SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	Seventh Grade Science

	Recommended  Days of Instruction:  
	

	Standard(s) addressed:  7-5

	The student will demonstrate an understanding of the classifications and properties of matter, and the changes that matter undergoes. (Physical Science)

	The Chemical Nature of Matter

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	 7-5.2: 
Classify matter as element, compound, or mixture on the basis of its composition.


	SC Science Standards Support Guide
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
Elements in Our Bodies Poster

To download a completed poster go to http://www.mii.org/PosterBody.htm
Suggested Streamline Video:

“Atomic Theory” (2:02) from the series Greatest Discoveries with Bill Nye: Chemistry
ETV Streamline SC

http://etv.streamlinesc.org
“Atoms Combine into Molecules” (1:09) from the series Greatest Discoveries with Bill Nye:  Chemistry

ETV Streamline SC

http://etv.streamlinesc.org
“Oxygen” (4:28) from the series Greatest Discoveries with Bill Nye: Chemistry                                         ETV Streamline SC
http://etv.streamlinesc.org
“Atoms Combine into Molecules” (1:09) from the series Greatest Discoveries with Bill Nye: Chemistry

ETV Streamline SC
http://etv.streamlinesc.org
Information compiled for each element:

Wikipedia, the free encyclopedia - http://en.wikipedia.org
WebElements, the periodic table on the WWW - http://www.webelements.com/
The Mineral Information Institute, MII - http://www.mii.org 

	See module 7-5.2 A -D

	From the South Carolina Science Support Documents:

The objective of this indicator is to classify matter as element, compound, or mixture on the basis of its composition; therefore, the primary focus of assessment should be to categorize matter depending on its composition. However, appropriate assessments should require students to recognize the classifications of matter based on composition; exemplify matter based on its composition; illustrate with words, pictures, or diagrams categories of matter; infer the types of matter based on characteristics; compare the types of matter based on their characteristics; or summarize the properties of the three types of matter.


Seventh Grade

Science

Module 

7-5.2
The Chemical Nature of Matter
Lessons A-D
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From the South Carolina Science Support Documents:
Indicator 7-5.2: Classify matter as element, compound, or mixture on the basis of its composition.
Taxonomy level of Indicator:
 Understand Conceptual Knowledge (2.3-B)
Previous/Future knowledge: Students have been introduced to the concept of mixtures in 5th grade (5-4.3). In 5th grade (5-4.4), students separated mixtures using the processes of filtration, sifting, magnetic attraction, evaporation, chromatography, and floatation. Students have not been introduced to the concept of elements or compounds in previous grades. Students will further develop the concepts of elements, compounds, and mixtures in high school Physical Science (PS-3.4).

It is essential for students to know that matter can be classified on the basis of its composition:
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Elements

· Elements are pure substances that cannot be changed into simpler substances.

· Elements are composed of one kind of atom.

Compounds

· Compounds are pure substances that are composed of two or more types of elements that are chemically combined.

· Compounds can only be changed into simpler substances called elements by chemical changes (7-5.10).

· One way that two or more atoms can combine is to form a molecule.
Mixtures

· Mixtures are composed of two or more different substances that retain their own individual properties and are combined physically (mixed together).

· Mixtures can be separated by physical means (filtration, sifting, or evaporation).
· Mixtures may be heterogeneous or homogeneous.
 In a heterogeneous mixture, which is not uniform throughout, the component substances can be visibly distinguished.
 In a homogeneous mixture, which is uniform throughout, the substances are evenly mixed and cannot be visibly distinguished. The particles of the substances are so small that they cannot be easily seen. Another name for a homogeneous mixture is a solution.

It is not essential for students to know that molecules are the smallest part of covalent compounds. It is not essential for students to understand isotopes. Students do not need to physically separate mixtures as this was done in 5th grade.

Assessment Guidelines:

The objective of this indicator is to classify matter as element, compound, or mixture on the basis of its composition; therefore, the primary focus of assessment should be to categorize matter depending on its composition. However, appropriate assessments should require students to recognize the classifications of matter based on composition; exemplify matter based on its composition; illustrate with words, pictures, or diagrams categories of matter; infer the types of matter based on characteristics; compare the types of matter based on their characteristics; or summarize the properties of the three types of matter.

Teaching Indicator 7-5.2: Lesson A – The Chemical Nature of Matter: “Elements”
Instructional Considerations:
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

When students first begin to understand atoms, they cannot confidently make the distinction between atoms and molecules or make distinctions that depend upon it – among elements, mixtures, and compounds, or between “chemical” and “physical” changes.  An understanding of how things happen on the atomic level – making and breaking bonds – is more important than memorizing the official definitions.  
Safety Note(s):

Students should know and practice the procedures for glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.

Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed: (one card needed per person)

Element information cards (see attached)
Focus Question:
What is an element?
Engage:

1. During the lessons of SC Indicator 7-5.1, we explored the idea of atoms and how small they are in comparison to what we can see with our eyes.  As we continue with our learning, the substances we are going to discuss will get larger and larger because they are starting to combine with each other.  Atoms are known in the scientific world as the building blocks of materials because they are so small and unique to the substance composed of them.  

2. The next idea we are going to study is that of elements.

3. Watch the SC Streamline video segment “Atomic Theory” (2:02) from the series Greatest Discoveries with Bill Nye: Chemistry  http://etv.streamlinesc.org
4. Name some elements you have heard of and explain what you know about them.  (Examples could include but are not limited to aluminum - soda cans or foil, copper – wires or pipes, iron – welding or weights, sulfur – mineral commonly studied in 3rd grade, helium – party balloons, chlorine – to keep pools sterile, calcium – to keep our bones strong, silver – jewelry, gold – jewelry, platinum – jewelry.) 
5. So what makes these elements special and why are they “elements”?  Think about the world “element” – how might it be similar to “elementary” school?  When you were in elementary school, where were you in your educational career?  At the beginning right?  Well, that is why these are called “elements” – they are at the beginning of everything created in the world; after all everything comes from something.
Explore:  

1. Divide the eleven informational cards evenly among the students in the class; hopefully at least two will both be reading about the same element.  

