Atomic Structure
The text provides a historical perspective of how the internal structure of the atom was discovered. It is certainly one of the most important scientific discoveries of this century, and I recommend that you read through it. However, we will begin our discussion of the atom from the modern day perspective.
All atoms are made from three subatomic particles 
Protons, neutron & electrons. 
These particles have the following properties:
	Particle
	Charge
	Mass (g)
	Mass (amu)

	Proton
	+1
	1.6727 x 10-24 g
	1.007316

	Neutron
	0
	1.6750 x 10-24 g
	1.008701

	Electron
	-1
	9.110 x 10-28 g
	0.000549


In the above table I have used a unit of mass called the atomic mass unit (amu). This unit is much more convenient to use than grams for describing masses of atoms. It is defined so that both protons and neutrons have a mass of approximately 1 amu. Its precise definition will be given later.
The important points to keep in mind are as follows:
· Protons and neutrons have almost the same mass, while the electron is approximately 2000 times lighter. 
· Protons and electrons carry charges of equal magnitude, but opposite charge. Neutrons carry no charge (they are neutral). 

It was once thought that protons, neutrons and electrons were spread out in a rather uniform fashion to form the atom (see J.J. Thompson’s plum pudding model of the atom on page 42), but now we know the actual structure of the atom to be quite different.
What does an atom look like?
Protons and neutrons are held together rather closely in the center of the atom. Together they make up the nucleus, which accounts for nearly all of the mass of the atom.
Electrons move rapidly around the nucleus and constitute almost the entire volume of the atom. Although quantum mechanics are necessary to explain the motion of an electron about the nucleus, we can say that the distribution of electrons about an atom is such that the atom has a spherical shape.
Atoms have sizes on the order of 1-5 Å (1 angstrom = 1 Å = 1 x 10-10 m) and masses on the order of 1-300 amu.
To put the mass and dimensions of an atom into perspective consider the following analogies. If an atom were the size of Ohio stadium, the nucleus would only be the size of a small marble. However, the mass of that marble would be ~ 115 million tons.
What holds an atom together?
The negatively charged electron is attracted to the positively charged nucleus by a Coulombic attraction. 
The protons and neutrons are held together in the nucleus by the strong nuclear force.
How many electrons, protons and neutrons are contained in an atom?
Atoms in their natural state have no charge, that is they are neutral. Therefore, in a neutral atom the number of protons and electrons are the same. If this condition is violated the atom has a net charge and is called an ion.
The number of protons in the nucleus determines the identity of the atom. For example all carbon atoms contain six protons, all gold atoms contain 79 protons, all lead atoms contain 82 protons. 
Two atoms with the same number of protons, but different numbers of neutrons are called isotopes.
How does the structure of the atom relate to its properties?
Chemical reactions involve either the transfer or the sharing of electrons between atoms. Therefore, the chemical reactivity/ properties of an element is primarily dependent upon the number of electrons in an atom of that element. Protons also play a significant role because the tendency for an atom to either lose, gain or share electrons is dependent upon the charge of the nucleus.
Therefore, we can say that the chemical reactivity of an atom is dependent upon the number of electrons and protons, and independent of the number of neutrons. 
The mass and radioactive properties of an atom are dependent upon the number of protons and neutrons in the nucleus.
Note: The number of protons, neutrons and electrons in an atom completely determine its properties and identity, regardless of how and where the atom was made. So it is inaccurate to speak of synthetic atoms and natural atoms. In other words a lead atom is a lead atom, end of story. It doesn’t matter if was mined from the earth, produced in a nuclear reactor, or came to earth on an asteroid.
Symbolism
There is a symbolism or shorthand for describing atoms which is universally used across all scientific disciplines
Atomic Number (Z) = The # of protons
Mass Number (A) = [The # of protons] + [the # of neutrons]
The number of protons, neutrons and electrons in an atom are uniquely specified by the following symbol
ASyC
where:
· Sy = The elemental symbol (i.e. C, N, Cr) = defines the # of protons 

