Module: Nature of Matter
Topic Area: Background
Benchmark/Lesson: SC.A.1.2, SC.A.2.2
______________________________________________________________________

Module Background

Matter is defined as anything that takes up space. It is what makes up all material; living and non-living. Matter can be measured because it has mass, it can be manipulated into several forms through physical and chemical changes via energy and it is characterized by its chemical and physical properties.  There exist four states of matter within most of the range of pressures and temperatures (Bose-Einstein condensate is a state of matter that exists at extremely low temperatures that are close to absolute temperature of 0 Kelvin); solid, liquid, gas, and plasma.  Matters in a solid state displays a definite shape and volume, higher density than the liquid form, and very low contraction and expansion coefficients. The liquid phase has no definite shape (could take the shape of any container). However, its volume is constant. Liquids also have high densities and slight expansion and contraction coefficients. Gases lack definite shapes and volumes. Gases are equivalent to liquids in the sense that they display indefinite shapes. However, they differ from liquids due to the change in volume occupied by the same number of gas particles (through a change in temperature or/and pressure). In physical chemistry, plasma is defined as the gaseous state of hot ionized material consisting of ions and electrons in a state different from the state of matter displayed by normal gases. The four states of matter or phases can be manipulated from one form into another by adding or removing energy (please consult the Energy Module for further information about the different types of energy.)
There are two kinds of properties in which matter can be characterized: physical and chemical.  A substance chemical property is the substances ability to react with other types of matter by changing the inherent chemical composition. Chemical properties include ph levels, reactivity, heat of combustion, etc… A substances physical property is the substances physical characteristics such as color, texture, smell, surface characteristics, freezing point, melting point, boiling point, electrical/thermal conductivity, etc.... A physical property can either be intensive or extensive.  An intensive property is one that does not depend on the amount of matter present such as temperature or density. An extensive property does depend on the amount of substance such as mass and volume.  
Matter can also undergo physical and chemical changes. A physical change is one in which a substance undergoes a change in physical characteristic. A chemical change involves a change in the chemical composition of the substance. 

As defined above solids are objects that have definite shape and volume. Liquids are defined as substances that take the shape of the container that they are in and have definite volumes. Gases do not have a definite shape or volume. On a microscopic level the particles in a liquid move pass each other giving the characteristic flowing phenomenon of a liquid. A solid has a very rigid arrangement. The particles vibrate in stead of having the ability to move pass each other. However, with the appropriate amount of heat energy the bonds that hold the arrangement together can be broken leading to a liquid or gaseous state. The particles in a gas are separated from one another and are very random in their movement.
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Figure 1: Atomic disposition in the solid, liquid, and gas states.
Matter can be divided into two categories: substances and mixtures. Substances can be further broken down into elements or compounds. A mixture can be broken down into a homogenous (also known as a solution) or a heterogeneous mixture.
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Figure 2: hierarchical composition of matter.
An element is a substance made up of only one kind of atom. A substance made up of more than one kind of atom is considered a compound or a mixture. Elements are found in the periodic table of elements. Out of the 115 elements that are known 25 are unstable in nature.  Dimitri Mendeleev was given credit for establishing the periodic table that would lead to the modern periodic table.  The modern periodic table is arranged in seven horizontal periods and 18 vertical columns known as groups or families.  Elements in the same group (family) have similar chemical properties.    The periodic table is also divided into main group elements (A) and transition metals (B). This arrangement is commonly used in the United States.  The groups are also numbered from 1 to 18 according to the system adopted by the International Union of Pure and Applied Chemistry (IUPAC).    Collectively the elements are divided into metals and non-metals.  This division is separated by either a heavy darkened line or a colored section of elements known as the metalloids (Al, Ga, Ge, In, Sn, Sb, Tl, Pb, Bi, and Po) that form a step. Metals are located to the left of this section.   Nonmetals are located to the right of this section.
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Figure 3: Representation of the periodic table [3].
Elements (or atoms of theses elements) combine chemically to form compounds.  Simply, each atom reacts to complete an octet or a stable configuration of its valence electrons.  When theses elements combine we say that they are held together by a bond. This bond represents the forces that hold the electrons of these atoms together. A representation of an ionic bond between Sodium (Na) and Chloride (Cl) is show in figure 4. Notice how chloride “likes” sodium because it has the missing electron that it needs to complete the “magical” 8 electrons in the outer shell.
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Figure 4: Lewis dot representation of the valence electrons in Sodium chloride (table salt).
Chemical compounds are formed by the joining of two or more atoms. A stable compound occurs when the total energy of the combination has lower energy than the separated atoms. The bound state implies a net attractive force between the atoms [6]. There are five main chemical bonds; covalent bond, ionic bond, metallic bond, van der Waals bond, and hydrogen bonding. Covalent chemical bonds (figure 5) involve the sharing of a pair of valence electrons by two atoms, in contrast to the transfer of electrons in ionic bonds. A good representation of the difference between covalent and ionic bonds is shown in figure 6. Metallic bonds, on the other hand suggests that there is a strong attractive force between the atoms, yet metals display good electric conductivity, which tells us that there is free electronic movement throughout the material. In metals, there exists a highly ordered crystal structure that presents an “easy” flow of positive and negative charges. One can think of metallic crystal structures as a three dimensional highway grid, where electrons (negative charges) and holes (positive charges) freely move from one atom to another while keeping the overall charge at a neutral state.
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Figure 5: Different representations of a covalent bond found in methane gas CH4 [5].
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Figure 6: Representation of different types of compounds based on the outer shell electronic distribution [7]. 
Figure 7 shows a representation of the highly ordered crystal structure that exists in metals. 
Figure 7: Representation of a unit cell within the crystal structure of iron [8].
Van der Waal bonds are found in liquid water where molecules are attracted to each other by electrostatic forces, and these forces have been described as van der Waals forces. They are also found in solid materials such as graphite, which one form of carbon that has organized it self in parallel planes weld together by Van der Waal’s forces. Hydrogen bonding differs from other uses of the word “bond” since it is a force of attraction between a hydrogen atom in one molecule and a small atom of high electro-negativity in another molecule.