2. As you read about your element card, use the strategy “Text to text, text to self, text to world” to list interesting and important facts about each that your partners would need to know.  Also, generate a list of questions you might, as a scientist, know about each element.
3. Partner with others that read about the same element as you and compare notes, make sure each of you is confident about the knowledge on your element.  As a team, decide how you might best explain your element to the others in the class; this strategy is called “Each Teach”.

4. Individually create a “flip book” of the eleven elements we are going to study throughout this unit.  Use the information learned during the “Each Teach” about each element to create your book.  Aluminum, Calcium, Carbon, Chlorine, Hydrogen, Iodine, Iron, Nitrogen, Oxygen, Sodium, Sulfur.
Explain:
Everything around us is composed of chemical elements. Elements are the basic building blocks of our lives. Elements combine with one another in different proportions to form everything from the air that we breathe, to the wood that we use to build our homes, to our own bodies.

Our bodies use different chemical elements for different functions. For instance, our bodies use calcium to build strong bones and fluorine makes our teeth healthier. As our bodies consume these elements through daily functioning, we have to replace them in order to stay healthy and strong. The greatest source of these elements is through the food we eat. Because some of us do not always eat the right foods, we sometimes have to take dietary supplements, such as vitamins, to assure that we maintain the proper chemical balance in our bodies.

1. Which elements make up the most of the earth’s atmosphere? (Answer: Nitrogen 78%, Oxygen 20 %, other elements trace %)
2. Which elements are the most abundant in the universe?  (Answer:  Hydrogen 75%, Helium, Oxygen, Carbon)
3. Which elements are the most abundant on the earth’s crust? (Answer: Oxygen most abundant element, Aluminum most abundant metal, Iron, Calcium, Carbon)
4. In what order, based on percentage, are the elements necessary to sustain human life? (Answer: Oxygen 61-65%, Carbon 18-23%, Hydrogen 10%, Nitrogen 2.6-3%, Sulfur 0.2-0.25%, Calcium 1.4-1.5%, Sodium 0.14%, Chlorine trace 0.12%, Iron 0.006%, Iodine trace %, Aluminum trace %.)

Elements are pure substances that cannot be changed into simpler substances.  Elements are composed of one kind of atom.
Atom A + Atom A + …. + Atom A = Element
Later on we will discuss what happens when we put elements together and how they become compounds (by a chemical reaction).  When elements or compounds are put together but can be separated back again without any chemical reaction occurring, it is called a mixture.   

Extend:
1. Create a graphical representation of the common elements found in our body based on percentages. (From the element informational cards:  Oxygen 61-65%, Carbon 18-23%, Hydrogen 10%, Nitrogen 2.6-3%, Sulfur 0.2-0.25%, Calcium 1.4-1.5%, Sodium 0.14%, Chlorine trace - 0.12 %, Iron – 0.006%, Iodine – trace %, Aluminum – trace %). To download a completed poster go to http://www.mii.org/PosterBody.htm
2. How does this connect to what you learned during your unit of study on the human body (SC Standard 7-3)?
Resource:
Information compiled for each element was extracted from a combination of information found from the following resources: 

Wikipedia, the free encyclopedia - http://en.wikipedia.org
WebElements, the periodic table on the WWW - http://www.webelements.com/
The Mineral Information Institute, MII - http://www.mii.org 
	Teaching Indicator 7-5.2: Lesson B – The Chemical Nature of Matter: “Chemically Separating a Compound:  Electrolysis of Water”
Instructional Considerations

This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:
When students first begin to understand atoms, they cannot confidently make the distinction between atoms and molecules or make distinctions that depend upon it – among elements, mixtures, and compounds, or between “chemical” and “physical” changes.  An understanding of how things happen on the atomic level – making and breaking bonds – is more important than memorizing the official definitions.  Students may incorrectly think that elements are the only pure substances; both elements and compounds are pure substances.  Students may incorrectly think that the composition of compounds can vary; the elements in compounds are combined in fixed proportions.
Safety Note(s):

Students should know and practice the procedures for glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.

Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed:
One 9-Volt battery

Electrical wire

Two wooden regular #2 pencils (remove eraser and metal part on the ends)

Thin piece of cardboard

Small glass

Water (H20)
Salt (NaCl)
Focus Question:
How can the compound water be separated into its elements: Hydrogen (H2) and Oxygen (O2)?
Engage:
1. Brainstorm in your notebooks, responses to the following: What is water made of?  Is it an element or a compound?  How do you know?  Knowing the chemical formula is H2O, how could it be separated into Hydrogen and Oxygen?
2. Have a class dialogue about ideas but do NOT say whether they are correct or not; let the students figure that out as they progress through the lesson.
Explore:
1. Sharpen each pencil at both ends. 
2. Cut the cardboard to fit over the glass.

3. Push the two pencils into the cardboard, about 1 inch apart.

4. Dissolve a teaspoon of salt into the warm water and let sit for a while.  Have a class discussion to bring back the idea of solutes and solvents from 5th grade; why might we be adding salt to the water?  What type of matter is water?  Salt?  What makes you say that?
5. Using one piece of the electrical wire, connect one end on the positive side of the [image: image3.jpg]


battery and the other to the black graphite (the “lead” of the pencil) at the top of the sharpened pencil.  Repeat for the negative side connecting it to the second pencil top.  Have a class discussion about electricity from 6th grade; what might happen when we add electricity to this system?
6. Place the other two ends of the pencil into the salted water.