· A = The mass number = [# of protons] + [# of neutrons] 

· C = The net charge = [# of protons] – [# of electrons] 

Example
Lets start with a neutral boron 10 atom -- 10B
Since the atom is a boron atom the periodic table tells us that there are 5 protons in the nucleus Z = 5.
The atom is neutral so that the number of electrons must balance the number of protons, 5 electrons.
The mass number is 10, so that the number of neutrons is A - Z = 10 - 5 = 5 neutrons.
¿AND YOU THOUGHT YOU WERE STRANGE?
Here is an outrageous thought: All the matter around you is made of atoms, and all atoms are made of only three types of subatomic particle, protons, electrons, and neutrons. Furthermore, all protons are exactly the same, all neutrons are exactly the same, and all electrons are exactly the same. Protons and neutrons have almost exactly the same mass. Electrons have a mass that is about 1/1835 the mass of a proton. Electrons have a unit negative charge. Protons each have a positive charge. These charges are genuine electrical charges. Neutrons do not have any charge. 

Even more outrageous is the shape of the atoms with the three subatomic particles. The neutrons and protons are in the center of the atom in a nucleus. The electrons are outside the nucleus in electron shells that are in different shapes at different distances from the nucleus. The atom is mostly empty space. Ernest Rutherford shot subatomic particles at a very thin piece of gold. Most of the particles went straight through the gold. It was like shooting a rifle into a thin line of trees. Some of the particles bounced off, some stuck inside, but the major portion of them passed through the gold foil. By Rutherford’s calculations, the nucleus in an atom is like a B-B in a boxcar. That is a genuinely outrageous idea. Almost all the mass of an atom is concentrated in the tiny nucleus. The mass of a proton or neutron is 1.66 E -24 grams or one AMU, atomic mass unit. The mass of an electron is 9.05 E -28 grams. This number is a billionth of a billionth of a billionth of a gram. It is not possible for anyone or any machine that uses light to actually see a proton using visible light. The wavelength of light is too large to be able to detect anything that small. 

  

ATOMIC WEIGHTS AND ATOMIC NUMBERS 
The integer that you find in each box of the Periodic Chart is the atomic number. The atomic number is the number of protons in the nucleus of each atom. Another number that you can often find in the box with the symbol of the element is not an integer. It is oversimplifying only a little to say that this number is the number of protons plus the average number of neutrons in that element. The number is called the atomic weight or atomic mass. 

How can it be that an element must have an averaged atomic weight? The number of protons defines the type of element. If an atom has six protons, it is carbon. If it has 92 protons, it is uranium. The number of neutrons in the nucleus of an element can be different, though. Carbon 12 is the commonest type of carbon. Carbon 12 has six protons (naturally, otherwise it wouldn’t be carbon) and six neutrons. The mass of the electrons is negligible. Carbon 12 has a mass of twelve. Carbon 13 has six protons and seven neutrons. Carbon 14 has six protons and eight neutrons. Carbon 14 is radioactive because, as other atoms with the wrong percentage of neutrons to protons, it is unstable. The nucleus tends to pop apart. The proper ratio of protons to neutrons is about one to one for small elements and about one proton to one and a half neutrons for the larger elements. Types of an element in which every atom has the same number of protons and the same number of neutrons are called isotopes. Carbon 14 is a radioactive isotope of carbon. Any carbon 14 that was made at the time the earth was formed is now almost all gone. Carbon 14 is continuously made from high energy electromagnetic radiation hitting nitrogen atoms in the ozone layer of the earth. This carbon 14 when taken into plants as CO2 will also be taken into animals. We can find out how much carbon 14 that normally is in a living plant or animal and from there we can find the actual amount of carbon 14 left in a plant or animal long dead. We can get a very good idea of how long ago that plant or animal was living from the amount of carbon 14 remaining in the dead body. This process is called ‘carbon dating.’ The stable, non-radioactive isotopes of carbon play no part in this. As a whole element, carbon has a more or less fixed proportion of the various carbon isotopes. For this reason, we can determine a weighted average of the isotopes for all elements. On a periodic chart you may see some atomic weights that are integers or in parentheses. These are usually on the very large or very rare or very radioactive elements. That is not really an integer atomic weight, but the atomic weight has been estimated to the nearest integer. 