Matter can be manipulated into different phases and chemical reactions the formation of bonds (absorbing energy) and the breaking of bonds (releasing energy).  There are many forms of energy.  Energy can be in the form of heat energy, radiant energy, etc…
Absorbing or releasing heat manipulates the phases of matter.  Sublimation is the process of a solid going straight into the vapor phase (gas) without going through the liquid phase first.  This process illustrates that the bonds holding the solid particles together was enough energy to not only overcome the forces that hold the solid together, but to also overcome the forces that may hold a liquid together.  The opposite of this process is called deposition…..

Figure 8: Illustration of the heat transfer between physical phase changes of matter [4].
Nature of Matter, Material Science/Engineering, and Nanotechnology

Material Science and Engineering is an interdisciplinary field that uses nature of matter concepts to develop an understanding of the composition (chemical constitution of a material), structure (description of the arrangement of atoms at different levels of detail, i.e. macro, micro, and nano), synthesis (how materials are combined from different naturally or man made chemical components), processing (change in the materials structure through manufacturing processes to form a useful end-product) , and performance of existing and novel materials at the macro, micro and nanostructure level. 

There are five groups of materials classified in the material science:

· Metals and Alloys

· Ceramics, glasses, and glass-ceramics

· Polymers

· Semiconductors

· Composite materials

Each of these groups has different material structures that give them their distinctive properties. Metals and Alloys, for example, have good electrical and thermal conductivity. Materials like aluminum, copper, nickel, iron zinc, and magnesium are metals used in different applications where a combination of high strength, high stiffness, ductility, and shock resistance are needed. Copper and aluminum are particularly used as electrical wires due to there superior electrical conductivity capabilities and their relative abundance. Ceramics, glasses, and glass-ceramics are inorganic crystalline materials. They could be natural or man made. Examples of natural ceramic materials are beach and rock sand. Ceramic properties include poor heat conductivity, very high melting points, high strength and hardness, and brittleness. Applications of ceramics and glasses include microelectronics substrates, electrical insulators, spark plugs, and capacitors. Polymers are typically organic materials. A process called polymerization produces these materials. Polymeric materials include rubber, which is also called an elastomer, and many types of adhesives. Polymers are good electric insulators; they can also provide good thermal insulation. Semiconductors, such as silicon, germanium, and gallium arsenide, have a very interesting electrical property. When doped (have impurities added to them), electricity can travel in a selective fashion. Finally, composites are formed from two or more different materials, which allows for a combining different useful properties into one material. Examples of composite materials include plywood, fiberglass, concrete, etc…
Materials come in different forms and shapes. Their macro structure differs from its micro and nanostructure, due to the way atoms cluster and take different configurations. Let’s explore the meaning of macro, micro, and nano and how are they related? 

