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In this lesson, students make sense of emulsifiers at the nanoscale and the observable scale. The class is introduced to
the new Investigation Question: Why does adding an emulsifier allow two liquids that don’t typically mix to stay mixed?
After taking a closer look at images that depict the way that oil, water, and an emulsifier mix together at the observable
scale, students draw their initial ideas of what might be happening at the nanoscale. Students then explore the
Emulsifier mode of the Modeling Matter Simulation where they engage with another model of what happens as an
emulsifier is added to molecules with different levels of attraction. Finally, students complete several missions in the
Simulation to model what happens at the nanoscale when oil and vinegar are first combined (and separate into layers),
what happens when an emulsifier is added to the mixture, and to compare the difference at the nanoscale between two
liquids that mix with the aid of an emulsifier and two liquids that mix without the aid of an emulsifier. The purpose of this
lesson is for students to use models to discover and express how emulsifiers work to keep two liquids mixed that don’t
typically mix.

Anchor Phenomenon:Anchor Phenomenon: A salad dressing has sediments and layers.
InInvveesstigtigativative Phenomenon:e Phenomenon: Certain substances, such as lecithin, help create stable mixtures of liquids.

StudentStudents les learn:arn:

Lesson Overview

• Molecules in an emulsifier (such as lecithin) attract and hold together molecules of liquids that don’t normally
mix (such as oil molecules and vinegar molecules).
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Pairs explore the Emulsifier mode of the Simulation.

Instructional Guide
1. P1. Prroject the Eoject the Emulsifier mode omulsifier mode of the Simulation.f the Simulation. Go to the Student Apps Page. Remind students how to select the
Emulsifier mode by pressing the button in the upper-left corner. Let students know that they will have a few minutes to
explore a new mode of the Simulation to see one model of how emulsifiers work at the nanoscale.

2. P2. Pairairs es explorxplore the Ee the Emulsifier modemulsifier mode.. Circulate as students work.

33. D. Debrieebrief the ef the explorxploration.ation. After five minutes or so, regain the class’s attention. Ask students to share what they noticed
in this mode of the Simulation. Keep your Sim projected so students can use it to point out things as they share. (You
will need to keep the Sim projected for the next activity as well.)

44. Highlight emulsifier molecule. Highlight emulsifier moleculess.. If students don’t bring it up, demonstrate how to add and take away emulsifier
molecules.

1 2

3
SIM

Exploring Emulsifiers in
the Simulation

4

Exploring Emulsifiers in the
Simulation

15
MIN

You probably noticed that the molecules in the Emulsifier mode are the same molecules you saw in the Solubility
mode, but when you choose some combinations of molecules, you have the option to add emulsifier molecules
that behave like lecithin.

Why do you think only some combinations of molecules have an emulsifier available and others do not?
[Molecules that create a mixture on their own do not need an emulsifier.]

Some of you might have noticed that stirring the molecules helps the emulsifier molecules interact with the other
kinds of molecules in the petri dish. Stirring the molecules is similar to shaking the vials in the Stability Tests that
you did in the previous lesson.
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Two sets of pairs work together to apply their understanding of emulsifiers by
completing missions in the Simulation.

Instructional Guide
1. P1. Prroject the Eoject the Emulsifier mode omulsifier mode of the Simulation.f the Simulation. Student Apps Page Let students know that now they will use what they
have learned about emulsifiers to complete missions in the Simulation. This will help them understand how emulsifiers
work to keep the oil and vinegar in salad dressing mixed.

2. S2. Set purpoet purpossee..

33. Intr. Introducoduce note notebook pebook pagagees and es and explain what sxplain what studenttudents will dos will do.. Have students turn to pages 78–79, Emulsifier Missions
in the Simulation, in their notebooks. Let students know that they will form groups of four and work together in two sets
of pairs. They will run different trials in the Simulation and compare the results. Review the directions.

44. Student. Students ins invveesstigtigatate with the Simulation.e with the Simulation. Give pairs approximately 10 minutes to work together. Remind students
that after they complete each trial, they can use the slider to go back and review the trial and make observations of how
the molecules interact at different points in time.

1 2 3

4
SIM

Using the Simulation to
Model Salad Dressing

Using the Simulation to Model
Salad Dressing

20
MIN

Your mission is to see what happens when you add emulsifiers to different combinations of molecules.

• Pair A sets up and runs Trial 1. Pair B sets up and runs Trial 2, using the same molecules in Trial 1, but with an
added emulsifier.

• Record the molecule combinations used in Trial 1 and Trial 2. Observe the differences and answer the first
question.

• Pair A sets up and runs Trial 3 while Pair B keeps Trial 2 on their screen.