FORMULA WEIGHT OR MOLECULAR WEIGHT OR FORMULA MASS OR MOLAR MASS
Now with the atomic weight information we can consider matching up atoms on a mass-to-mass basis. Let’s take hydrogen chloride, HCl. One hydrogen atom is attached to one chlorine atom, but they have different masses. A hydrogen atom has a mass of 1.008 AMU and a chlorine atom has a mass of 35.453 AMU. Practically speaking, one AMU is far too small a mass for us to weigh in the lab. We could weigh 1.008 grams of hydrogen and 35.453 grams of chlorine, and they would match up exactly right. There would be the same number of hydrogen atoms as chlorine atoms. They could join together to make HCl with no hydrogen or chlorine left over. If we take one gram of a material for every AMU of mass in the atoms of just one of them, we will have a mol (or mole) of that material. One mol of any material, therefore, has the same number of particles of the material named, this number being Avogadro’s number, 6.022 E 23. 

The formula weight is the most general term that includes atomic weight and molecular weight. In the case of the HCl, we can add the atomic weights of the elements in the compound and get a molecular weight. The molecular weight of HCl is 36.461 g/mol, the sum of the atomic weights of hydrogen and chlorine. The unit of molecular weight is grams per mol. The way to calculate the molecular weight of any formula is to add up the atomic weights of all the atoms in the formula. CuSO4·5H2O is copper II sulfate pentahydrate. The formula has one copper atom, one sulfur atom, nine oxygen atoms, and ten hydrogen atoms. To get the formula weight of this compound we would add up the atomic weights. Copper II sulfate pentahydrate is not a molecule, strictly speaking, but you will hear the term ‘molecular weight’ used for it rather than the more proper ‘formula weight.' Since the unit of formula weight is grams per mol, it makes good sense to use the formula weight of a material as a conversion factor between the mass of a material and the number of mols of the material. 

Atomic Structure



An atom is the smallest building block of matter. Atoms are made of neutrons, protons and electrons. The nucleus of an atom is extremely small in comparison to the atom. If an atom was the size of the Houston Astrodome, then its nucleus would be the size of a pea. 