When considering the measurement of an object’s dimensions, the macro scale is synonymous with anything clearly visible with the naked eye. Usually, any object with dimensions above one millimeter in dimension is considered in the macro scale. Micro, on the other hand, represents dimensions falling between 1 millimeter and 1 micrometer [µm] or a thousandth of a millimeter. A nanometer [nm] is 1 millionth of a millimeter and any object with dimensions falling between a 1 nm and 1 µm is considered in the nanometer range. For research purposes however, nanoscale is defined as the range falling between 1 and 100 nm. Figure 5 shows different objects and there position in the metric ladder ranging from the macro scale to the nanoscale. Generalizing these concepts we extend the prefixes macro, micro, and nano to other units of measurements such as the second (micro, and nanoseconds) etc…

Now that we know what a nano is, let’s discuss this buzz word that is Nanotechnology. The prefix “nano” is derived from the Greek word dwarf. Any object in this universe is built from elements (atoms and molecules) the size of which falls in the tenths of a nanometer. For a while now, chemists have mastered certain techniques that manipulate the general atomic or molecular structures of certain materials (especially organic materials) to develop new materials such as polymers. Nanotechnology promises a lot more than manipulating a solution to alter its atomic composition. New research is open the way to individual control of atoms and molecules as elemental building blocks of new materials. In a nut shell, Nanotechnology aims at controlling and manipulating the smallest possible structures to develop products that range from minute computers with intelligent decision making capabilities, to nanoscale motors that will propel the drug delivery systems of the future. From miniature magnetic disks that hold every manuscript ever written or printed to nanorobots that attack cancer cell with pinpoint accuracy, “Nanotechnology is the builder’s final frontier” [R. Smalley1].
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Figure 9: Illustration of the vast range of objects between macro and nanoscales.

Nanotechnology is still at its infancy stage. The interest in nanoscale science and technology has started since the 1940’s and 50’s when engineers invented the vacuum tube and the transistor. It was Dr. Richard Feynman who envisioned a coming era of Nanoscience and technology, when he presented his 1959 lecture titled “There’s Plenty of Room in the Bottom” [2]. The maturity level of Nanotechnology is expected in the very near future though. Thanks to the exponential increase in research spending and scientists involved, the 21st century holds promising grounds for Nanotechnology. Nanotechnology is a multidisciplinary area with researchers from chemistry, physics, material science, mechanical engineering, electrical engineering, chemical engineering, Industrial engineering, medicine, etc…Scientists forecast that Nanoscience and Nanotechnology bring the largest amount of advances and will impact all the aspects of our lives.  
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http://itri.loyola.edu/nano/IWGN.Worldwide.Study/
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Module:  Nature of Matter
Topic: States of Matter
Benchmark/Lesson: 

Lesson 1: Solids, liquids and gases
Objective

Students will learn and understand the meaning of the words solid, liquid, and gas. Students will also understand that solids, liquids and gases represent all forms of matter. Matter being that which takes up space and has mass. Students will final be introduced to the concept of a molecule.
Lesson Background 

Chemistry is a science that studies change; specifically the change in matter through observation and measurement. Matter is anything that occupies space and has mass. 

Matter also has composition.  There are three states of Matter: solid, liquid, and gas. A solid is defined as a substance that maintains its shape and volume.  A liquid has a specific volume, but takes the shape of the container in which it is placed in. A gas has neither a fixed shape or volume.
Math Skills

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials ( per group of three)
1 Paper cup
1 Zip-lock baggie filled with water

2 empty zip-lock bags

1 Pencil

1 solid object such as a rock or a ball
Engaging Question

1. What is the difference between mass and weight?
2. Can a solid become a liquid? Can a liquid become a gas?
Student Pre-lab Activity 
See Attached Pre-lab Activity Sheet ( Definitions)
Procedure

       Have each group prepare each demonstration, but lead them through the activity by doing it with them in front of the class.
1. Hold up a zip-lock bag containing the solid (rock, ball, etc.) 

· Introduce term "solid" Take it out.  Ask children to feel it, look at it, etc.  