• Record the molecule combinations used in Trial 3. Observe the differences between Trial 2 and Trial 3 and answer
the second question.
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55. D. Debrieebrief the inf the invveesstigtigation.ation. Keep the Simulation projected or allow students’ screens to be projected as needed as you
discuss students’ observations. Call on students to share what their group noticed and their explanations for the two
questions in the notebook. Ask if other groups noticed the same thing, or if they noticed something different.

The following are ideas that may come up in the class discussion. Record these on the board as students discuss. You
can prompt students to discuss any missing ideas as needed.

Above the statements you recorded on the board, write “Properties of Salad-Dressing Molecules.” Keep this list on the
board for the next lesson. Let students know that in the next lesson, they will have the opportunity to revisit their
models.

66. C. Collect digitollect digital deal devicviceess.. Ask students to make sure that their digital devices are turned off.

Possible Responses

What do we now know about the molecules of the two liquids (oil and vinegar) and the molecules of the emulsifier
(lecithin) that we will mix together to make salad dressing?

• Vinegar molecules are attracted to one another.

• Vinegar molecules and oil molecules are not attracted to one another.

• Lecithin is attracted to both vinegar molecules and oil molecules

• Due to this attraction, lecithin can cause vinegar and oil to mix evenly.

Simulation: ESimulation: Emulsifier modemulsifier mode
PPurpourposse:e: The purpose of this activity is for students to apply their understanding of emulsifiers in order to complete
missions in the Emulsifier mode of the Simulation.

What sWhat studenttudents should do and notics should do and notice in the Sim, Te in the Sim, Trial 1:rial 1: Pair A completes a mission to find two substances that do not
mix on their own. Any molecule combinations in which the different kinds of molecules have low attraction to one
another will allow students to successfully complete this mission. Students should notice that molecules of different
kinds are not connecting or forming clusters made up of both kinds of molecules. An example of Trial 1, using Molecules
1 and Molecules 5, is shown below.
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What sWhat studenttudents should do and notics should do and notice in the Sim, Te in the Sim, Trial 2:rial 2: Pair B completes a mission to mix the two substances from Trial
1 that do not mix on their own by adding an emulsifier. Students should notice that the emulsifier molecules connect to
both kinds of molecules, often at the same time, allowing clusters to form that are made of all three kinds of molecules.
An example of Trial 2, using Molecules 1 and Molecules 5 from Trial 1, plus an emulsifier, is shown below.
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What sWhat studenttudents should do and notics should do and notice in the Sim, Te in the Sim, Trial 3:rial 3: Pair A completes a mission to find two substances that are
mostly mixed or completely mixed without the addition of an emulsifier. Any of the following molecule combinations will
produce mostly or completely mixed results: Molecules 1 and 2, Molecules 1 and 4, Molecules 2 and 3, Molecules 2 and
4, Molecules 2 and 6, Molecules 3 and 4, and Molecules 4 and 6. Students should notice that the different kinds of
molecules connect and form clusters made of both kinds of molecules. An example of Trial 3, using Molecules 2 and
Molecules 4, is shown below.
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InInvveesstigtigation Notation Notebookebook
EEmulsifier Mismulsifier Missions in the Simulationsions in the Simulation (pages 78–79)

Answers in table will vary.

QQueuesstionstions
When there is no emulsifier, the two kinds of molecules do not connect or form clusters made up of different kinds of
molecules. When you add an emulsifier, both kinds of molecules connect to it.

In both trials, there were clusters of the two different kinds of molecules added. In Trial 3, the molecules connected to
one another. In Trial 2, the molecules always had an emulsifier between them.
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78

Name: _______________________________________ Date: ________________

Modeling Matter—Lesson 3.5

Emulsifier Missions in the Simulation

1. Pair A sets up and runs Trial 1. Pair B sets up and runs Trial 2, using the 
same molecules in Trial 1, but with an emulsifier.

2. Record the molecule combinations used in Trial 1 and Trial 2. Observe  
the differences and answer the first question (on the next page).

3. Pair A sets up and runs Trial 3 while Pair B keeps Trial 2 on their screen.

4. Record the molecule combinations used in Trial 3. Observe the 
differences between Trial 2 and Trial 3 and answer the second question 
(on the next page). 

Trial Level of attraction between molecules

Trial 1 (Pair A)

Find two substances that do 
not mix on their own.

Trial 2 (Pair B)

Use the two substances that 
Pair A found. Mix them with 
the help of an emulsifier.

Trial 3 (Pair A)

Find two substances that are 
mostly mixed or completely 
mixed without an emulsifier.

+ 
emulsifier

© 2018 The Regents of the University of California. All rights reserved. Permission granted to photocopy for classroom use.



