STUDENT STUDY GUIDE FOR 8TH GRADE CHEMISTRY

Welcome to chemistry.  Chemistry is the science of matter and its interactions.  Everything around you is made of atoms – atoms and their chemical combinations, molecules.  Everything you can see, touch, smell, and taste is made up of chemicals.  So, the science of chemistry is a very wide ranging science.  Parts can concentrate on how interactions of atoms and molecules allow the nerves in  your body to conduct electrical signals.  Other parts might concentrate on analyzing clues left by a burglar in order to help the police solve a crime.  Still, other parts of chemistry might be involved in making new polymers that might be used by the fashion industry to make more colorful and longer wearing fabrics.

If you have access to a computer and the internet, there are a number of excellent tutoring sites to help students gain a better understanding of chemistry.  One of the better sites for middle school students Is:


www.chem4kids.com/
This site is written at middle school level and has a number of on-line tests that you can use to check your understanding of the material.

Several other good internet sites are:

http://chemistry.about.com/od/chemistry101/Chemistry_101_Introduction_to_Chemistry.html  - Chemistry 101 - a collection of articles and on-line help sites in chemistry

http://library.thinkquest.org/10429/low/indexl.htm - ChemWeb on line - an introductory chemistry course on line

http://library.thinkquest.org/2923/ - Chemistry Tutor – on line help for chemistry

So, let’s get started.  If you want to review chemistry for 8th grade, let’s consider what you will need to know.  A good outline of what you need to know is given below:

I. The Nature of Matter

a. How do we measure matter?

b. How do we classify matter?

i. Elements

ii. Compounds

iii. Mixtures – homogeneous and heterogeneous

c. Physical changes and the 4 states of matter

d. Chemical changes

II. The Atom

a. Parts of an atom – electrons, protons, and neutrons

b. The construction of atoms and how the electrons fit in the shells

c. How structure relates to properties

d. The periodic table

e. Families or groups of atoms

III. Molecules

a. How do atoms form molecules?

b. Ionic bonds

c. Covalent bonds

d. Chemical reactions

e. Chemical equations

IV. Carbon Chemistry

a. The carbon atom

b. How carbon forms bonds

c. Organic chemistry – the chemistry of life

d. Polymers

V. Chemistry and Health

a. Toxicity

b. What is really safe?

c. Routes of exposure

THE NATURE OF MATTER

How do we measure matter?  Scientists world wide use the International System of Measurement (SI).  This is more commonly known as the metric system.  By using a common system of measurements, scientists are able to compare measurements made in different laboratories.  The metric system is based on factors of 10.  One measurement unit can be converted to a larger unit by multiplying the unit by 10.  The base name of the unit would stay the same, but the prefix would change.

Example:  Take the unit of length, which is the meter in the metric system.  A meter is slightly longer than a yard.  In fact, one meter is equal to 1.094 yards.  Other units of length in t he metric system could be had by adding a prefix to meter.

	Prefix
	Multiplication Factor
	Name
	Symbol

	kilo-
	1000
	kilometer
	k

	hecto-
	100
	hectometer
	h

	deca-
	10
	decameter
	d

	
	1
	meter
	m

	centi-
	0.01
	centimeter
	cm

	milli-
	0.001
	millimeter
	mm


When we measure volume, we use the liter.  One liter is slightly larger than a quart (1 liter = 1.06 quarts).  More commonly, in the laboratory, we use the milliliter (ml), which is one thousandths of a liter (1000 milliliters = 1 liter).

The SI unit of mass is the gram.  The gram is a small unit, for example, 453 grams equals one pound.  For larger units, we use the kilogram (kg).  One kilogram equals 1000 grams.

