Lesson Plan – How Soap Cleans         


Objective:  Illustrate atomic and intermolecular bonding in an every day activity, such as washing hands. This lesson plan is suggested for a review and as a way to place a practical focus on lessons about atomic and molecular bonding.  The lecture can take the form of asking questions to elicit information previously taught. 


Grade Level: 8 - 12


Time:  One 55-minute class period for lecture and test.

Curriculum Standards for the ten most populous states:   

CA: 
Biology 1.a.; Chemistry 2.d
TX: 
Biology 112.43: 6(A)
NY: 
Math, Science, Technology: Standards 4, 5, 7
FL: 
Grade 8, Big Ideas 2, 3 & 4; Grades 9 -12: SC.912.N.1.1 - 3, 6, & 7; SC.912.n.2.1, 2, 4, & 5; SC012.N.3.1 - 5
IL: 
Science 12.C.3b, 12.D.4b
PA: 
Physical Science, Chemistry and Physics 3.4.10.A
OH: 
Grade 9: Physical Sciences 1, 2, 5, 6, 7
MI:
Science: Standard IV.1, IV.2
NJ: 
Chemistry 5.6.A
GA: 
Physical Science: SPS1
Materials:  (1) visual of diagrams to handout during the lecture or to show on a slide or draw on a board.  (2) 45 minute unit test. The answer key for this test is at the end of this Lesson Plan.

LECTURE:  [The lecture should be stated in the teacher’s own words.  What is contained here is a guide.]
Introduction: Soaps are sodium or potassium fatty acid salts, that have a long hydrocarbon chain called a “tail,” and a carboxylate (COO) “head.” We’ll use a sodium fatty acid as our example. 

An emulsifier such as soap, is a chemical which allows two liquids to combine where they would normally separate.  Oil and water don’t ordinarily mix together.  When we add soap, an emulsion of oil and water is created. The oil, dirt, and grease (which contains oils) are then carried away by the rinse water.  (Soaps do not clean by killing germs unless an antibacterial agent is added to the soap.)  

To understand how soap cleans our hands (or anything else for that matter), we must review what we have learned about: 

(1) how atoms become attached to each other to form molecules; and 

(2) how molecules attach to other molecules.

 

ATOMIC BONDING:  Ionic Bonds:  When the outermost electron of one atom transfers permanently to another atom, the atom that gains the electron becomes negatively charged and the atom that loses the electron becomes positively charged.  The electrostatic force (opposites attract) draws the two atoms together forming what is called an ionic bond. See Figure 2. This is a relatively weak atomic attraction and it has been said that a molecule formed by an ionic bond is not a true molecule because each atom retains its separateness.  

Covalent Bonds:  Atoms will share electrons in order to achieve the stable number of electrons in their valence shells.  The bond created by this sharing is called “covalent.” See Figure 2.  Covalent bonds are formed when two atoms have a tendency to gain electrons to become stable. At times, the molecules formed by covalent bonds, although they have a neutral electrical charge overall, are more negatively charged at some locations and more positively charged at others.  This is true of the water molecule.  The hydrogen atoms are slightly positively charged because their one electron is partially drawn toward the positive charge of the oxygen atom. The oxygen atom becomes slightly negatively charged because the electrons from the hydrogen atoms are taken into its valence shell. Water is a polar molecule in which parts of the molecule have a partial positive charge in one part and a complementary negative charge in another part.  The partial charges on the water molecule are shown in Figure 3.   For an excellent discussion of chemical bonding, see Vision Learning from the National Science Foundation.  
Soap’s Ionic and Covalent Bonds:  In soap, the bonds linking the hydrogen, carbon and oxygen atoms are strong, covalent bonds.  The only ionic bond in soap is the connection of the sodium molecule to the end of the carboxylate head. See Figures 1, 2 and 4.  The ionic bond is formed because the sodium atom has one electron in its outermost valence shell. It needs to either gain an electron or lose an electron to become stable. The oxygen atom has a total of 6 valence electrons and needs 8 to be stable.  The oxygen atom at the end of the carboxylate head covalently shares an electron with the carbon atom and gains another electron from the sodium atom.  The oxygen atom and the sodium atom are then attracted to each other because of the difference in their electrical charges.  Because the attraction is between ions (atoms with a positive or a negative electrical charge) this bond is called an “ionic bond.” See Figures 1, 2 and 4.  
INTERMOLECULAR ATTRACTIVE FORCES:  How Soap Acts as a Middleman, Attaching to Both Water and Oil.
Germs attached to our hands are usually found in dirt or grease. Dirt and grease are held together with oils. 

