least one other group’s model.

T+ did not wovk Lecquse Lernicie
we wied fvath water

9. You will now redesign your model. Describe the changes you will make to your first model.

we wiil veglace the fresh
water with  salt watrer

10. How did your redesigned model work?

Lt woerked well
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Question: After the poly density bottle is shook, why do the beads first separate and then over time
move back towards the center of the bottle, but remain in layers?

. Evidence:
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