You should know how to do metric conversions.  Some example problems are given below:

1. Which measurement is largest:  Circle your answer.

a. 14 mm or 1 cm

b. 334 m or 1 km

c. 1 m or 990 cm

d. 145 m or 145 km

e. 3.4 cm or 30 mm

f. 10 km or 1000 cm

2. How much does each one equal?

a. 100 cm = ______ m

b. 10,000 cm = _____ km

c. 1 liter = _______ ml

d. 1 gram = _______micrograms

e. 1 meter = _______millimeters

3. What does each unit represent?

a. mm = _________________

b. cm = _________________

c. ml = __________________

d. kg = __________________

A good internet site for information and practice is:

www.sciencespot.net/Pages/classmetric.html
Another measurement that is useful to scientists is density.  Density is a measure of how compact matter is, and it is defined as the mass of an object divided by its volume.  The mathematical definition would be:


Density = mass / volume

Since mass is usually measured in grams and volume is usually measured in milliliters, the units of density will be grams per milliliter or gm/ml.

Density is a very useful measurement, as different materials will have different densities.  So, density can be used to determine the identity of a substance.

Question:  The mass of an object is 15 grams.  Its volume is 10 milliliters.  What is its density?


Density = mass / volume = 15 grams / 10 milliliters = 1.5 gm/ml

Density is also useful in determining if an object will float on water.  The density of water is approximately 1 gram/ml.  If an object’s density is greater than that of water, it will sink.  If an object’s density is less than that of water, it will float.  Would the object in the above problem float or sink?

Question:  Calculate the density of a 50 ml block of aluminum if it has a mass of 135 grams.

Question:  Calculate the mass of a 200 ml block of titanium if its density is 4.51 gm/ml.

How do we classify matter?  Matter is anything that has mass and takes up space.  Scientists use a system to classify matter based on its composition and purity.

Matter in its purest form comes in two types – elements and compounds.

The simplest form of matter is an element.  An element is composed of a single kind of atom.  Gold would be an example of an element, as it is composed of just gold atoms.  If you had a piece of gold, you would just have gold atoms.  No other kind of atom would be present.

Compounds are also a pure form of matter, but the particles that make up compounds are composed of more than one kind of atom.  These particles are called molecules.  A molecule is a particle composed of two or more atoms chemically combined.  A good example of a compound would be water.  Water is composed of water molecules, each of which is made up of an oxygen atom and two hydrogen atoms chemically combined.

When different substances are mixed and there is no chemical reaction, a mixture results.  So, a mixture would be a combination of different substances not chemically combined.  There are two kinds of mixtures – homogeneous mixtures and heterogeneous mixtures.

A homogeneous mixture has a uniform composition throughout.  A good example of a homogeneous mixture would be Coca Cola.  You have water with flavors and sugar dissolved in it.  If you took samples anywhere in the coke, the composition would be the same.  Another name for this mixture is solution.  You can have solid solutions.  Gold jewelry is a good example of a solid solution.  Gold is too soft to use in pure form in jewelry, so it is mixed with other elements such as silver and copper to make it harder.  

Given below is the classification scheme for matter.  This was taken from:

http://honolulu.hawaii.edu/distance/sci122/Programs/p22/image.gif 
[image: image1.wmf]
A good reference site on the classification of matter is:

www.emsb.qc.ca/laurenhill/science/classification.html  

Question:  Classify the following substances – banana, hot tea, gold ring, water, sugar, aluminum (Al), salt (NaCl), dirt, raisin bread, air.

Physical Changes and the 4 States of Matter.  Matter can exist in four physical states – solid, liquid, gas, and plasma.  Matter can exist in any of these four states depending on the pressure and temperature.  It can be converted from one physical state to another by changing the pressure and temperature.  No chemical change is involved in changing physical state.  A chemical change only occurs when chemical bonds are broken, formed, or both.

When matter is in the solid state, the particles (atoms or molecules) that make up the matter are very close together.  These particles can vibrate around fixed positions in space.  A solid is characterized by having a fixed shape and a fixed volume.  If the temperature of the solid was raised, at a given temperature, the solid would melt and become a liquid.

When a solid melts, the particles that make up the solid gain enough energy so that they can move relative to each other and no longer occupy fixed positions.   However, they are still relatively close to each other.  Since the particles can move, a liquid is characterized by having a fixed volume but no fixed shape.  A liquid will occupy the shape of whatever container it is placed in.