Scientists use the Periodic Table in order to find out important information about various elements. Invented by Dmitri Mendeleev (1834-1907), the periodic table orders all known elements in accordance to their similarities. When Mendeleev began grouping elements, he noticed the Law of Chemical Periodicity. This law states that "the properties of the elements are periodic functions of atomic number." The periodic table is a chart which categorizes elements by "groups" and "periods." All elements are ordered by their atomic number. The atomic number is the number of protons per atom. In an atom with a neutral charge, the number of electrons equals the number of protons. The periodic table represents neutral atoms. The atomic number is typically located above the element symbol. Beneath the atomic number is the atomic mass number. Atomic mass is measured in Atomic Mass Units where 1amu = (1/12)mass of carbon measured in grams. The atomic mass number is equal to the number of protons plus neutrons. This number is typically found beneath the element symbol. Atoms with the same atomic number, but different mass numbers are called Isotopes. Below is a diagram of a typical cell on the periodic table. 
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I.  Protons
     Protons are positively charged subatomic particles that are found, along with neutrons, in the nucleus of the atom.  Protons, along with neutrons, make up most of the mass of the atom.  The mass of a single proton is about 1.67265 x 10-24 grams, or 1.0073 u (atomic mass units).   Although the positive charge of the proton is equal to the negative charge on the electron, one proton has as much mass as around 1840 electrons.  The elements on the periodic table are arranged in order of increasing number of protons (see atomic number below.)  A hydrogen atom has one proton and a helium atom has two.
II.  Atomic Number
     The number of protons in the nucleus of an atom is called its atomic number.  The atomic number, which is given the symbol Z, is what determines the identity of an element.  All atoms of the same element have the same number of protons and the same atomic number.  Atoms of different elements, by definition, will have a different number of protons and therefore, different atomic numbers.  Elements with the atomic numbers from 1 to 112 have been identified so far.   One of the numbers found in each elemental box on the periodic table will be the atomic number.  Unlike the mass number, the atomic number is always a whole number. 
III. Neutrons
     The neutron is a neutral particle that is found in the nucleus of most atoms.  Although the neutron has no charge, it does contribute to the mass of the atom.  Each neutron has a mass of about 1.67495 x 10-24 grams, or 1.0087 u.  The most common type of hydrogen, called protium, has no neutrons.  Deuterium, another form of hydrogen, has one proton and one neutron in the nucleus of each atom.  Tritium, the third form of hydrogen, has two neutrons and one proton in each nucleus. 
IV. Mass Number
     The vast majority of the mass of an atom is found in the nucleus.  The mass of a proton or a neutron is approximately 1 u (atomic mass unit).  It would take around 1840 electrons to equal the mass of one proton.  For this reason, the masses of the electrons are not considered when   calculating the mass number of an atom.  The mass number, which is given the symbol A in elemental notation, consists of the total number of protons and neutrons in the nucleus of the atom.  
V.  Isotopes
     Although all atoms of the same element have the same number of protons, they can have a different number of neutrons.  Atoms of the same element with different numbers of neutrons are called isotopes.  The three forms of hydrogen discussed in the above section on neutrons represent different isotopes of hydrogen.  Isotopes are often identified by mass number.  For example, carbon-12 would be carbon with a mass number of 12, while carbon-14 has a mass number of 14.  As in the case of carbon-14, some isotopes of certain elements are unstable, which means that they undergo radioactive decay.
VI.  Atomic Mass
     The atomic masses shown on the periodic table represent a weighted average based on the relative abundance of each isotope of a particular atom.  Although some books and some teachers still refer to atomic mass as "atomic weight", this is not considered correct.
One classification scheme for matter can follow the diagram below.
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Mixture 

Two or more substances, combined in varying proportions - each retaining its own specific properties. The components of a mixture can be separated by physical means, i.e. without the making and breaking of chemical bonds.
Examples: Air, table salt thoroughly dissolved in water, milk, wood, and concrete. 

Heterogeneous Mixture 

Mixture in which the properties and composition are not uniform throughout the sample.
Examples: Milk, wood, and concrete. 

Homogeneous Mixture 

Mixture in which the properties and composition are uniform throughout the sample. Such mixtures are termed solutions.
Examples: Air and table salt thoroughly dissolved in water. 



Pure Substance 

A substance with constant composition. Can be classified an either an element or as a compound.
Examples: Table salt (sodium chloride, NaCl), sugar (sucrose, C12H22O11), water (H2O), iron (Fe), copper (Cu), and oxygen (O2). 

Element 

A substance that cannot be separated into two or more substances by ordinary chemical (or physical) means. We use the term ordinary chemical means to exclude nuclear reactions. Elements are composed of only one kind of atom.
Examples: Iron (Fe), copper (Cu), and oxygen (O2). 

Compound 

A substance that contains two or more elements, in definite proportion by weight. The composition of a pure compound will be invariant, regardless of the method of preparation. Compounds are composed of more than one kind of atom. The term molecule is often used for the smallest unit of a compound that still retains all of the properties of the compound.
Examples: Table salt (sodium chloride, NaCl), sugar (sucrose, C12H22O11), and water (H2O). 

Elements
All matter is composed of atoms.  The number of electrons, protons and electrons, determine the properties of those atoms.  Matter is made up of elements.  Elements are atoms with specific properties.  The main property that defines each element are the number of electrons, proton and neutrons.  An example would be that of hydrogen and helium.  Both of these are elements.  They both have electrons, protons and neutrons but the numbers of each are different.  That difference alone allow for different chemical and physical properties.  An element is defined as matter that is made up of the same kind of atoms.  All sodium atoms have the same physical and chemical properties.  All nickel elements have the same chemical and physical properties, although those properties that define each of the preceding elements are exclusive to those elements alone.  There are 111 recognized elements and they are categorized according to their properties on the Periodic Table.  