7. Record what you notice in your notebooks.  How might you be able to determine which is Oxygen gas and which is Hydrogen gas?  (NOTE: twice as much gas should be produced by the wire connected to the negative electrode – Hydrogen – since the ratio of water is 2:1 Hydrogen to Oxygen).  Summarize the properties of the three types of matter and ability to distinguish between element, compound and mixtures based on your observations and evidence collected.
Explain: 
Electricity is "created" when certain chemicals react together. We use chemically- made electricity to power many machines from flashlights to a watch or sometimes a car. Yes, there are cars that run on electricity! The devices that store electricity are called batteries. Electricity can also be used to produce chemical changes.

Water is a simple chemical made from two gases -- hydrogen and oxygen.  Every molecule of water has two atoms of hydrogen for every atom of oxygen.   H2O is the chemical formula for a molecule of water.

If an electrical current is passed through water between electrodes (the positive and minus poles of a battery), the water is split into its two parts: oxygen and hydrogen. This process is called electrolysis (“electro” refers to “electricity” and “lysis” means “to break apart”) and is used in industry in many ways, such as making metals like aluminum. If one of the electrodes is a metal, it will become covered or plated with any metal in the solution. This is how objects are silver-plated.

Extend:

NOTE: This should be done as a demonstration only due to the safety hazard with electricity in water and volatility of hydrogen gas and oxygen gas.  
1. Using a larger batter (6-Volt); the respective gasses can be collected in an inverted small test tube initially filled with water.  
2. Once the gas has replaced the salt-water solution, remove the inverted test tube with a test tube holder (keep it inverted so the gas will remain).  
3. Insert a glowing split into the test tube and observe.  (When inserted into the test tube willed with Hydrogen gas the split will expel a squeaky pop; when inserted into the Oxygen gas the split will relight to a flame and may pop – easily determining that two different gases are in the test tubes.)
4. Watch the SC Streamline video segment “Oxygen” (4:28) from the series Greatest Discoveries with Bill Nye: Chemistry  http://etv.streamlinesc.org
5. Watch the SC Streamline video segment “Atoms Combine into Molecules” (1:09) from the series Greatest Discoveries with Bill Nye: Chemistry http://etv.streamlinesc.org




Teaching Indicator 7-5.2: Lesson C – The Chemical Nature of Matter: “Mixtures”
Instructional Considerations:
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

When students first begin to understand atoms, they cannot confidently make the distinction between atoms and molecules or make distinctions that depend upon it – among elements, mixtures, and compounds, or between “chemical” and “physical” changes.  An understanding of how things happen on the atomic level – making and breaking bonds – is more important than memorizing the official definitions.  
Safety Note(s):

Students should know and practice the procedures for glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.

Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed: 

Samples of:
· Salad dressing (Italian) – 10 mL
· Mayonnaise – 10 mL
· Kool-Aid mix dry (without sugar) – 10 g
· Salt – 10 g

· Water – 25 mL
Focus Question:
How can you classify a mixture?
Engage:
1. Dialogue as a class about what you think makes a mixture?  How might it be different from a compound?  What had to happen to the compound water in Lesson B to separate it? (Answer – use electricity to separate it chemically)

2. Ask children to recall what they learned in the 5th grade about mixtures, the characteristics of and ability to recognize a solution as a kind of a mixture (SC Indicator 5-4.3).  Also pose questions to clarify their understanding of how to separate mixtures using filtration, sifting, magnetic attraction, evaporation, chromatography, and flotation (SC Indicator 5-4.4).

3. Based on this information, what might be some differences between elements, compounds and mixtures?
Explore:
1. Examine the containers of Italian salad dressing and mayonnaise.  Are they an element, a compound or a mixture?  What makes you say that?
2. If we wanted to separate them back into their original components, how might that happen?  (Answer:  Italian dressing – tedious but possible; mayonnaise – not possible)

3. Explain to the students that there are actually two types of mixtures – homogeneous and heterogeneous.  The fact that the substances are just mixed together and not chemically combined is what makes them both mixtures.  However, in a heterogeneous mixture the substances combined can easily be seen individually (ex. Italian dressing).  In a homogeneous mixture, the substances are evenly distributed throughout and not individually recognizable by the naked eye (ex. Mayonnaise).  Another word for a homogeneous mixture is a solution. 

4. If you mix together sugar and dry Kool-Aid mix, would it become a homogeneous mixture or a heterogeneous mixture?  How might you separate the new substance? Test your prediction and record your thoughts in your notebook.  (Answer – heterogeneous mixture)
5. What would happen if you added water to the mixture above? How might you separate the new substance? Test your prediction and record your thoughts in your notebook.  (Answer – homogeneous mixture; aka solution)
Explain:

1. Think back to the Extend phase of Lesson B SC Indicator 7-5.1, where we made a model of atoms put together with golf balls, bb’s, sand and / or water.  Was that an example of a homogeneous mixture or a heterogeneous mixture?  What makes you say that? (Answer:  heterogeneous mixture); in a heterogeneous mixture, which is not uniform throughout, the component substances can be visibly distinguished.  
2. As we continue our unit of study on The Chemical Nature of Matter, we are going to be adding together and separating substances.  It is very important that we all have a common understanding of the differences between elements, compounds and the two types of mixtures.  It is also important that we know that a solution is the same thing as a homogeneous mixture.
Extend:

For subsequent lessons, classify the substances used as an element, compound, or mixture (specifically either a heterogeneous mixture or a homogeneous mixture – also known as a solution).
Teaching Indicator 7-5.2: Lesson D – The Chemical Nature of Matter: “Identifying Unknown Matter by Experimentation”
Instructional Considerations:
This lesson is an example of how a teacher might address the intent of this indicator.  The STC kit Properties of Matter provides an opportunity for conceptual development of the concepts within the standard.