When soap is placed in water, the sodium atom dissociates completely from the soap molecule, leaving its one available electron with the oxygen atom.  The sodium becomes a positively charged ion.  The oxygen atom at the end of the soap’s carboxylate head becomes negatively charged.  The positively charged sodium ion is attracted to the slightly negatively charged oxygen portion of the water molecule. See Figures 4 and 5.  This attraction is called an ion-dipole interaction, because the sodium ion is attached to one of the poles of the water molecule.  
Soap Attaches to Water – the Hydrogen Intermolecular Bond:  When soap is dissolved in water, the carboxylate groups (hydrocarbon tails and carboxylate heads) that remain after the sodium ions dissociate, are negatively charged at the head.  More specifically, they have a negatively charged oxygen ion at the head.  As the soap dissolves, hydrogen bonds arise as a result of the attraction between the slightly positively charged hydrogen atoms in the water molecules and the negatively charged oxygen of the carboxylate heads.  See Figure 5. 

Hydrogen bonds are relatively strong intermolecular bonds, although they have only about a tenth of the strength of an average covalent bond between atoms.  For more on hydrogen bonding, see Intermolecular Bonding by Jim Clark.  For a movie on water hydrogen bonding to itself, see A Closer Look at Water.  

Soap Attaches to Grease -- the van der Waals Forces: Relatively weak electric forces that attract neutrally charged molecules to one another are called van der Waals forces.  Although a molecule’s total electrical charge is neutral it may, like water, have a structural polarity in which one part of the molecule is slightly negative and the other is slightly positive. (This is like hydrogen bonding, but not as strong and doesn’t involve molecules containing oxygen, nitrogen or fluorine.)  

Van der Waals forces arise because of the constant movement of electrons within a molecule. Even if the molecules are not polar (i.e., unlike water their structure does not dictate that different parts of the molecule will have different charges), at any one instant the electrons might find themselves at one side of a molecule.  At that instant, the side of the molecule would have a slight negative electrical charge ([image: image1.png]


-).  The other side will be temporarily short of electrons and so has a slightly positive electrical charge ([image: image2.png]


+). An instant later the electrons will be in a different place. For example, they may have moved to another side of the molecule, changing the momentary polarity of the molecule.  The movement of electrons causes rapidly fluctuating dipoles in even the most symmetrical molecule. 
As one molecule with an unbalanced electrical charge approaches another molecule with a balanced electrical charge, the attraction/repulsion characteristic of the electromagnetic force will cause the electrical charges in the neutral molecule to become unbalanced.  As the charges in one molecule change, they will evoke an opposite change in the other molecule.  However, since opposites attract, the two molecules will still be attracted to each other.  In fact, as long as the molecules stay close their polarities will fluctuate in synchronization, thereby maintaining the strength of the van der Waals bond.  Click here for more on van der Waals forces.  See Figure 7 for a representation of how soap attaches a molecule of grease to a water molecule.

The van der Waals forces are too weak for one soap molecule to remove a grease molecule from the mass of grease and to attach that molecule to water.  Nature solves this problem through the micelle.  The tails of the soap molecule, weakly attracted to the grease by the van der Waals forces, form a bubble around the grease particle, with the tails pointing inward toward the grease and the heads pointing outward to the surrounding water. This sphere is shown in Figure 8.   A micelle is formed for every particle of grease carried away by the rinse water.  The negatively charged carboxylate heads (actually an oxygen ion) of the micelle’s soap molecules attach to the positively charged hydrogen atoms of the water molecules using hydrogen bonds. When the water is rinsed, the micelle containing the grease (which is now attached to the water)  goes down the drain.


Warm Water vs. Cold Water

The effectiveness of soap is increased when one uses warm water instead of cold water. Water at a higher temperature increases the fluidity of the fatty acid portion of the soap molecule.  It also increases the energy of the water molecules, which makes them move faster and farther.  This increased mobility of both the soap and water molecules makes them mix more completely and helps the soap “grab” both water molecules and grease molecules. 

Test on How Soap Works With Answer Key:  (For the test without the answers, suitable to be passed out to the class, see test.)
1.   The following statement is false, tell us why.  “Ordinary soap helps to clean our hands by killing germs.” 

Suggested Response:  Germs are primarily found in oily substances, such as dirt and grease.  Soap molecules attract oil molecules on one side and water molecules on the other side.  The germs in the oily dirt are washed away with the oil and grease when we rinse our hands with water.  Soap doesn’t kill the germs, it washes them away. 

2. What type of atomic bonds connect the atoms in the tail of the soap molecule to each other?

Suggested Response:  Covalent atomic bonds.

3.  What type of atomic bond connects the head of the soap molecule to the sodium atom?

Suggested Response:  An ionic bond.

4.  Which type of atomic bond is stronger, covalent or ionic?  Why?

Suggested Response:  Covalent bonds are generally stronger than ionic bonds because electrons are actually shared by the two atoms in a covalent bond.  In an ionic bond, an electron migrates from one atom to another.  The atoms are then attracted by the differences in their electric charge.