Compounds
A compound is composed of two or more elements of different kinds that are combined.  The elements that make up a compound are always composed with the same elements in the same ratios every time.  Glucose is always composed of 6 carbon atoms, 12 hydrogen atoms and 6 oxygen atoms.  The properties of a compound are different than the elements from which it is made.

Mixtures
A mixture is a material composed of two or more substances that can be separated by physical means.  A mixture may not be made of the same composition of materials every time, for various reasons.  Of the many example that there are to choose from, one is concrete.  Concrete is made up of sand, Portland cement, an aggregate (rock), and water.  The ratios of these components differ for each type of application for the concrete.  One application may be for yard statuary.  This type of use would not need to be as strong as the concrete used for a highway so more sand and less Portland cement may be used.  If one would need the cement for a highway then more Portland cement and aggregate would be needed and less sand.  The point is that both types of applications still use concrete.  A mixture is considered heterogeneous, in that the materials that make up the mixture is not necessarily uniform throughout and they can be see with the naked eye, or by microscope.

Solutions
In a solution there are at least 2 different compounds mixed together.  A solution is homogenous, in that the compounds that make up the solution are evenly distributed and cannot be seen with the unaided eye or microscope.  

Colloids and Suspensions
A colloid is a heterogeneous mixture that never settles.  In a colloid, the particles are not large enough to see with the naked, unaided eye.  A way to determine if a substance is a solution or colloid is to shine a light through it.  If the light shinning through the material is no scattered, the material is a solution.  Where as if the light scatters, the material is a solution.  The light scatters in a colloid because even though the particles that make it up are not large enough to be seen, they are large enough to bend light as it passes through.

A suspension is like a mixture in that it is a heterogeneous.  In a suspension the particles are large enough so see but they settle.  Think of getting sample of pond water.  You would see al sorts of material and organisms floating in the water.  If left to sit still, the material would settle to the bottom but become mixed once energy was place back into the system like being shaken.
The Nuclear Symbol

The nuclear symbol consists of three parts: the symbol of the element, the atomic number of the element and the mass number of the specific isotope. 

Here is an example of a nuclear symbol: 
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The element symbol, Li, is that for lithium. 

The three, subscripted left, is the atomic number and the seven, superscripted left, is the mass number. 

Here's another: 
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The atomic number is: 

The number of protons in the nucleus of the atom. 

The mass number is: 

The number of protons and neutrons in the nucleus of the atom. 

Here is one last example: 
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The 22 is the atomic number for titanium and 48 is its mass number. The number of neutrons is 48 minus 22 = 26. 



Now, write the nuclear symbol for the chlorine isotope with 18 neutrons. 

Here are two tips: 

1) The element name (or symbol) uniquely determines the atomic number. In the example just above Ti is the only element with an atomic number of 22. So, if you need the atomic number, and all you know is the specific element, go to a periodic table and find its atomic number. 

2) Suppose you are asked to write a nuclear symbol from scratch and the teacher requires it be a realistic one. Do this: 

a) Select an element, making sure it is a naturally occuring one. This will determine its atomic number.
b) Take the element's atomic weight and round it off to the nearest whole number. More often than not, this will be the mass number of the most abundant stable isotope 

Let's try another example. Write the nuclear symbol for silver.

How to Calculate an Average Atomic Weight



To do these problems you need some information: the exact atomic weight for each naturally-occuring stable isotope and its percent abundance. These values can be looked up in a standard reference book such as the "Handbook of Chemistry and Physics." 

This problem can also be reversed. Study the tutorial below and then look at the problems done in the reverse direction. 

Example #1: Carbon 

	mass number 
	exact weight 
	percent abundance 

	12 
	12.000000 
	98.90 

	13 
	13.003355 
	1.10 


To calculate the average atomic weight, each exact atomic weight is multiplied by its percent abundance (expressed as a decimal). Then, add the results together and round off to an appropriate number of significant figures. 