· Does it take up space?  Does it have weight?  Does it keep its shape?  Ask for other examples of solids, other properties of solids suggested by children.
2. Record on chart or board.  
3. Hold up baggie with water.  Introduce "liquid".  Pass it  around.  
· Does it take up space?  Can you see it?  Does it have weight?  
· Does it keep its shape?        
4. Pour water into cup so children can see that the liquid takes the shape of its container.

5. List other liquids, discuss their properties.
6. Record on chart or board.  
7. Blow air into third, empty baggie.  
· Introduce “gas.”   What's in the baggie?  Does it take up space?  Does it have weight?  (Accept the answer"no".)  
· Does it keep its shape?  (Let air out of the bag and  ask children where it went.)  

8. Discuss other properties, other gases, if any, that children may know the names of.  Let them inhale and see how lungs expand like a balloon.  
9. Review from board or chart properties of solids, liquids, gases.                                 

 Post Lab Activity
       See Attached Post-lab Activity Sheet
Drawing Conclusions/Discussion Questions

1. Discuss observations recorded on the bored.
Extended Activity

1. Have students write a short essay explaining the difference between solid, liquid and gases.
Interdisciplinary Activites

1. Have students write a short essay explaining the difference between solid, liquid and gases.

Suggested Sources/Websites


Student Experiment Packet

Pre-lab Activity -  Star Wars Video

Experiment 

Hypothesis

Materials
Procedure

Drawing Conclusions/Discussion Questions

Post-lab Activity – Written Report/Presentation

Module:  Nature of Matter

Topic: States of Matter

Benchmark/Lesson: 

Lesson 2: A Matter of Ballons

Objective

Students will learn and understand the meaning of the words solid, liquid, and gas. Students will also understand that solids, liquids and gases represent all forms of matter. Matter being that which takes up space and has weight. Students will final be introduced to the concept of a molecule.

Lesson Background 

Chemistry is a science that studies change; specifically the change in matter through observation and measurement. Matter is anything that occupies space and has mass. 

Matter also has composition.  There are three states of Matter: solid, liquid, and gas. A solid is defined as a substance that maintains its shape and volume.  A liquid has a specific volume, but takes the shape of the container in which it is placed in. A gas has neither a fixed shape or volume. 
Math Skills

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials

· 3 balloons for each group: one filled with frozen water, one with water, one with air.

· one scissors for each group

·  one empty bowl for each of group

· chart paper and markers  for each group
Engaging Question

1. Is there a difference in the texture of a solid, liquid, or gas?
Student Pre-lab Activity 

Lesson 1 in the Nature of Matter Module
Procedure

1. Pass out to each group the materials.
2. Tell  the students they are going to investigate the contents of the three balloons and write  their observations on chart paper.  
3. Have the students feel the frozen balloon and cut the rubber off with a pair of scissors.  
4. Discuss what they see and feel.  
5. Do the same with the water balloon, observing the properties of the water both when it is in the balloon and as they pour it into the dish or bowl.  
6. Record observations.  
7. Feel  the balloon with air.  Let the air out.  Write observations. 
8.  Encourage use of descriptive words such as "hard, invisible, wet, splashy," etc.  

9. Discuss all observations of all groups.  Combine onto large chart with the three headings of solid, liquid, gas.  Try to accept all observations as valid. 

 Post Lab Activity
       See Attached Post-lab Activity Sheet

Drawing Conclusions/Discussion Questions

1. Discuss observations recorded on the bored.

2. Why do you think the balloon was used to identify the different textures of a solid, liquid, and gas

Extended Activity

1. Have students write a short essay explaining the difference between solid, liquid and gases.

Suggested Sources/Websites


Student Experiment Packet

Pre-lab Activity -  Star Wars Video

Experiment 

Hypothesis

Materials
Procedure

Drawing Conclusions/Discussion Questions

Post-lab Activity – Written Report/Presentation

Module:  Nature of Matter

Topic: States of Matter

Benchmark/Lesson: 

Lesson 3: Particles of Matter

Objective

Students will learn and understand the meaning of the words solid, liquid, and gas. Students will also understand that solids, liquids and gases represent all forms of matter. Matter being that which takes up space and has weight. Students will final be introduced to the concept of a molecule.