Misconceptions:

When students first begin to understand atoms, they cannot confidently make the distinction between atoms and molecules or make distinctions that depend upon it – among elements, mixtures, and compounds, or between “chemical” and “physical” changes.  An understanding of how things happen on the atomic level – making and breaking bonds – is more important than memorizing the official definitions.  
Safety Note(s):

Students should know and practice the procedures for glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.

Lesson time:

1 day (1 day equals 55 minutes)
Materials Needed: (per groups of 4)

· Test tubes (4)

· Test tube rack

· Small Spoons (4)

· Beaker – 250 mL 
· Small pie pan

· Water (H20) 
· Iodine (I) or Lugols Solution in dropper bottle (10 mL)
· White Vinegar (CH3COOH) in dropper bottle (10 mL)
· Sucrose (C12H22O11) (aka Powdered Sugar) (labeled –A) (5 grams)
· Sodium Bicarbonate (NaHCO3) (aka Baking Soda) (labeled –B) (5 grams)
· Cornstarch ((C6H10O5)n.H2O) (labeled – C) (5 grams)
· “Mystery Substance”  (labeled – D) (10 grams)
· Cornstarch and Powdered Sugar, OR 
· Cornstarch and Baking Soda, OR 
· Powdered Sugar and Baking Soda, OR 
· Cornstarch, Powdered Sugar, and Baking Soda
Focus Question:
How can unknown matter be identified by experimentation?

Engage:

1. Ask children to recall what they learned in Lesson C about mixtures; the two different kinds, how they are created and separated and what makes a solution special?
2. Have students create a graphic organizer comparing and contrasting elements, compounds and mixtures.  Be sure to include options for experimentation to determine the difference between each (using pictures and diagrams to illustrate the categories of matter).

Explore:

1. Today we are going to explore another way to identify mixtures by looking at the stuff that it is composed of.   Remember that mixtures can be separated physically but how do you know if the substance you are dealing with is composed of more than one substance rather than being a pure substance?  In the fifth grade you learned HOW to separate mixtures, but how do you know if it is a mixture?  One way is to run a series of tests on the mixture to see if it is composed of multiple substances.

2. Have students perform experiments to determine how known substances react with other known substances.
a. Place 5 g of each substances “A”, “B”, and “C” onto the pie plate.  Add several drops of vinegar on each.  Observe what happens when the vinegar is placed on the solid.  Record the observations in a data table that the students designed.  Rinse and dry the pie pan.  (NOTE: Vinegar will chemically react with Sodium Bicarbonate, baking soda, evidenced by the production of CO2 gas bubbles.)
b. Repeat with a fresh 5 g of each substance “A”, “B”, and “C” onto the pie plate.  Add several drops of iodine, or Lugol’s solution, on each substance.  Observe what happens when the iodine is placed on each solid. Record the observations in the data table created above. (NOTE: Lugol’s solution will chemically react with cornstarch as evidence by the irreversible color change to bluish-black; Lugol’s solution will always turn this color in the presence of a starch.)  (IF you have already done the unit studying the Human Body, you should remember this from the dialysis membrane experience showing how molecules travel across or are trapped by semi-permeable membranes; if you have not yet had that unit of study, this information should be revisited at that time to help make the connections between units.)
c. Place a 5 g of each substance into three separate test tubes also labeled “A”, “B”, and “C”.  Place 10 mL of water and shake gently.  Did each of the substances readily dissolve in the water?  Record your observations so later you can use that as evidence in future tests.
3. Teacher should circulate among the groups asking clarifying questions such as “How might you use the information you are attaining to test on an unknown substance for identification purposes? (Remind them that this process is similar to the method used for identifying rocks and minerals that they learned in the 3rd grade.)
4. Have a class discussion around how clues from the steps above in #2 a-c will help to identify what is in the Mystery Substance “D”.  Be sure to pose questions for clarity and understanding.
a. Repeat steps 2 a-c using the “Mystery Substance”.
b. Record all observations in notebooks.
c. Cite evidence from the data to infer what materials were used to make the Mystery Substance.

5. Whole class discussion on the comparison of group results and determination of components of “Mystery Substance”.

6. How would you classify the “Mystery Substance”; as an element, compound, homogeneous mixture or heterogeneous mixture?  Use the evidence you collected to support your decision.
Explain: 
The difference between a mixture and a compound lies in how the different kinds of stuff are combined. In a mixture, two or more things are blended but each retains its own identity. The properties of the mixture are similar to the properties of the things in the mixture. So, if salt were added to water and stirred, a mixture would be created that looks like water but tastes salty. A compound has two or more elements that are combined so that they make a thing with a completely new identity. This new stuff has properties that are different from those of the elements that were used to make it. Iron is an element; it is shiny, strong, metallic, and magnetic. Oxygen is an element; it is a colorless, odorless gas. When iron rusts, it combines with oxygen in the air to form the compound iron oxide. Iron oxide not only has a different name, it has different properties from those of iron and/or oxygen. It is reddish brown, a solid, crumbly rather than strong, and non-magnetic.
Extend:

1. Now that you know the Mystery Substance is really a mixture, propose some ways that you might separate the Mystery Substance.  What procedures would you use?

2. Here is an analogy that highlights the difference between a mixture and a compound: a mixture is to an element as an eye-chart is to a poem. Can you explain this analogy? Answer: An eye-chart and a poem are both collections of letters printed on a page. However, when we read an eye-chart, we read each letter separately--they do not make sense as a set. When we read a poem, however, groups of the letters make up words that express different (and hopefully meaningful) ideas.
3. Explain this analogy on your own: an element is to a compound as bricks are to a house.
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Aluminum (Al)

Pure aluminum is a silvery white metal and member of the Boron group of elements that is not soluble in water under normal circumstances.  It is light, nontoxic (as the metal), nonmagnetic and non-sparking.  It is somewhat decorative and it is easily formed, machined, and cast. Pure aluminum is soft and lacks strength, but alloys with small amounts of copper, magnesium, silicon, manganese, and other elements have very useful properties. 

