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	CHAPTER 6

Developing Ideas

ACTIVITY 7 HW: Solubility and Energy


Chapter 6

Activity 7 Homework


Name: ________________________________ Date: _______________ Group: ______

In Chapter 5 Activity 6 you discovered that temperature affects the amount of a material that will dissolve in water. Dissolving is very similar to chemical change, but instead of breaking and forming chemical bonds between atoms, attractive electrostatic forces between “particles” (which could be atoms, molecules, or formula units) are broken and formed.  In this activity we will use the Small Particle Model to describe solubility at the particle level. We will focus on the role of attractive electrostatic forces between particles and energy.

For single materials, potential energy at the microscopic level arises from the attractive electrostatic forces between the particles of the material. All particles of a material have the same attraction between them. However, when a material dissolves in another material, two additional interactions are introduced. In a solution, there are three types of attractive electrostatic forces: solvent-solvent, solute-solute, and solvent-solute. 

Similar to chemical changes, the change in potential energy when a material dissolves in another material is given by the following relationship:

Change in potential energy = 

Energy of attractive electrostatic forces broken

– Energy of attractive electrostatic forces formed 

This relationship represents the process of breaking solvent-solvent and solute-solute attractive electrostatic forces and forming new solvent-solute attractive electrostatic forces as a material dissolves.

Let's consider this relationship for two cases that we've observed: baking soda and carbon dioxide dissolving in water. 

How does the Small Particle Model explain why potential energy increases when baking soda dissolves in water?

If we were to dissolve a large enough quantity of a solid in water, we would feel the container (surroundings) get colder.  Recall, that we made the same observation for an endothermic chemical change.
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Tip: You can hold down the "Caol” and "Heat’ buttons to continuously caol/heat the system. Each fime a fixed amount of energy will be taken aut when you hit the "Caal” button, ar added in when you hit the
"Heat" button. Depending on how hot or how cold your system currently is, the time to slow down or speed up the motion of the molecules may vary

Table salt (sodium chioride) dissolves in water because the attractions to Na+ and Cl- from water molecules become strong enough to break the ionic bonds. See the same ionic crystal in the absence of water molecules

Related simulation: Water shell around ions
Related simulation: Solvation of larger molecules
Related simulation: Hydrophobicity

Related simulation: Hydrophilicity.
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  Given that the dissolving process for typical solids, like baking soda, is endothermic, will heat energy be transferred to or from the system during dissolving?
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  Given that the dissolving process for typical solids, like baking soda, is endothermic, will the system increase or decrease in potential energy during dissolving?

[image: image3.jpg]


  If the change in potential energy when a material dissolves in another material is given by the following relationship:

Change in potential energy = 

Energy of attractive electrostatic forces broken

– Energy of attractive electrostatic forces formed 

         Which is greater in magnitude—the energy of attractive electrostatic forces broken or the energy of attractive electrostatic forces formed—when a solid dissolves?
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  If we compare the relative strengths of attractive electrostatic forces between solids at room compared to liquids (or solutions) at room temperature, does your answer to the previous question make sense?

How does the Small Particle Model explain why potential energy decreases when carbon dioxide dissolves in water?

If we were to dissolve a large enough quantity of a gas in water, we would feel the container (surroundings) get warmer.  Recall, that we made the same observation for an exothermic chemical change.
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  Given that the dissolving process for typical gases, like carbon dioxide, is exothermic, will heat energy be transferred to or from the system during dissolving?

[image: image6.jpg]


  Given that the dissolving process for typical gases, like carbon dioxide, is exothermic, will the system increase or decrease in potential energy during dissolving?
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  If the change in potential energy when a material dissolves in another material is given by the following relationship:

Change in potential energy = 

Energy of attractive electrostatic forces broken

– Energy of attractive electrostatic forces formed 

         Which is greater in magnitude— the energy of attractive electrostatic forces broken or the energy of attractive electrostatic forces formed —when a gas dissolves?
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  If we compare the relative strengths of attractive electrostatic forces between gases at room compared to liquids (or solutions) at room temperature, does your answer to the previous question make sense?

Energy Diagrams and Temperature Effects on Solubility
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Sketch the Micro I/O energy diagram for a typical solid, such as baking soda, dissolving in water at room temperature. 
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  Your energy diagram should look quite similar to that of an endothermic chemical change.  If you could somehow indicate the magnitude of the change in potential energy for dissolving a solid, would you expect it to be less than or greater than an endothermic chemical change? Explain your reasoning.
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Given the direction of heat energy transfer in your I/O energy diagram, what will happen as more heat energy is transferred into the system? Will more or less baking soda dissolve? Why?
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Sketch the Micro I/O energy diagram for a typical gas, such as carbon dioxide, dissolving in water at room temperature. 
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  Your energy diagram should look quite similar to that of an exothermic chemical change.  If you could somehow indicate the magnitude of the change in potential energy for dissolving a gas, would you expect it to be less than or greater than an exothermic chemical change? Explain your reasoning.
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Given the direction of heat energy transfer in your I/O energy diagram, what will happen as more heat energy is transferred into the system? Will more or less carbon dioxide dissolve? Why?