Lesson Background 

Chemistry is a science that studies change; specifically the change in matter through observation and measurement. Matter is anything that occupies space and has mass. 

Matter also has composition.  There are three states of Matter: solid, liquid, and gas. A solid is defined as a substance that maintains its shape and volume.  A liquid has a specific volume, but takes the shape of the container in which it is placed in. A gas has neither a fixed shape or volume.
Math Skills

Conversion

Multiplication

Division

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials

small pieces of paper in three different colors, 

one for each child in the class

Engaging Question

Student Pre-lab Activity 

See Attached Pre-lab Activity Sheet
Procedure

1. Begin by telling the children that all matter is composed of tiny particles called molecules.  
2. Pass out colored papers.  
· Have all children with "yellow" come up and demonstrate what the molecules in a solid might look like. 

· Packed very tightly together; this is why a solid keeps its shape and may feel hard.  
· The next group of children ("blues") come up and demonstrate how the molecules of a liquid act 
· Farther apart moving, which allows us to pour a liquid.  
· Third group demonstrates molecules of a gas 
· Far apart: moving rapidly

3. Have students draw the movement of particles in a solid, liquid and gas on the post-lab activity sheet.
 Post Lab Activity
       See Attached Post-lab Activity Sheet

Drawing Conclusions/Discussion Questions

1. Discuss observations recorded on the bored.

Extended Activity

1. Have students write a short essay explaining the difference between solid, liquid and gases.

Interdisciplinary Activites

Suggested Sources/Websites


Student Experiment Packet

Pre-lab Activity -  Star Wars Video

Experiment 

Hypothesis

Materials
Procedure

Drawing Conclusions/Discussion Questions

Post-lab Activity – Written Report/Presentation

Module:  Nature of Matter

Topic: States of Matter

Benchmark/Lesson: 

Lesson 4: A Gas does take Up Space

Objective

Students will learn and understand the meaning of the words solid, liquid, and gas. Students will also understand that solids, liquids and gases represent all forms of matter. Matter being that which takes up space and has weight. Students will finally be introduced to the concept of a molecule.

Lesson Background 

Chemistry is a science that studies change; specifically the change in matter through observation and measurement. Matter is anything that occupies space and has mass. 

Matter also has composition.  There are three states of Matter: solid, liquid, and gas. A solid is defined as a substance that maintains its shape and volume.  A liquid has a specific volume, but takes the shape of the container in which it is placed in. A gas has neither a fixed shape or volume.
Math Skills

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials

vinegar, 

alka-seltzer or baking soda, 

one-hole stopper and clear bottle, 

a second clear bottle, 

rubber tubing (about 8 inches) or 2 flexible straws taped together

Engaging Question

Student Pre-lab Activity 

See Attached Pre-lab Activity Sheet
Procedure

1. Explain to the students that they will see how another gas, carbon dioxide, takes up space.  (Gases are hard for children to deal with since they are invisible;  children will need several experiences that demonstrate that air takes up space.)  
2. Fill one bottle to the top with water.  
3. Put baking soda or alka-seltzer in second bottle.

4. Add vinegar, then quickly stop up the bottle with the stopper, which has the hose or straws inserted in it.  
5. Place the other end of the hose or straw in the bottle of water and observe the action of the carbon dioxide as it is released in the water.  (The reaction lasts for only a short time).

6. Discuss what happened, why, and what we learned about the gas. 

 Post Lab Activity
       See Attached Post-lab Activity Sheet

Drawing Conclusions/Discussion Questions

1. Discuss observations recorded on the bored.

Extended Activity

1. Have students write a short essay explaining the difference between solid, liquid and gases.

Interdisciplinary Activites

Suggested Sources/Websites


Student Experiment Packet

Pre-lab Activity -  Star Wars Video

Experiment 

Hypothesis

Materials
Procedure

Drawing Conclusions/Discussion Questions

Post-lab Activity – Written Report/Presentation

Module:  Nature of Matter

Topic:  

Benchmark/Lesson: 

Lesson 5: Nuts and Bolts

Objective

Using nuts and bolts obtained from a hardware store, a variety of scientific concepts and ideas can be illustrated. These include uncertainty/precision in measurement (dimension or mass); the law of definite proportions.