Aluminum is the most abundant metal in the Earth's crust.  It makes up about 8% by weight of the Earth's solid surface. Aluminum is too reactive chemically to occur in nature as a free metal. Instead, it is found combined in over 270 different minerals. The chief source of aluminum is bauxite ore.

Aluminum is remarkable for the metal's low density and for its ability to resist corrosion. Structural components made from aluminum and its alloys are vital to the aerospace industry and are very important in other areas of transportation and building. Its reactive nature makes it useful as a catalyst or additive in chemical mixtures, including ammonium nitrate explosives, to enhance blast power.

Until recently, aluminum was thought to be useless to life processes. It is now thought to be involved in the action of a small number of enzymes. Even if this element is necessary for some life function, the amount necessary is greatly exceeded by our incidental intake through our drinking water, food, deodorants and some antacids. Aluminum is relatively benign, and it is used in food additives and indigestion pills. It has been linked to Alzheimer's disease and the body has a hard time ridding itself of excess aluminum. Aluminum is somewhat more toxic to plants.

Calcium (Ca) - a macronutrient
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Calcium is a soft silvery gray hard alkaline earth metal, and is the fifth most abundant element by mass in the Earth's crust, making up more than 3%. Calcium is also the fifth most abundant dissolved ion in seawater after sodium, chloride, magnesium, and sulfate.  Calcium is the most abundant metal by mass in many animals and is an essential constituent of leaves, bones, teeth, and shells. Calcium does not occur as the metal itself in nature and instead is found in various minerals including as limestone, gypsum and fluorite. Stalagmites and stalactites contain calcium carbonate (CaCO3). Calcium carbonate is the basis of the cement industry.

Calcium is an extremely important element in the human body. It is one of the most abundant elements in our bodies (about 1.4 %) and accounts for 2 to 3 pounds of our total body weight. Most of us know that calcium is important in building and maintaining strong bones and teeth, but it is also important for many other things. It helps control things like muscle growth and the electrical impulses in your brain. This vital element is also necessary to maintain proper blood pressure and make blood clot when you get cut. Calcium also enables other molecules to digest food and make energy for the body. Increasing calcium intake in our diet is believed to lower high blood pressure and prevent heart disease. It is also used to treat arthritis.

When we don’t get enough calcium many things happen in our bodies. It is possible to get leg cramps, muscle spasms, our bones may become brittle and even we may even have an increased risk of getting colon cancer. Also, when we don’t get enough calcium in our diets, our bodies will actually use the calcium that we have stored in our bones. This makes the bones thinner and more brittle. In growing children and teenagers the bones may not develop fully and the person can enter adulthood with brittle bones. Further calcium deficiency can lead to serious problems.

Therefore, it is extremely important to get enough calcium in your diet. Unfortunately, that is not always easy to do. Most Americans don’t get enough from their diets. But eating a good balanced diet, including drinking milk on a daily basis, should get you enough calcium.
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Carbon (C) - a macronutrient

Carbon is a Group 14 element, the 15th most abundant element in the Earth's crust, and the fourth most abundant element in the universe.  It is present in all known life forms, and in the human body carbon is the second most abundant element by mass (about 18-23%).  This abundance, together with the unique diversity of organic compounds and their unusual polymer-forming ability at the temperatures commonly encountered on Earth, make this element the chemical basis of all known life.

There are several forms of carbon of which the best known are graphite, diamond, and amorphous carbon.  The physical properties of carbon vary widely with the different form. For example, diamond is highly transparent, while graphite is opaque and black. Diamond is among the hardest materials known, while graphite is soft enough to form a streak on paper (hence its name, from the Greek word "to write"). Graphite is commonly found in pencil lead. Carbon is distributed widely in nature. It is found in abundance in the sun, stars, comets, and atmospheres of most planets. Carbon, as microscopic diamonds, is found in some meteorites. Natural diamonds are found in ancient volcanic "pipes" such as found in South Africa. Diamonds are also recovered from the ocean floor off the Cape of Good Hope.

The element carbon is perhaps the single most important element to life. Virtually every part of our bodies is made with large amounts of this element. The carbon atom is ideal to build big biological molecules. The carbon atom can be thought of as a basic building block. These building blocks can be attached to each other to form long chains, or they can be attached to other elements.

This can be difficult to imagine at first, but it may help to think about building with Legos. You can think of carbon as a bunch of red legos attached together to form one long chain of legos. Now, you can imagine sticking yellow, blue and green legos across the tops of the red (carbon) legos. These other colors represent other elements like oxygen, nitrogen or hydrogen. As you stick more and more of these yellow, blue and green legos to the red chain, it would start to look like a skeleton of legos with a "spine" of red legos and "bones" of yellow, blue and green legos. This is a lot like the way that big molecules are made in the body. Without carbon, these big molecules could not be built.

Now, virtually every part of your body is made up of these big molecules that are based around chains of carbon atoms. This is the reason we are known as "carbon based life forms". Without carbon, our bodies would just be a big pile of loose atoms with no way to be built into a person.
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Chlorine (Cl) - a micronutrient

Chlorine is a greenish yellow gas which combines directly with nearly all elements.  Chlorine is a respiratory irritant. The gas irritates the mucous membranes and the liquid burns the skin; it was used as a war gas in 1915. It is not found in a free state in nature, but is found commonly as NaCl (solid or seawater).As the chloride ion, which is part of common salt and other compounds, it is abundant in nature and necessary to most forms of life, including humans. In its elemental form (Cl2 or "dichlorine") under standard conditions, chlorine is a powerful oxidant and is used in bleaching and disinfectants, as well as an essential reagent in the chemical industry. As a common disinfectant, chlorine compounds are used in swimming pools to keep them clean and sanitary. In the upper atmosphere, chlorine-containing molecules such as chlorofluorocarbons have been implicated in the destruction of the ozone layer.