This is the solution for carbon: 

(12.000000) (0.9890) + (13.003355) (0.0110) = 12.011 



Example #2: Nitrogen 

	mass number 
	exact weight 
	percent abundance 

	14 
	14.003074 
	99.63 

	15 
	15.000108 
	0.37 


This is the solution for nitrogen: 

(14.003074) (0.9963) + (15.000108) (0.0037) = 14.007 



	Example #3: Chlorine 
	  
	Example #4: Silicon 

	mass number 
	exact weight 
	percent abundance 
	  
	mass number 
	exact weight 
	percent abundance 

	35 
	34.968852 
	75.77 
	  
	28 
	27.976927 
	92.23 

	37 
	36.965903 
	24.23 
	  
	29 
	28.976495 
	4.67 

	  
	  
	  
	  
	30 
	29.973770 
	3.10 

	The answer for chlorine: 35.453 
	  
	The answer for silicon: 28.086 


This type of calculation can be done in reverse, where the isotopic abundances can be calculated knowing the average atomic weight. 



Practice Problems

Calculate the average atomic weight for:

1) magnesium 

	mass number 
	exact weight 
	percent abundance 

	24 
	23.985042 
	78.99 

	25 
	24.985837 
	10.00 

	26 
	25.982593 
	11.01 


2) molybdenum 

	mass number 
	exact weight 
	percent abundance 

	92 
	91.906808 
	14.84 

	94 
	93.905085 
	9.25 

	95 
	94.905840 
	15.92 

	96 
	95.904678 
	16.68 

	97 
	96.906020 
	9.55 

	98 
	97.905406 
	24.13 

	100 
	99.907477 
	9.63 


3) tin 

	mass number 
	exact weight 
	percent abundance 

	112 
	111.904826 
	0.97 

	114 
	113.902784 
	0.65 

	115 
	114.903348 
	0.36 

	116 
	115.901747 
	14.53 

	117 
	116.902956 
	7.68 

	118 
	117.901609 
	24.22 

	119 
	118.903310 
	8.58 

	120 
	119.902200 
	32.59 

	122 
	121.903440 
	4.63 

	124 
	123.905274 
	5.79 


A Classification Scheme for Matter 

I would like to lead into discussing elements and compounds by first considering a general classification scheme for all matter. 

The word "matter" describes everything that has physical existence. 

Question #1: We can successively separate matter into categories by asking a sequence of "yes/no" questions. All matter can be separated into two categories by first asking the question "Is only one chemical substance present in the sample being considered?" 

	YES - 
	Pure Substance 

	NO - 
	Mixture 


Question #2: All pure substances can be separated into two categories by asking the question "Can the sample be further decomposed by chemical means?" (Notice we are ignoring mixtures for the moment.) 

	YES - 
	Compound 

	NO - 
	Element 


The classification is developed in more detail in Section 2.5: Mixtures and Pure Substances. The portion above is repeated with two additional questions concerning mixtures. 

I. Elements 

An element is a pure substance which cannot be broken down by further chemical techniques. These include heating, cooling, electrolysis and reacting with other chemicals. (By the way, it is correct that an atom can be destroyed, but NOT by chemical means. You must use a more powerful reaction, called a nuclear reaction, to destroy or change atoms. That is a topic for another lesson.) 

A sample of an element contains only one kind of atom in the sample. Suppose you had a lump of copper in your hand. The ONLY type of atom in the lump is copper. In the lump there are trillions and trillions and trillions of copper atoms. NOTHING else. (I am ignoring impurities such as a tiny piece of rock occluded within the lump, grease from your skin sticking to the surface of the lump or oxygen atoms from the atmosphere absorbed onto the surface of the copper.) 

If you were to heat the lump of copper, it would melt and eventually vaporize. The smallest unit of the copper, called the atom, would remain unaffected by this. The atoms of copper would be in the solid state, the liquid state or the gaseous state, but they would be EXACTLY the same in each state. 