Simulator Exploration #1:  A closer look at dissolving

Recall from Chapter 5 Activity 6 HW that polar materials like water dissolve other polar materials.  Table sugar, called sucrose (C12H22O11), is a large molecule, nearly 20 times more massive than water. Most molecules this size would be nonpolar, but sucrose contains a particular functional group that makes it surprisingly soluble.  A functional group is simply a grouping of atoms that imparts physical and chemical properties to a molecule. In the case of sucrose, the functional group is an oxygen bonded to a hydrogen (or O-H).  Each of these O-H groups is also bonded to a carbon atom. The O-H bond is extremely polar, and because there are so many O-H groups, they impart polarity to the sucrose molecule.
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Circle all of the O-H groups in the structure of sucrose. How many O-H groups are there?
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To complete this exploration you will need to use Molecular Workbench. If you wish to download Molecular Workbench to your home computer, visit the following url: http://mw.concord.org/modeler/index.html and click on “THIS LINK” near the top of the page.
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STEP 1. Open Molecular Workbench. Select Library Models and then Water Molecules and Solutions. Select the “Solvation of Polar Molecules” model.

You should see:

If you see a different representation, use the pull down menus and check boxes to generate a similar image.

In this model, polar molecules such as sucrose are shown as large “blobs”. Water molecules appear like little mouse heads (with red spheres representing oxygen and white spheres representing hydrogen). Strong attractive electrostatic forces between water molecules and between water molecules and the sucrose molecule are shown as dashed lines.

STEP 2.  Run the simulator by clicking the Play button at the bottom of the simulator.
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Describe what you see.

STEP 3.  Now click on the box next to “Show Water Charge”

[image: image28.jpg]The positive and negative charges that appear represent permanent dipoles (NOT ion charges) that exist in the molecules due to unequal sharing of electrons between different atoms. For example, when oxygen shares electrons with hydrogen in a covalent bond, oxygen attracts these shared electrons more than the hydrogen. This makes the O-H bond polar, with a more negatively charged region near the oxygen and a more positively charged region near the hydrogen. 

Study the water molecules as they interact with one another.
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As two water molecules interact with each other, when do the strong attractive forces form—when two positive hydrogens interact, when two negative oxygens interact, when a positive hydrogen and a negative oxygen interact?

Study the water molecules as they interact with the polar sucrose blob. 

[image: image19.jpg]



As the water molecules interact with the sucrose, when do the strong attractive forces form with the positive region of the sucrose—when positive hydrogens interact with the positive region or when negative oxygens interact with the positive region?
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As the water molecules interact with the sucrose, when do the strong attractive forces form with the negative region of the sucrose—when positive hydrogens interact with the negative region or when negative oxygens interact with the negative region?

Recall from Chapter 5 Activity 6 HW that polar materials like water also dissolve electrically charged materials. Ionic compounds consist of electrically charged atoms, called ions.  

STEP 4. User your browser’s Back button to navigate back to the Water Molecules and Solutions index. Select the “Dissolving Salt in Water” model.
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You should see:

If you see a different representation, use the pull down menus and check boxes to generate a similar image.

STEP 5.  Now click on the boxes next to “Show Hydrogen Bonds” and “Show Charge”.

The positive and negative charges that appear on the water molecules represent permanent dipoles (NOT ion charges) that exist in the molecules due to unequal sharing of electrons between different atoms. The positive and negative charges on the solid configuration of salt represent sodium and chloride ion charges.
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What color sphere represents the chloride ion? What color sphere represents the sodium ion? Explain your reasoning.

STEP 6.  Run the simulator by clicking the Play button at the bottom of the simulator and allow the simulator to run for at least 30 seconds.

Study the water molecules as they interact with the solid configuration of ions. 
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As the water molecules interact with sodium ions, when do the strong attractive forces form—when positive hydrogens interact with the sodium ion or when negative oxygens interact with the sodium ion.
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As the water molecules interact with chloride ions, when do the strong attractive forces form—when positive hydrogens interact with the chloride ion or when negative oxygens interact with the chloride ion.

STEP 7. Now click on the heat button ten times and allow the simulator to run for at least 30 seconds. 
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Describe what happens when the system is heated.
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At higher temperatures, which interactions appear to be stronger― solute-solute or solvent-solute interactions? Explain your reasoning.
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Tip: You can hold down the "Caol” and "Heat’ buttons to continuously caol/heat the system. Each fime a fixed amount of energy will be taken aut when you hit the "Caal” button, ar added in when you hit the
"Heat" button. Depending on how hot or how cold your system currently is, the time to slow down or speed up the motion of the molecules may vary

Table salt (sodium chioride) dissolves in water because the attractions to Na+ and Cl- from water molecules become strong enough to break the ionic bonds. See the same ionic crystal in the absence of water molecules

Related simulation: Water shell around ions
Related simulation: Solvation of larger molecules
Related simulation: Hydrophobicity

Related simulation: Hydrophilicity.
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