Anyone who has ever swallowed a mouthful of water at a swimming pool would probably tell you that chlorine is one of the most unpleasant things they have ever swallowed and they wouldn’t mind if they never ingest chlorine ever again. This element, however, is actually essential for humans to live - we would die without it. Chlorine is found throughout the body; in the blood, in the fluid inside cells and in the fluid between cells.

Along with sodium and potassium, chlorine carries an electrical charge when dissolved in body fluids. This is why these elements are termed "electrolytes". The electrical charge that these elements carry is what allows nerve cells to work. Chlorine also works with potassium and sodium to regulate the amount of fluids in the body and to regulate pH in the body. This vital element also helps muscles flex and relax normally.

Stomach acid is a compound of hydrogen and chlorine (hydrochloric acid, or HCl). Logically, chlorine is extremely important in allowing us to digest our food properly and to absorb the many other elements that we need to survive. Excessive vomiting can lead to a serious loss of chlorine in the body. This can lead to a dangerous imbalance of pH in the body, which can cause muscle weakness, loss of appetite, dehydration and coma.

It is easy to get enough chlorine from natural, unprocessed foods, and deficiencies of this important element are rare. Most Americans, however, consume massive amounts of salt in their diet. Table salt is a compound of sodium and chlorine (sodium chloride, or NaCl). This means most of us get much more chlorine than we really need.
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Hydrogen (H) - a macronutrient

Hydrogen is the lightest and most abundant chemical element, constituting roughly 75 % of the Universe's elemental mass.  Stars in the main sequence are mainly composed of hydrogen in its plasma state. Naturally occurring elemental hydrogen is relatively rare on Earth. Hydrogen is the lightest gas. Hydrogen gas was used in lighter-than-air balloons for transport but is far too dangerous because of the fire risk (Hindenburg). It burns in air to form only water as waste product and if hydrogen could be made on sufficient scale from other than fossil fuels then there might be a possibility of a hydrogen economy.

Hydrogen forms compounds with most elements and is present in water and most organic compounds. It plays a particularly important role in acid-base chemistry with many reactions exchanging protons between soluble molecules. Hydrogen when combined with Oxygen to form water is commonly known as the “Universal Solvent” because so many substances will dissolve in water.

Hydrogen as water (H2O) is absolutely essential to life and it is present in all living things. It would be virtually impossible to understate the importance of this element to human life. We can survive years, or at least months without getting most of the other elements that we need to survive. Hydrogen makes up about 10% of the human body.  We can survive weeks without food, but we would die after only a few days without water. Water is incredibly important in our bodies. In fact, almost all of our bodies are made of water. It dissolves other life-supporting substances and transports them to fluids in and around our cells. It is also a place in which important reactions take place in our bodies. Chemically, water is a remarkable substance and it’s many unique attributes make life possible. Hydrogen is obviously a critical component of water and minute chemical bonds called "hydrogen bonds" are what give water many of its unique attributes.

Also, hydrogen is practically always bound to the carbon that our bodies are constructed of. Without this arrangement, our bodies would be little more than a pile of atoms on the ground. Stomach acid is a compound of hydrogen and chlorine (hydrochloric acid, or HCl). Logically, hydrogen is extremely important in allowing us to digest our food properly and to absorb the many other elements that we need to survive. Finally, many chemical reactions that make life possible involve the hydrogen ion. Without this unique and important element, we simply couldn’t exist.

Iodine (I) 
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Iodine is a bluish-black, lustrous solid.  It forms compounds with most elements, but is less reactive than the other halogens, which displace it from iodides. Iodine exhibits some metallic-like properties. It dissolves readily in chloroform, carbon tetrachloride, or carbon disulphide to form beautiful purple solutions. It is only slightly soluble in water. Iodine occurs as a diatomic molecule I2, not the atom. The element occurs in the free state in nature only in trace amounts. Iodine and its compounds are primarily used in nutrition, film photography, dyes and medicine. Lack of iodine is the cause of goitre (Derbyshire neck). It is assimilated by seaweeds from which it may be recovered, and is found in Chilean old salt brines, and salt wells.

Iodine is a relatively rare element in the Earth's crust, but the solubility of its compounds has caused it to concentrate in the oceans. It is the heaviest essential element known to be needed by all living organisms, but its rarity in many soils has led to many deficiency problems in land animals and inland human populations. Iodine is a component of thyroid hormones. Radioisotopes of iodine are concentrated in the thyroid gland, and for this reason are used to evaluate thyroid function. 

Iodine is an element that is required in very small amounts by the human body. You are probably already aware of some of the uses of this element. Iodine is found in a purple solution that we often put on scrapes and cuts to help our wounds heal faster by preventing them from getting infected. Also, backpackers and campers often add iodine to river and lake water to make it safe to drink.

But the most important thing about iodine is that it keeps our thyroid gland healthy. Most of the iodine in our bodies is stored in this organ, located in the base of your neck. The thyroid gland uses iodine to make chemicals that affect our growth, the way we development and how we burn the energy that we get from the food we eat. If we don’t get enough iodine in our diets, we can expect to have a loss of energy and to gain weight.