The atom is the smallest subdivision of an element which still retains the properties of that element. In fact, a very good definition of an atom is: 

the smallest part of an element that can enter into a chemical combination 

There are around 118 elements known to man, of which 20-30 are really, really important. Almost every element that exists has some form of use. There are some which are so unstable they only last for seconds or even tiny fractions of a second and no use has yet been found for them. However, ya never know! 

Elements have names and symbols. For example hydrogen has the symbol H and iron has the symbol Fe. Please note that Fe is one symbol, not two. Also, make sure to use lower case for the second letter. Writing BR for bromine is incorrect, writing it as Br is correct. 

II. Compounds 

A compound is a pure substance composed of two or more different atoms chemically bonded to one another. A compound can be destroyed by chemical means. It might be broken down into simpler compounds, into its elements or a combination of the two. The key distinction is that compounds break down whereas the SAME techniques do not cause an element to break down. 

The molecule is smallest subdivision of a compound that still retains the properties of that compound. The parallel definition (to the element one above) for the molecule is: 

the smallest part of a compound that can enter into a chemical combination 

Another definition, equally good, is that a molecule is the smallest stable part of a compound. 

Water is a typical example of a compound. One molecule of water is composed of two hydrogen atoms and one oxygen atom, chemically bonded together. It is identified with its formula: H2O. 

If you were to heat water (let's start with ice), it would eventually melt, then vaporize. Each water molecule (each H2O) would act as an independent unit and zoom around in the gas sample. The three atoms making the water molecule would stay attached to each other. In addition, water would enter into a chemical reaction acting like a water molecule, NOT little separate atoms of hydrogen and oxygen. 

An important point to remember is that the compound is going to have distinctly different properties that its elements. Hydrogen has a set of properties, as does oxygen. However, the set of properties that water has in no way like the two elements. For example, at room temperature (about 20-25 °C) water is a liquid while hydrogen and oxygen are gases. 

Compounds have names and formulas. The formula is made from the symbols of the elements in the molecule and how many of each element there are. For example, glucose's formula is C6H12O6. 

There are something over 12 million known chemical compounds. Well over 75% of them are mentioned in only one scientific article. Of the remaining bunch, there are several thousand of great interest and usefulness to science. 

III. An Important Point about Elements and Molecules 

At room temperature and room pressure, almost all elements are considered to exist as single atoms. However, there are some which exist as molecules. 

(1) There are seven diatomic molecules: H2, N2, O2, F2, Cl2, Br2, I2
(2) P4 and S8 also exist. 

At elevated temperatures, these molecules will break down into single atoms, but in the above state listed, they are considered to be elements. The atoms are chemically bonded to each other, so they are considered to be molecules, but they are not considered to be compounds. They are elements. 

If I am discussing the element oxygen, I mean O2. If I am discussing the element sulfur, I mean S8. If I wished to discuss oxygen atoms or sulfur atoms, I would have to say it explicitly or the context would clearly have to demand that individual atoms of the element are being discussed. 
A Classification Scheme for Matter 

The word "matter" describes everything that has physical existence. 

We can successively separate matter into categories by asking a sequence of "yes/no" questions. The classification scheme that follows is only one possible sequence. There are other ways to ask questions and in different orders. For example, a possible first question might be "Is it uniform throughout?" in which case, the initial division is into heterogeneous and homogeneous categories. 

I. Matter 

Question #1: All matter can be separated into two categories by asking the question "Is only one chemical substance present in the sample being considered?" 

	YES - 
	Pure Substance 

	NO - 
	Mixture 


A mixture is one in which two or more pure substances retain their chemical identity. For example, if you dissolve some sugar into water, the sugar molecules and water molecules remain as sugar and water, it is just that the two are now dispersed in each other. Another definition of mixture: a dispersion of two or more pure substances that can be separated using physical means only. 