Lesson Background 

 Measurement   by using an instrument or ruler is subject to error.  If the instrument is not properly calibrated, the data acquired will not  be accurate, but may be precise.  Accuracy is defined as the closeness of the average of a set of numbers to the “ correct “ value.  The  precision  of a set of values is defined as  how close the  individual values are to each other.  

Atoms of specific elements react to form compounds. Compounds react with atoms of elements to form other compounds and compounds react with other compounds to form other compounds. When investigating the amount of one substance needed to react with another substance to form a compound, it is important to be both precise and accurate.  In doing this, one obeys the Law of Definite Proportions. Meaning that elements and compounds react in fixed ratios to form a specific substance. For example, it takes two hydrogen atoms and one oxygen atom to from water. This is always true.  Three hydrogen atoms and one oxygen atom does not form water.
Math Skills

Conversion

Multiplication

Division

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials ( for each group of 4)

10 1/4" bolts 

20 1/4" nuts 

ruler 

balance (top loader or analytical) 

Engaging Question

1. Define mass

2. Define weight

3. Define Percent

Student Pre-lab Activity 

See Attached
Procedure

1. Distribute a bolt and a ruler to each student. Have the students measure the length of the bolt, record results on the board. Use as the basis for a discussion of uncertainty and precision. 

2. Do a similar thing with bolt and nut mass. 

3. Give each student 4 bolts and 6 nuts. 

4. Have each student construct 2 identical "molecules". 

5. Have each student weigh both of his/her molecules, and record the data. Each student should also weigh any left over bolts to obtain an average bolt-mass. This data should also be recorded. 

6. Each student should calculate the composition of his/her molecules, expressed as weight percent of B and N, and should write the percentages on the board.

7. Students may use the data to verify the Laws of Definite and Multiple Proportions. 

 Post Lab Activity

       See Attached Post-lab Activity Sheet

Drawing Conclusions/Discussion Questions

Extended Activity

Interdisciplinary Activites

Suggested Sources/Websites


Student Experiment Packet

Pre-lab Activity -  Star Wars Video

Experiment 

Hypothesis

Materials
Procedure

Drawing Conclusions/Discussion Questions

Post-lab Activity – Written Report/Presentation

Module:  Nature of Matter

Topic: Mass Percent Conversion

Benchmark/Lesson: 

Lesson 6: Sugar in my GUM

Objective

To understand the difference between weight and mass of a substance. To be able to identify the difference between mass values.  To be able to convert between English and metric units.  To determine the percent of sugar in chewing gum.

Lesson Background 

Chemistry is a science that studies change; specifically the change in matter through observation and measurement. Matter is anything that occupies space and has mass. 

Matter also has composition.  Matter can be divided into two categories: substances and mixtures of substances. A substance is defined as an element and compound. A mixture is defined as heterogenous or homogenous. A heterogenous mixture is on that contains regions that have different properties from those of other regions. A mixture that consist of physically distinct parts, each with different properties. An example is sand and water. Whereas a homogenous mixture (also called a solution) is the same throughout. It does not vary in composition from one region to another. A mixture that is uniform in its properties throughout. An example is a solution of salt and water.   A substance  may be soluble or insoluble in another substance. To determine the amount of one substance in another the concentration of the solution must be known. One way to report this is through mass percent. The mass of a substance in another substance  expressed in percent.
Math Skills

Conversion

Multiplication

Division

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials

Bubble gum

balance

Engaging Question

1. How much sugar do you think is a piece of gum?

2. Which is greater 2 pounds or 5 grams?

3. What is a percent?
Student Pre-lab Activity 

Nuts and Bolts Activity
Procedure

1. Predict the mass and percent of sucrose in a piece of gum.

2. Write down the brand name of the gum and flavor if applicable.

3. Place the piece of gum with the wrapper on it on the balance.

4. Write down the mass ( in grams) of the wrapper

5. Unwrap the piece of gum and begin to chew it. DO NOT discard the wrapping.

6. Chew the piece of gum for about 20-25 minutes.

7. Take the mass of the wrapper.

8. Write down the mass ( in grams) of the wrapper.

9. Place the gum in the original wrapper and take the mass of the chewed gum with the wrapper.

10. Write down the mass.

11. Dispose of the wrapped gum in the trash.

 Post Lab Activity

       See Attached Post-lab Activity Sheet

Drawing Conclusions/Discussion Questions

1. How close was your prediction versus the actual amount obtained through experimentation?

Extended Activity

1. Look at different brands of chewing gum and bubble gum

Interdisciplinary Activites

Suggested Sources/Websites


Student Experiment Packet

Pre-lab Activity -  Star Wars Video

Experiment 

Hypothesis

Materials
Procedure

Drawing Conclusions/Discussion Questions

Post-lab Activity – Written Report/Presentation

Lab Activity Sheet

	Brand of Gum


	
	