Iodine is found in large amounts in seafood, sea vegetables (for example, kelp), dairy products and iodized salt (table salt). It is easy to get enough of this element in your normal diet, and you probably get more than enough if you eat salty foods(with iodized salts, not salt substitutes)  like potato chips or french fries.
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Iron (Fe) - a micronutrient

Iron metal is a silvery-gray, lustrous metal which has important magnetic properties.  The pure metal is very reactive chemically, and rapidly corrodes, especially in moist air or at elevated temperatures. Any bike owner knows this, since when left in the air or water, iron will rust. The pure metal is not often encountered in commerce, but is usually alloyed with carbon or other metals which are found in common materials for everyday use. 

Iron is the most common element in the earth as a whole, and the fourth most common in the Earth's crust. Iron is also relatively abundant element in the universe. It is found in the sun and many types of stars in considerable quantity.

Iron has been used since ancient times, though not as early as bronze or the other copper related alloys. Pure iron is soft (softer than aluminum), but the material is significantly strengthened by addition of minute amounts of impurities, such as carbon. 

The element iron has many functions in the body. This element is used by the body to make tendons and ligaments. Certain chemicals in our brain are controlled by the presence or absence of iron. It is also important for maintaining a healthy immune system and for digesting certain things in the food that we eat. In fact, plays a vitally important part of how our body obtains energy from our food.

The iron we obtain from our diet is an essential part of hemoglobin - the part of our blood that carries oxygen.  Although our body is only comprised of about 0.006 % iron, it is essential for blood to work efficiently. If we don’t get enough iron in our diets, our blood won’t carry enough oxygen to our bodies and we can feel tired, have decreased alertness and attention span and our muscles may not function properly. This type of iron deficiency is not uncommon among athletes, especially long distance runners. This is frequently the cause of fatigue among these athletes. If the lack of iron in our bodies is severe, we can get "iron deficiency anemia", which essentially means that our blood won’t carry enough oxygen to our bodies so we can function normally. Iron deficiency anemia is probably the most common nutritional disease in the world, affecting at least five hundred million people.

Fortunately, it is easy to get enough iron in your food, if you eat a balanced diet. Many foods contain iron, and eating a wide range of foods can help most people meet their needs for this important element.

Nitrogen (N) - a macronutrient
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Nitrogen gas is colorless, odorless, and generally inert. As a liquid it is also colorless and odorless. Nitrogen makes up about 78.08% by volume of Earth's atmosphere but the atmosphere of Mars contains less than 3% nitrogen.

The element seemed so inert that Lavoisier named it azote, meaning "without life". However, its compounds are vital components of foods, fertilizers, and explosives. 

Nitrogen plays an important role in digestion of food and growth. As you may know, almost 80% of the air we breathe is made up of nitrogen. But humans cannot use the nitrogen in the air we breathe, that nitrogen is in the wrong form. We have to get nitrogen, in a different form, from the food that we eat. Fortunately, there is plenty of nitrogen in food to nourish our bodies, which is good since about 2.6-3% of our bodies is composed of nitrogen.
Nitrogen is one element in amino acids and thus of proteins, and of nucleic acids (DNA and RNA). Nitrogen is found in large amounts in all kinds of food. Spaghetti, salads, breakfast cereal, hamburgers and even cookies have lots of nitrogen in the form that our bodies need. When your body digests this food and makes it into energy, the first step is to remove nitrogen atoms from the molecules in the food. While your body is busy digesting the rest of this food and making it into energy, these nitrogen atoms are already being used to help you grow. One specific time that this is especially important is during pregnancy. When a woman is pregnant, the nitrogen removed from food during digestion is needed to help the fetus to grow properly. By term, the mother and infant will have accumulated over a pound of nitrogen.

It is also worth noting that in the plant kingdom, nitrogen is one of the 3 main elements that make plant life possible. (Potassium and phosphorus are the other two, and you may hear them referred to collectively as N-P-K whenever talking about key plant nutrients.)

Oxygen (O) - a macronutrient
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Oxygen is a gas is colorless, odorless, tasteless and highly reactive nonmetal in Group 16 that readily forms compounds with almost all other elements. Liquid and solid oxygen are pale blue. Oxygen is the third most abundant element in the universe by mass after hydrogen and helium and the most abundant element by mass in the Earth's crust.  While about one fifth of the atmosphere is oxygen gas, the atmosphere of Mars contains only about 0.15% oxygen. Oxygen is the third most abundant element found in the sun and plays a part in the carbon-nitrogen cycle, one process responsible for stellar energy production. Oxygen in excited states is responsible for the bright red and yellow-green colors of the aurora. Diatomic oxygen, O2, gas constitutes 20.9% of the volume of air. Uses of oxygen include the production of steel, plastics and textiles; rocket propellant; oxygen therapy; and life support in aircraft, submarines, spaceflight and diving.

It may seem obvious that people need to breathe oxygen to survive, but plants need this element too. Many people think plants "breathe" carbon dioxide and "exhale" oxygen. But in reality, plants also "breathe" oxygen at certain times. Without oxygen, plants could not survive. Without plants, we wouldn’t have food to eat.

About two thirds of the human body, and nine tenths of water, is oxygen. All major classes of structural molecules in living organisms, such as proteins, carbohydrates, and fats, contain oxygen, as do the major inorganic compounds that comprise animal shells, teeth, and bone. Oxygen in the form of O2 is produced from water by cyan bacteria, algae and plants during photosynthesis and is used in cellular respiration for all complex life. Oxygen is toxic to obligatory anaerobic organisms, which were the dominant form of early life on Earth until O2 began to accumulate in the atmosphere 2.5 billion years ago. Another form of oxygen, ozone (O3), helps protect the biosphere from ultraviolet radiation with the high-altitude ozone layer, but is a pollutant near the surface where it is a by-product of smog. At even higher low earth orbit altitudes atomic oxygen is a significant presence and a cause of erosion for spacecraft.