79

Name: _______________________________________ Date: ________________

Modeling Matter—Lesson 3.5

Emulsifier Missions in the Simulation (continued)

Compare what you see at the nanoscale between substances that do not 
mix without an emulsifier (Trial 1) and substances that mix with the help of 
an emulsifier (Trial 2). What do you notice? 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Compare what you see at the nanoscale between substances that mix with 
the help of an emulsifier (Trial 2) and substances that mix without the help of 
an emulsifier (Trial 3). What do you notice?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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Pairs explore the Emulsifier mode of the Simulation.

Instructional Guide
1. P1. Prroject the Eoject the Emulsifier mode omulsifier mode of the Simulation.f the Simulation. Go to the Student Apps Page. Remind students how to select the
Emulsifier mode by pressing the button in the upper-left corner. Let students know that they will have a few minutes to
explore a new mode of the Simulation to see one model of how emulsifiers work at the nanoscale.

2. P2. Pairairs es explorxplore the Ee the Emulsifier modemulsifier mode.. Circulate as students work.

33. D. Debrieebrief the ef the explorxploration.ation. After five minutes or so, regain the class’s attention. Ask students to share what they noticed
in this mode of the Simulation. Keep your Sim projected so students can use it to point out things as they share. (You
will need to keep the Sim projected for the next activity as well.)

44. Highlight emulsifier molecule. Highlight emulsifier moleculess.. If students don’t bring it up, demonstrate how to add and take away emulsifier
molecules.

1 2

3
SIM

Exploring Emulsifiers in
the Simulation

4

Exploring Emulsifiers in the
Simulation

15
MIN

Probablemente notaron que las moléculas en el modo Emulsifier (emulsionante) son las mismas moléculas que
vieron en el modo Solubility (solubilidad), pero cuando eligen algunas combinaciones de moléculas, tienen la
opción de agregar moléculas de emulsionante que se comporten como la lecitina.

¿Por qué piensan que solo algunas combinaciones de moléculas tienen un emulsionante disponible y otras no?
[Las moléculas que crean una mezcla por sí solas no necesitan un emulsionante].

Algunos de ustedes podrían haber notado que revolver las moléculas ayuda a que las moléculas de emulsionante
interactúen con los otros tipos de moléculas en la placa de petri. Revolver las moléculas es similar a agitar los
viales en las Pruebas de estabilidad que hicieron en la lección anterior.
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Two sets of pairs work together to apply their understanding of emulsifiers by
completing missions in the Simulation.

Instructional Guide
1. P1. Prroject the Eoject the Emulsifier mode omulsifier mode of the Simulation.f the Simulation. Student Apps Page Let students know that now they will use what they
have learned about emulsifiers to complete missions in the Simulation. This will help them understand how emulsifiers
work to keep the oil and vinegar in salad dressing mixed.

2. S2. Set purpoet purpossee..

33. Intr. Introducoduce note notebook pebook pagagees and es and explain what sxplain what studenttudents will dos will do.. Have students turn to pages 78–79, Emulsifier Missions
in the Simulation, in their notebooks. Let students know that they will form groups of four and work together in two sets
of pairs. They will run different trials in the Simulation and compare the results. Review the directions.

44. Student. Students ins invveesstigtigatate with the Simulation.e with the Simulation. Give pairs approximately 10 minutes to work together. Remind students
that after they complete each trial, they can use the slider to go back and review the trial and make observations of how
the molecules interact at different points in time.

1 2 3

4
SIM

Using the Simulation to
Model Salad Dressing

Using the Simulation to Model
Salad Dressing

20
MIN

Su misión es ver qué sucede cuando agregan emulsionantes a diferentes combinaciones de moléculas.

• Pair A sets up and runs Trial 1. Pair B sets up and runs Trial 2, using the same molecules in Trial 1, but with an
added emulsifier.

• Record the molecule combinations used in Trial 1 and Trial 2. Observe the differences and answer the first
question.

• Pair A sets up and runs Trial 3 while Pair B keeps Trial 2 on their screen.

• Record the molecule combinations used in Trial 3. Observe the differences between Trial 2 and Trial 3 and answer
the second question.
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55. D. Debrieebrief the inf the invveesstigtigation.ation. Keep the Simulation projected or allow students’ screens to be projected as needed as you
discuss students’ observations. Call on students to share what their group noticed and their explanations for the two
questions in the notebook. Ask if other groups noticed the same thing, or if they noticed something different.

The following are ideas that may come up in the class discussion. Record these on the board as students discuss. You
can prompt students to discuss any missing ideas as needed.

Above the statements you recorded on the board, write “Properties of Salad-Dressing Molecules.” Keep this list on the
board for the next lesson. Let students know that in the next lesson, they will have the opportunity to revisit their
models.

66. C. Collect digitollect digital deal devicviceess.. Ask students to make sure that their digital devices are turned off.