If a liquid is heated, the temperature will rise.  The particles of the liquid will move faster as the temperature rises.  At the boiling point, the particles gain enough energy so they can move independently of each other, and the liquid is converted to a gas.  Since the particles in a gas can move independently of each other, a gas has no fixed volume or shape.  A gas will occupy the volume and shape  of whatever container it is placed in.

If the temperature were continued to be raised, at very high  temperatures, the molecules would be dissociated into atoms, and the atoms would be stripped of their electrons.  What would remain would be a mixture of electrons and nuclei.  This is a plasma.  This is the most common form of regular matter in the universe, as this is what makes up stars.  This is what makes up our sun.

In a physical change, there are no chemical bonds broken or formed.  In other words, the substance stays the same.  Ice would be composed of water molecules.  If it were melted into liquid water, it would still be composed of water molecules.  If it were boiled and converted into steam, the steam would still be composed of water molecules.

A good site for states of matter is:

http://www.chem.purdue.edu/gchelp/atoms/states.html
Questions:

1. Why won’t a gas stay in a cup?

a. The gas will stay if you hold the cup upside down.

b. The gas molecules have too much energy to stay in the cup.

c. You can’t put gas in a cup.

2. Can iron ever be a liquid.

a. Iron is only used in making bridges and cars.

b. Iron is a metal and can’t be a liquid.

c. Yes, it can be melted at high temperature.

3. Why is iron a solid at room temperature and water is a liquid?

a. The iron atoms are heavier than water molecules and require more energy to melt.

b. Iron atoms are harder than water molecules.

c. Iron can only exist as a solid.

In a chemical change, chemical bonds are broken or formed, and a new substance results.  For example, if wood were burned, the cellulose in the wood would be converted to carbon dioxide and water.  It would no longer be wood.  A physical change doesn’t change what the material is.  For example, it a paper cup were cut into small pieces, the small pieces would still be paper.  If the paper cup was burned, paper would no longer exist.  Chemical changes are often accompanied by:


a. Heat given off or absorbed


b. Light given off


c. Change in appearance


e. Production of a gas


f. Changes in odor

Decide if the following changes are chemical or physical changes:

a. Frying an egg.

b. Vaporizing dry ice

c. Boiling water

d. Burning a candle

e. Sawing wood

f. Breaking glass

The site below gives a quiz on physical and chemical changes:

www.quia.com/quiz/303980.html
THE ATOM

Parts of an atom:.  If you took an element and started subdividing it, you would, after much work, come to the smallest particle that would still have properties of that element.  That particle would be an atom.  If you took a compound and started subdividing it, you would come to the smallest particle which still has properties of that compound, and that particle would be a molecule.  The molecule would be composed of atoms chemically combined.  To reach an understanding about the nature of matter and chemistry, you need to know something about atoms.

Atoms are very small particles.  27 grams of aluminum would contain 6.023 x 1023 atoms.  The average size of an atom is on the order of 0.1 nanometer (1 nm = 10-9 meter).

Atoms are mostly empty space.  If you enlarged a hydrogen atom so that the nucleus was the size of a person, the electron would be two miles away and the size of a small bird.  It is an interesting thought that if atoms are mostly empty space, we are composed of atoms, so we are mostly empty space.

Atoms are composed of three kinds of particles – electrons, protons, and neutrons.  Protons have a positive charge and a mass of 1 atomic mass unit (amu).  Neutrons have no charge (they are neutral) and have a mass of 1 atomic mass unit.  Electrons have a negative charge and have a mass of 1/1840 that of a neutron or proton.  For all practical purposes, in determining the mass of an atom, the masses of the electrons can be neglected as they are so small.

The atomic mass unit is equal to 1.66 x 10-24 gram.  Atoms are very, very small.  27 grams of aluminum would contain 6.023 x 1023 atoms of aluminum.

	Particle
	Charge
	Mass

	Electron
	-1
	Negligible

	Proton
	+1
	1 amu

	Neutron
	0
	1 amu


Since atoms are electrically neutral, they will have the same number of protons as neutrons – in other words, the same number of positive charges as negative charges.  They are electrically neutral.