	
	

	Predicted mass of sugar (g)
	
	
	
	

	Predicted % of sugar in the gum
	
	
	
	

	Initial mass of unchewed gum, plus paper (g)
	
	
	
	

	Mass of gum wrapper paper (g)
	
	
	
	

	Mass of unchewed gum (g)
	
	
	
	

	Mass of chewed gum, plus paper
	
	
	
	

	Mass of chewed gum (g)
	
	
	
	

	Mass of dissolved sucrose, (g)
	
	
	
	

	% of sucrose consumed
	
	
	
	


% Sucrose =  mass of sucrose in your piece of gum

                       mass of unchewed piece of gum

Module:  Nature of Matter

Topic: 

Benchmark/Lesson: 

Lesson 7: Tasty Solutions

Objective

This section covers solutions. Solutions, solvents, and solutes are evident in your everyday life. Helps students to identify the different parts of a solution and to determine that increasing or exposing surface area of a solution speeds up the dissolving time.  The purpose would be to determine the fastest way to dissolve candy. Therefore, students will: 1.) Know the difference between a solvent, solute, and solution; 2) Know that by exposing a solution to chewing and stirring ( exposing or increasing surface area) the dissolving time will be shorter; and 3) Know that a solute dissolves by spreading out evenly throughout the solvent.

Lesson Background 

A solution is a homogenous mixture of two or more substance. It consist of a solute and a solvent. The solute is the substance being dissolved and the solvent is the substance doing the dissolving.  If the solute dissolved in the solvent it is known to be soluble in the solvent , if it does not dissolve, it is know to be insoluble.  Dissolution of the solute in the solvent may take a long time or may only take seconds, depending on the conditions.
Stirring, heating, or shaking can decrease the time it takes to dissolve the solute. For example, take sugar and water. If allowed to sit without any introduction of kinetic energy, it will take a while for the sugar to completely dissolve in the water. However, if energy in the form of heat or stirring is introduced the dissolution time decreases.  The dissolution time decreases because the stirring and/or heating increases the surface area; thus allowing for more solute molecules or ions to come into contact with more solvent molecules and ions.
Math Skills

Measurement

Data Analysis

Science Skills

Observing

Investigating

Recording

Materials

M&M’s

Engaging Question

1. What type of matter is a solution?

2. Describe a solution using an example from everyday life that you might encounter.

3. Identify the components of a solution.

Student Pre-lab Activity 

Teacher Procedure

1. Place one of the candy pieces in your mouth without chewing or moving your tongue around.

2. Record the time ( minutes the change to seconds) that it takes the candy to completely dissolve. Record your qualitative observations.

3. Place the second candy in your mouth this time moving your tongue, but not chewing.

4. Record the time it takes to dissolve this candy piece. Record qualitative observations

5. Place the third piece of candy in your mouth and chew it, moving your tongue around.

6. Record the time to dissolve this third piece of candy. Record qualitative observations.

7. Collect class data. Calculate the average time for each.

 Post Lab Activity

See Activity Sheet

Drawing Conclusions/Discussion Questions

1. Which method dissolved the candy the fastest? Why?

Suggested Sources/Websites


Data Table

	
	Time (min)
	Time ( sec)
	Observation
	Class Average 

( sec)

	No chewing
	
	
	
	

	Moving of tongue only
	
	
	
	

	Chewing and moving tongue
	
	
	
	


Post – Lab Questions:

       The candy ____________ in the (saliva) in your mouth to form a liquid 

       ____________.  Solutions contain  __________ parts, a (_____________)

       and a (____________).  The ______________ is (saliva) and the

       _____________ is the candy. The solute (_______________) by spreading

       out evenly throughout the ____________. The candy can _______________

       dissolve when it is ( exposed) to ______________ and stirred by moving it

       around with the ______________.

Electron is given to have an ionic bond





Cl





Small vibrations





Multi-directional “jiggles





Large multi-directional movement





Na
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