It is also worth mentioning that water is a compound of hydrogen and oxygen (H2O) and that water is absolutely necessary for virtually all life as we know it. Water is incredibly important in our bodies. In fact, more than 50% of our bodies are made of water. It dissolves other life-supporting substances and transports them to fluids in and around our cells. It is also a place in which important reactions take place in our bodies. Many people consider water to be the "blood of life".

When you consider the full importance of oxygen, it becomes clear that this versatile element is the single most important substance to life.
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Sodium (Na)

Sodium is a soft, silvery-white, highly reactive metal. Elemental sodium does not occur naturally on Earth, because it quickly oxidizes in air and is violently reactive with water, so it must be stored in an inert medium, such as a liquid hydrocarbon. Sodium ion is soluble in water in nearly all of its compounds, and is thus present in great quantities in the Earth's oceans and other stagnant bodies of water. In these bodies it is mostly counterbalanced by the chloride ion, causing evaporated ocean water solids to consist mostly of sodium chloride, or common table salt. Sodium ion is also a component of many minerals. Sodium is an essential element for all animal life (including human) and for some plant species. Sodium's relative rarity on land is due to its solubility in water, thus causing it to be leached into bodies of long-standing water by rainfall. Such is its relatively large requirement in animals, in contrast to its relative scarcity in many inland soils, that herbivorous land animals have developed a special taste receptor for the sodium ion. Sodium salts give off a characteristic orange/yellow color to flames and orange street lighting is orange because of the presence of sodium in the lamp.

Sodium is an element that is vital to human life, making up around 0.14% of the human body. Together with potassium and chlorine, it forms a very important part of blood plasma. Without sodium, our cells could not get the nutrients they need to survive. Sodium also allows our bodies to maintain the right blood chemistry and the correct amount of water in our blood. This element also allows our muscles to contract normally. Furthermore, our bodies need sodium to digest the food that we eat. Normal functioning of our nervous system also depends on this important element.

Having the proper amount of sodium in our blood is so important that our bodies have special ways to maintain the right levels of this important element. For instance, if you eat a bag of salty potato chips (salt is actually a compound of sodium and chlorine), your body will soon sense that there is too much sodium in your body. Your body’s first response will be to become thirsty. When you drink water, the sodium in your blood becomes diluted and then your kidneys can remove the excess sodium that you consumed when you ate the salty potato chips.

The foods that most Americans eat are very high in salt content (i.e. potato chips, french fries and popcorn). Salt is really a compound of sodium and chlorine. Therefore, most Americans consume far more sodium than our bodies actually need and it is uncommon that someone would not get enough of this element. One situation that a sodium deficiency can occur, however, is when you sweat a large amount from playing sports or exercising extensively. Your sweat contains a lot of sodium and if you sweat enough, you will loose too much sodium. This can lead to dehydration, weakness and mental confusion. Many athletes drink sports drinks that contain a lot of sodium, like Gatorade, to prevent this from happening.

Sulfur (S) - a macronutrient

Sulfur an abundant non-metal and found in nature as a bright yellow crystalline solid. Sulfur is an odorless brittle solid which is insoluble in water but soluble in carbon disulphide. Sulfur is essential to life. It is a minor constituent of fats, body fluids, and skeletal minerals. It is also  found in two amino acids: cytosine and methionine. Its commercial uses are primarily in fertilizers, but it is also widely used in black gunpowder, matches, insecticides and fungicides. Elemental sulfur crystals are commonly sought after by mineral collectors for their brightly colored polyhedron shapes. Sulfur is found in meteorites, volcanoes, hot springs, and as galena, gypsum, Epsom salts, and barite. It is recovered commercially from "salt domes" along the Gulf Coast of the USA. Jupiter's moon Io owes its colors to various forms of sulfur. A dark area near the crater Aristarchus on the moon may be a sulfur deposit.

Carbon disulphide, hydrogen sulfide, and sulfur dioxide should be handled extremely carefully. Hydrogen sulfide in very small concentrations can be metabolized, but in higher concentrations it can cause death quickly by respiratory paralysis. It is insidious in that it quickly deadens the sense of smell. Sulfur dioxide is a dangerous component in atmospheric air pollution and is one of the factors responsible for acid rain.
Sulfur is an important element that is used in small amounts to help construct virtually all parts of the human body (approximately 0.2-0.22 %). Sulfur helps protect the cells in our bodies from environmental hazards such as air pollution and radiation. Consequently, sulfur slows down the aging process and extends our life span. Also, sulfur helps our liver function properly, helps us digest the food that we eat and then turn that food into energy. Sulfur is also important for helping our blood clot when we cut or bruise ourselves. Additionally, sulfur is an important part of vitamin B1 and insulin. Interestingly, sulfur is also an important part of a substance that keeps your skin supple and elastic. If you don’t think that is important, just imagine trying to get a date to the homecoming dance with stiff, loose skin hanging all over your body.
Fortunately, there is plenty of sulfur in the food that we eat and it is easy to get enough of this important element in our daily diets. There is no need to worry about getting too much sulfur in your diet. If you get more than your body needs, you just excrete it in your urine. Foods that have a lot of sulfur include meats, fish, dairy products, eggs and garlic.
Standard 7-5: The student will demonstrate an understanding of the classifications and properties of matter, and the changes that matter undergoes. (Physical Science)





Indicator 7-5.2: Classify matter as element, compound, or mixture on the basis of its composition.





Other indicators addressed:  


Indicator 7-1.2:  Generate questions that can be answered through scientific investigations.





Indicator 7-1.7:  Use appropriate safety procedures when conducting investigations.





Indicator 7-5.10: Compare physical changes (including changes in size, shape, and state) to chemical changes that are the result of chemical reactions (including changes in color or temperature and formation of a precipitate or gas).
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