Models are used to help us figure out how things work – especially in cases where we can’t actually visualize the objects that we are dealing with.  There are several models of the atom that are used to help us understand how atoms interact.  One of the simpler models is the one used by Niels Bohr.  He pictured the atoms as a solar system with the nucleus at the center of the atom containing the protons and neutrons and the electrons in orbit about the nucleus.  For our purposes, this is a good model.

[image: image2.wmf]


Atoms differ from each other in numbers of protons in the nucleus and numbers of electrons in orbit about the nucleus.  It is the number of electrons and protons that determines the chemical properties of an element.  For example, hydrogen would have a single proton in the nucleus and a single electron about the nucleus.  Helium would have two protons and two neutrons in the nucleus and two electrons in orbit about the nucleus.  Here’s a chart of the makeup of the first 10 elements.

	Element
	# Protons, Z
	# Electrons
	# Neutrons
	Atomic Mass

	Hydrogen
	1
	1
	0
	1

	Helium
	2
	2
	2
	4

	Lithium
	3
	3
	4
	7

	Berylium
	4
	4
	5
	9

	Boron
	5
	5
	6
	11

	Carbon
	6
	6
	6
	12

	Nitrogen
	7
	7
	7
	14

	Oxygen
	8
	8
	8
	16

	Fluorine
	9
	9
	10
	19

	Neon
	10
	10
	10
	20


The number of protons in the nucleus, which will be the same as the number of electrons in a neutral atom, is called the atomic number, Z.  This determines the chemical properties of the element.

The atomic mass, M, is the sum of the number of protons and neutrons in the nucleus of an atom.  Remember that the masses of the electrons are very small and can be ignored in calculating the mass of an atom.  


Atomic mass = n + Z = # neutrons + # protons

Questions:

1. If an atom has 6 protons and 8 neutrons, what is the atomic mass?

2. If an atom has an atomic mass of 19 and an atomic number of  9, how many protons, neutrons and electrons does it have?

3. If an atom has 5 electrons and 6 neutrons, what is the atomic number and atomic mass?

4. If an atom has an atomic mass of 7 and 3 protons, what is its atomic number, # of electrons, and # of neutrons?

The Construction of Atoms:  Our model of the atom is the solar system model.  In that model, electrons can go into certain orbits.  A certain number of electrons can go into each orbit, and the ones closest to the nucleus represent the ones with the lowest energy.  Those are the ones that will fill with electrons first.  It is the arrangement and number of electrons, especially the outer electrons, that determines the chemical properties of the elements.

If we take all the elements and arrange them in order of increasing atomic number (remember, # of protons in nucleus or number of electrons in a neutral atom), we find that chemical properties repeat themselves.  Groups of atoms have similar chemical properties.  The reason for this is that the number of electrons in the outermost shell or orbit determine the chemical properties.  

Let’s take a look at how the electrons are arranged in shells.  The first shell can only hold 2 electrons.  Beyond the first shell, the outermost shell can only hold 8 electrons.  Using these rules, let’s take a look at how the electrons are arranged in the first 18 elements:

	Element
	Atomic Number, Z
	Electrons in 1st shell
	Electrons in 2nd shell
	Electrons in 3rd shell

	Hydrogen
	1
	1
	
	

	Helium
	2
	2
	
	

	Lithium
	3
	2
	1
	

	Berylium
	4
	2
	2
	

	Boron
	5
	2
	3
	

	Carbon
	6
	2
	4
	

	Nitrogen
	7
	2
	5
	

	Oxygen
	8
	2
	6
	

	Fluorine
	9
	2
	7
	

	Neon
	10
	2
	8
	

	Sodium
	11
	2
	8
	1

	Magnesium
	12
	2
	8
	2

	Aluminum
	13
	2
	8
	3

	Silicon
	14
	2
	8
	4

	Phosphorus
	15
	2
	8
	5

	Sulfur
	16
	2
	8
	6

	Chlorine
	17
	2
	8
	7

	Argon
	18
	2
	8
	8


Notice that the number of electrons in the outermost shell repeats.  These elements would have similar chemical properties.  This is the principal of the periodic table.  Dmitry Mendeleyev, a Russian chemist , came up with this principal in 1869.