5.  Draw a Lewis Dot Structure diagram of one of the links in the hydrocarbon chain of the tail of a soap molecule.

Suggested Response: The diagram should show the carbon atom surrounded by two hydrogen atoms and two other carbon atoms, each covalently sharing one electron.

6.  What is a polar molecule?  Draw a diagram of a water molecule showing its polarity.

Suggested Response:  A molecule in which the electric charge is not evenly distributed and which therefore has regions of partial negative charge and regions of partial positive charge.   Water is an example of a polar molecule. The drawing should approximate Figure 3.

7.  What type of molecular bonds are involved in the water/soap/grease interaction? Describe how they are different. (Counts for two points)  


Suggested Response: The two types of molecular bonds involved in the water/soap/grease interaction are hydrogen bonds and van der Waals forces.  A hydrogen bond occurs when a slightly positively charged hydrogen atom in one molecule is attracted to a slightly positively charged region of an oxygen, nitrogen, or fluorine atom.  In our example, water (specifically one of the positively charged hydrogen atoms on the water molecule) becomes attached to the negatively charged oxygen ion at the end of the carboxylate head of the soap molecule. The van der Waals forces, which attach the soap molecules to grease or dirt, are based on the shifting polarities of otherwise neutral atoms.  Grease is attracted to the tail of the soap molecule by van der Waals forces. 

8.  What is the role of the micelle in the way in which soap works?  (Counts for two points)

Suggested Response: The van der Waals forces attracting the tail of the soap to the grease molecule are not sufficiently strong to dislodge the grease and carry it away. The micelle is created by the attraction of many fatty acid tails to the grease molecule, creating a sphere-like bubble with the grease in the middle. The negatively charged carboxylate heads of the soap molecules attach to water molecules through hydrogen bonds.  When the water is flushed down the drain, the water/soap drags the grease with it. 
Extra Credit:  Describe how van der Waals forces work in molecules that do not have structural polarity.

Suggested Response: Electrons are constantly in motion. At any one instant they might find themselves at one side of a molecule, making that side slightly negative ([image: image3.png]


-).  The other side will be temporarily short of electrons and so becomes slightly positive ([image: image4.png]


+).  An instant later, the electrons will be in a different place, for example, they may have moved to another side of the molecule, changing the polarity of the molecule. 

As one molecule with an unbalanced electrical charge approaches another that is balanced, the attraction/repulsion characteristic of the electromagnetic force will cause the electrical charges in the balanced molecule to become unbalanced.  As the charges in one molecule change, they will evoke an opposite change in the other molecule.  However, since opposites attract, the two molecules will still be attracted to each other.  In fact, as long as the molecules stay close to each other their polarities will fluctuate in synchronization thereby maintaining the strength of the van der Waals bond.  

©  TeachWithMovies.com    Licensed pursuant to http://www.teachwithmovies.org/terms-of-use.html
Figure 1 -- Soap Molecule -- Sodium fatty acid salt (soap). Notice the fatty acid tail, which consists of a hydrocarbon chain and the carboxylate (COO) head attached to the sodium (Na) molecule by an ionic bond.
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Figure 2.  Atomic Bonding:  Ionic and covalent bonds with one electron 





Figure 3. Polarity of Water.   Water has an uneven charge distribution and is therefore called a “polar” molecule.
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Figure  4.  Lewis Dot Structure of Carbon-Oxygen-Sodium Atomic Bonding of Soap Before it is Dissolved in Water. The sodium atom has only one electron in its outermost valence shell, and needs either to lose one electron or to gain one electron to be stable.  In this instance , it loses an electron to the valence shell of the oxygen atom. 
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Figure 5 -- Soap molecule immersed in water. The sodium molecule (Na) completely dissociates from the rest of the soap molecule, leaving the oxygen atom at the end of its carboxylate head negatively charged.   By completely dissociating itself from the soap molecule, the sodium atom leaves its electron with the oxygen atom at the end of the carboxylate head, and therefore has a positive charge. 








H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





H





C





H





O





C





O-





Na





Hydrogen bond








Ion-dipole interaction





Negatively charged





(-





(+





(-





(+





van der Waals Forces





Figure 6.  van der Waals Forces
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Figure 7 – How Soap Attaches a Grease Molecule to a Water Molecule.  The grease molecule interacts with the hydrophobic tail region of the soap molecule, while the partial positive charges on the hydrogen atoms of the water molecule are attracted to the negative charge on the carboxylic head.
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Figure 8. Two Dimensional Representation of a Soap Micelle.  The hydrophobic tails of the soap molecule are attracted to the grease molecules because of van der Waals forces. The negatively charged oxygen atoms of the soap carboxylate heads have a hydrogen bond with the partial positive charge on the hydrogen atoms of the water molecule. When we wash our hands, the soap molecules form a micelle around the grease.  The soap molecules attach to water molecules which carry the grease away when rinsed down the drain.  
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