Possible Responses

¿Qué sabemos ahora sobre las moléculas de los dos líquidos (aceite y vinagre) y las moléculas de emulsionante
(lecitina) que mezclaremos para hacer aderezo para ensaladas?

• Vinegar molecules are attracted to one another.

• Vinegar molecules and oil molecules are not attracted to one another.

• Lecithin is attracted to both vinegar molecules and oil molecules

• Due to this attraction, lecithin can cause vinegar and oil to mix evenly.

Simulation: ESimulation: Emulsifier modemulsifier mode
PPurpourposse:e: The purpose of this activity is for students to apply their understanding of emulsifiers in order to complete
missions in the Emulsifier mode of the Simulation.

What sWhat studenttudents should do and notics should do and notice in the Sim, Te in the Sim, Trial 1:rial 1: Pair A completes a mission to find two substances that do not
mix on their own. Any molecule combinations in which the different kinds of molecules have low attraction to one
another will allow students to successfully complete this mission. Students should notice that molecules of different
kinds are not connecting or forming clusters made up of both kinds of molecules. An example of Trial 1, using Molecules
1 and Molecules 5, is shown below.
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What sWhat studenttudents should do and notics should do and notice in the Sim, Te in the Sim, Trial 2:rial 2: Pair B completes a mission to mix the two substances from Trial
1 that do not mix on their own by adding an emulsifier. Students should notice that the emulsifier molecules connect to
both kinds of molecules, often at the same time, allowing clusters to form that are made of all three kinds of molecules.
An example of Trial 2, using Molecules 1 and Molecules 5 from Trial 1, plus an emulsifier, is shown below.
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What sWhat studenttudents should do and notics should do and notice in the Sim, Te in the Sim, Trial 3:rial 3: Pair A completes a mission to find two substances that are
mostly mixed or completely mixed without the addition of an emulsifier. Any of the following molecule combinations will
produce mostly or completely mixed results: Molecules 1 and 2, Molecules 1 and 4, Molecules 2 and 3, Molecules 2 and
4, Molecules 2 and 6, Molecules 3 and 4, and Molecules 4 and 6. Students should notice that the different kinds of
molecules connect and form clusters made of both kinds of molecules. An example of Trial 3, using Molecules 2 and
Molecules 4, is shown below.
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InInvveesstigtigation Notation Notebookebook
EEmulsifier Mismulsifier Missions in the Simulationsions in the Simulation (pages 78–79)

Answers in table will vary.

QQueuesstionstions
When there is no emulsifier, the two kinds of molecules do not connect or form clusters made up of different kinds of
molecules. When you add an emulsifier, both kinds of molecules connect to it.

In both trials, there were clusters of the two different kinds of molecules added. In Trial 3, the molecules connected to
one another. In Trial 2, the molecules always had an emulsifier between them.
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Nombre: ____________________________________ Fecha: ________________

Modelar la materia—Lección 2.10

Misiones de emulsionantes en la simulación

1. El par A prepara y realiza el ensayo 1. El par B prepara y realiza el 
ensayo 2 usando las mismas moléculas del ensayo 1, pero con un 
emulsionante.

2. Apunta las combinaciones de moléculas que se usaron en el ensayo 1 y 
el ensayo 2. Observa las diferencias y responde la primera pregunta (en 
la página siguiente).

3. El par A prepara y realiza el ensayo 3 mientras que el par B mantiene el 
ensayo 2 en su pantalla.

4. Apunta las combinaciones de moléculas que se usaron en el ensayo 3. 
Observa las diferencias entre el ensayo 2 y el ensayo 3, y responde la 
segunda pregunta (en la página siguiente). 

Ensayo Nivel de atracción entre moléculas

Ensayo 1 (Par A)

Busca dos sustancias que no se 
mezclan por sí mismas.

Ensayo 2 (Par B)

Usa las dos sustancias 
que encontró el par A. 
Mézclalas con la ayuda de un 
emulsionante.

Ensayo 3 (Par A)

Busca dos sustancias que estén 
prácticamente mezcladas o 
completamente mezcladas sin 
un emulsionante.

+ 
emulsionante

© 2018 The Regents of the University of California. All rights reserved.
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Nombre: ____________________________________ Fecha: ________________

Modelar la materia—Lección 2.10

Misiones de emulsionantes en la simulación (continuación)

Compara lo que ves en la nanoescala con sustancias que no se mezclan sin 
un emulsionante (ensayo 1) y con sustancias que se mezclan con la ayuda 
de un emulsionante (ensayo 2). ¿Qué notas? 

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

Compara lo que ves en la nanoescala con sustancias que se mezclan con la 
ayuda de un emulsionante (ensayo 2) y con sustancias que se mezclan sin 
la ayuda de un emulsionante (ensayo 3). ¿Qué notas?

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________

___________________________________________________________________
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