[image: image3.wmf]
This is a modern version of the periodic table that Mendeleyev came up with.  The vertical columns are called groups or families.  Elements in these groups would have similar chemical properties.  For example, all of the elements in VIIIA have filled outer shells – the maximum number of electrons that can go into these shells.  This is a stable configuration, so these elements are not very reactive.  These elements are called the Nobel Gases or Inert Gases.  The elements in group IA all have one electron in the outer shell.  All of these elements react by loss of t hat electron.  They are all metals and are called the Alkali Metals.

Questions:

1. About how many elements are there?

a. 20

b. 50

c. 100

d. 200

2. The elements in the periodic table are arranged by

a. Atomic mass

b. Atomic number

c. Number of neutrons

d. Chemical reactivity

3. Which scientist came up with the concept of the periodic table?

a. Jason Priestly

b. Dmitri Mendeleev

c. Albert Einstein

d. Gregor Mendel

4. Vertical columns in the periodic table are called

a. Periods

b. Groups

c. Tables

d. Inert gases

How do atoms form molecules?  A filled outer shell represents a stable configuration.  This would be 2 electrons in the first shell and 8 electrons in any shell after the first one.  Atoms can undergo chemical reactions by losing, gaining, or sharing electrons to achieve this stable configuration.  If atoms have 3 or fewer outer electrons, they can lose these electrons to achieve a stable configuration.  If atoms have more that 5 outer electrons, they can gain additional electrons to fill the outer shells.  If they have between 3 and 5 outer electrons, they can share electrons with other atoms to achieve a stable configuration.

Ionic Bonds:  The first way that atoms can form chemical bonds to build molecules is by loss or gain of electrons.  Atoms with 3 or fewer outer (valence) electrons can lose electrons to gain a stable configuration.  Take the sodium atom as an example.  Sodium has an atomic number of 11.  It has 2 electrons in the first shell, 8 electrons in the second shell, and 1 electron in the outer or valence shell.  If sodium loses an electron, there are 8 electrons left in the second shell, which now becomes the outer shell.  8 electrons in the outer shell is a stable configuration.  Now, if sodium has lost an electron, it has lost a negative charge.  It was neutral to begin with.  After the loss of an electron (negative charge), it will have one more positive charges than negative charges.  The net charge on the sodium is now +1.  We refer to a charged atom as an ion.

Chlorine has an atomic number of 17.  It has 2 electrons in the first shell, 8 electrons in the second shell, and 7 electrons in the third shell.  Atoms with 5 or more valence electrons can gain electrons to have a full outer shell.  If chlorine gains an electron, it will have 8 electrons in the outer shell, and it will have a stable electron configuration.  Chlorine is neutral to begin with, so if it gains an electron, it will have a net charge of -1.  The chloride ion has a charge of -1.

When ionic reactions take place, the reactants are electrically neutral to begin with.  The same number of electrons must be lost as gained so the resulting products will be electrically neutral after reaction.

A typical ionic reaction would be between sodium metal and chlorine gas.  Each sodium atom would lose an electron, and each chlorine atom would gain an electron.  The opposite electrical charges of the sodium ions and chloride ions would provide an ionic bond to hold the ions together.   This reaction could be written as:


2 Na + Cl2  =  2 Na+Cl-
The same number of electrons are lost as are gained.  The product is sodium chloride (ordinary table salt).

Another example of an ionic reaction would be the reaction between magnesium metal and oxygen.  If magnesium metal is heated hot enough, it will burn in air.


2 Mg + O2  =  2 Mg+2O-2
Each magnesium atom in this case loses 2 electrons and each oxygen atom gains two electrons.  They both end up with 8 electrons in the outer shell – a stable configuration.