All mixtures have two parts, the "dispersing medium" and the "dispersed phase." Generally speaking, the dispersed phase is in the smaller amount and is spread throughout the dispersing medium. In most cases, the dispersed phase is quite small in amount compared to the amount of the dispersing medium. Only sometimes, in our studies in this class, will the two amounts become near to equal. 

IIa. Pure Substances 

Question #2: All pure substances can be separated into two categories by asking the question "Can the sample be further decomposed by chemical means?" 

	YES - 
	Compound 

	NO - 
	Element 


The definitions of element and compound, as well as examples, are found in Section 2.2: Elements and Compounds. 

First Historical Note: our concept of an element is due to Robert Boyle (1627-1691). His definition was experimentally-based: an element could not be broken down into simpler substances. This meant that all element identifications were tenative, since better techniques meant that a compound, mistakenly thought to be an element, might be shown to be an element. 

Misindentifications of compounds as elements continued to be problems through the 1800's. Not only problems associated with methods, but with getting everybody to agree to use the same definitions. In our era, these problems have been resolved. 

One story: hydrogen is the lightest element known. Up until 1913, it was a possibility that there could be lighter elements and there was even an occasional announcement of such a discovery. However, in 1913, work done by Henry Moseley (which you will learn about later) forever shut the door to the possibilty of elements lighter than hydrogen. 

Second Historical Note: another important idea at that time was the immutability of atoms. An atom of copper has always been copper and always will be copper. Nothing can change it. This idea has been shown to be wrong by the modern discoveries of radioactivity, fission and fusion. These topics overlap between physics and chemistry and will be studied later in the school year. 

IIb. Mixtures 

Question #3: All mixtures can be separated into two categories based on the question "Is the sample of constant composition?" 

	YES - 
	Homogeneous mixture 

	NO - 
	Heterogeneous mixture 


Constant composition means that all parts of the mixture are the same. For example, dissolve sugar in water and mix it completely. Now take several samples from random areas. They will be the same, therefore this is a homogeneous mixture. Take some sand and some water and mix it up well. Take some samples and MAYBE they are the same. Allow the water to stand undisturbed and then sample it. One portion will be more sand than water and another will be more water than sand. This is heterogeneous. 

Generally speaking, heterogeneous mixtures can be separated by allowing them to stand undisturbed, letting the "formed portion" (the solids) to settle out. However, filtering or centrifuging may be required. For example, not all the solid components of blood will settle out simply by standing. The blood sample must be placed in a centrifuge and spun at several times the force of gravity. The ribosomes in a cell can be separated from the cell in an ultracentrifuge, a device which can produce 50,000 to 100,000 times the force of gravity. 

The technical name for a heterogeneous mixture is a suspension. The solid pieces which are dispersed in the suspension are sometimes able to be seen with the naked eye and can definitly be seen under a light microscope. (Homogeneous mixtures will be divided into two types -- solution and colloid. In both cases the dispersed phase cannot be seen under a microscope.) 

In chemistry, homogeneous mixtures are more often found, so we will pretty much end our heterogeneous mixture discussion at this point. 

III. Homogeneous Mixtures 

Homogeneous mixtures do not settle out upon standing undisturbed and they cannot be separated by filtering or centrifuging. There are two broad categories of homogeneous mixtures. 

Question #4: All homogeneous mixtures can be separated into two categories based on the question "Are the constituents of the sample at a molecular or ionic level?" 
	YES - 
	Solution 

	NO - 
	Colloid 


Solutions: these are, by far, the most important homogeneous mixture in chemistry. Only in more advanced classes will you start to study the characteristics of colloids. 

Solutions are made up of a solute and a solvent. The solvent (usually liquid water) is the dispersing medium (component present in greater amount) and the solute (usually, but not always, a solid) is the dispersed phase (component present in the lesser amount). In solutions, the solute is present either as individual ions or individual molecules. There is no "clumping" into pieces made of many ions or molecules. 

The word homogeneous is important: the solue is dispersed in an equal manner throughout the solvent. If you sampled two equal-sized regions of the solution, they would contain identical amounts of solute. 