Covalent reactions.   Atoms can form chemical bonds by sharing electrons.  Atoms with more that 3 and less than 6 electrons in the outer shell tend to form chemical bonds by sharing electrons.   Consider the reaction between hydrogen and carbon.  Hydrogen has 1 electron in the outer shell.  If it could gain an electron, it would have 2 electrons in the outer shell.  2 electrons in the 1st shell is a stable configuration.  Carbon has 4 electrons in the outer shell.  If it could gain a share in 4 electrons, it would have a share in eight electrons – a stable configuration.  4 hydrogens can share electrons with 1 carbon as follows:


2 H2  +  C  =  CH4
The product is methane gas, and all requirements are met.  

Go to:   www.chem4kids.com  for more review and quiz questions in this area.

Also, check out:

www.chemistry.about.com/od/chemistryforkids/Chemistry_for_Kids.htm
Chemical Equations:  Chemical equations are a short hand way of  describing what happens in a chemical reaction.  Consider the following chemical equation:

2 C2H6  +  7 O2  =  4 CO2 + 6 H2O

What does this equation tell us.  It tells us that 2 molecules of ethane gas will react with 7 molecules of oxygen to form 4 molecules of carbon dioxide and 6 molecules of water.  The numbers before the molecule symbols tell how many molecules of each are involved.  The subscripts after each atomic symbol tell us how many of each kind of atom are present in each molecule.  For an equation to be balanced, there must be the same number of molecules of each kind on the left side of the equation (reactants) as are on the right side of the equation (products).  

In a chemical reaction, matter cannot be created or destroyed.  This is the Law of Conservation of Mass.  

In balancing chemical equations, you cannot change the subscripts that tell how many atoms of each kind are present in a molecule.  That would be changing  the identity of the substance.  You can only change the numbers in front of the symbols for the molecules.

Try your hand at balancing the following equations:

1.   NH3  +  O2   =   NO   +   H2O

2. Al  +  O2  =   Al2O3
3.  PbCl2  +  Na2SO4  =  PbSO4  +  NaCl   (hint:  treat SO4 as a unit)

Go to the following web site for more practice and information:

www.richardbowles.tripod.com/chemistry/balance.htm
Chemical equations are great in that they can convey a great deal of information in very little space.

Metals, Nonmetals, and Metalloids:  If you asked someone to describe a metal, most  would tell you that a metal is shiny, hard, and a good conductor of electricity.  This is a good start.  If we list the properties of metals, we would have the following:

1. Usually have 1 to 3 valence electrons

2. Lose their valence electrons easily

3. Good conductors of electricity and heat

4. Malleable – can be beaten into thin sheets

5. Ductile – can be stretched into a wire

6. Solid at room temperature (exception mercury)

7. Possess metallic luster

If we asked someone to describe a nonmetal, they would have more of a problem.  Some of the properties of nonmetals are:

1. Usually have 4 to 8 electrons in their outer shell

2. Gain or share electrons in reactions

3. Poor conductors

4. Brittle (if a solid)

5. Do not have metallic luster

6. Solids, liquids, or gases at room temperature

Some examples of nonmetals are sulfur, chlorine, argon, and phosphorus.

There are a few elements that have properties between metals and nonmetals.  These are the metalloids.  A good example is silicon.  If has a metallic luster, but it is very brittle.

[image: image4.wmf]
If we look at tis periodic table, we will see that most of the elements are metals.  They are shown in blue.  The nonmetals are shown in orange, and the metalloids are shown in purple.   Hydrogen can behave as a metal or nonmetal.  At very high pressures and very low temperatures, it behaves as a metal.  At normal conditions it behaves as a nonmetal.

Questions:

1. Using the periodic table, tell whether the following are metals, nonmetals, or metalloids:

a. Iron, Fe

b. Sodium

c. Boron

d. Carbon

e. Argon

f. Arsenic

g. Potassium

h. Phosphorus

i. Silicon

2. Which of the following is not a metal?

a. Lead

b. Oxygen

c. Zinc

d. Iron

3. Which element has atomic number 1?

a. Phosphorus

b. Platinum

c. Hydrogen

d. Helium

4. Which of these elements is a liquid at room temperature?

a. Sulphur

b. Hydrogen

c. Bromine

d. Tungsten

5. Which of these metals is not an element?

a. Silver

b. Copper

c. Gold

d. Bronze

Carbon Chemistry:  Carbon is a very unusual element.  It is located in the center of the periodic table.  It has 4 electrons in its outer shell.  To gain a stable electron configuration, it could either lose 4 electrons or gain four electrons.  It does not have enough attraction for electrons to gain 4 electrons.  The electrons it has are held too tightly to lose 4 electrons.  Carbon can gain a stable electron configuration by sharing 4 electrons – forming 4 covalent bonds.  This is what it does.  Carbon can form 4 covalent bonds with itself or with several other elements such as nitrogen, hydrogen, oxygen and sulfur.  This unusual ability of carbon means that carbon can form literally millions of compounds.  Many of them are biologically important.  Carbon chemistry is key to life as we know it.

The element carbon can exist in three states in nature – as graphite, diamond, or buckey balls.  The structures of these forms of carbon are shown below:
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Diamond is shown on the left.  In diamond, carbon forms four bonds with 4 other carbons by sharing electrons.  The bonds are directed towards the corners of a regular tetrahedron (four sided structure).  These three dimensional bonds give diamond a very strong structure.  Diamond is the hardest material known.

Graphite is shown in the center.  In graphite, carbon forms three covalent bonds with three other carbons in a plane.  One electron remains free.  Since graphite exists in planes, the planes can slide over each other easily, so graphite makes a good lubricant.  Since graphite has free electrons, it is a good conductor of electricity.  Diamond, on the other hand, does not conduct electricity.

Carbon forms a cage structure in buckey balls (short for buckmeisterfullerene).  Each carbon in buckey balls forms three covalent bonds with three other carbons.  It is as if you took a sheet of graphite and folded it over.

Thought question:  If diamond is made out of carbon, can you burn diamond?

Hydrocarbons:  Since carbon can form bonds with itself and with certain other elements, a number of compounds can be formed with just hydrogen and carbon.  We call this class of compounds hydrocarbons, and they are important sources of energy – natural gas, petroleum, and coal.  

The simplest compound that could be formed with hydrogen and carbon is methane, the main component of natural gas.  The formula for methane is CH4.   In this compound, carbon forms covalent bonds with 4 hydrogens.  The structure is:
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In methane, the hydrogens are at the corners of a regular tetrahedron.  

The next simplest hydrocarbon is ethane.  The formula for ethane is C2H6.  The structure of ethane would be:
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Ethane would also be found in natural gas, and it is a very important intermediate in making plastics.

The next compound in the series is propane, C3H8.  The structure of propane is:
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Propane is used in LPG, liquefied petroleum gas.

If we add another carbon to the chain, we have butane, C4H10.  The structure is:
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With butane, there turns out to be more than one way to arrange the carbons and still have the same general formula C4H10.
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These are called isomers.  They have the same general formula, but they have slightly different properties.  As the number of carbons in the compound increases, the number of possible isomers increases as well.

	Number of Carbon Atoms
	Possible No. of Isomers

	6
	5

	7
	9

	9
	35

	10
	75

	20
	366,319

	30
	4,111,846,763


Many of these compounds are found in petroleum.  The number of possible carbon based compounds is very, very large.

Compounds Important for Life:  When other elements are added to carbon based compounds such as oxygen, nitrogen, and sulfur, you end up with compounds that are important biologically.

For example, many sugars and starches are based on just carbon hydrogen and oxygen.  Glucose is C6H12O6.   Sucrose (table sugar) is C12H22O11.  Starch and cellulose are long chain polymers of glucose (many glucose molecules bonded together).

All amino acids found in proteins have the basic structure:

[image: image5.wmf]
Here, the R group is a side chain composed of carbon and other atoms.

Amino acids form polymers called proteins (just long chains of amino acids bonded together).  These compounds carry out all of the functions of cells.

Polymers are really long chains of molecules strung together.  Proteins are an important biological example.  DNA is another biological example.

Some non-biological examples of polymers are plastics.  Polyethylene would be made up of long chains of ethylene molecules.

A good web site to use to learn about polymers is:

http://www.pslc.ws/macrog/kidsmac/wiap.htm  

























































