HONORS CHEMISTRY

          Mr. Rivas

STRUCTURE OF THE ATOM 
There are two types of particles that make up all the known matter in the universe. The nature of 90% of the matter in the universe is still unknown (dark matter).

The two types of known particles are:

· Fundamental particles 

· Compound particles

We have identified approximately 200 different particles most of them are compound particles. 

The fundamental particles are:

1. 6 quarks (they come in pairs)

a. the up and down quark

b. the charm and strange quark

c. the top and bottom quark (top quark =1995)

2. 6 leptons
a. Charged leptons

i. Electron

ii. Muon

iii. Tau

b. Neutral leptons

i. Electron neutrino

ii. Muon neutrino

iii. Tau neutrino

3. 6 force carrier particles (allow interaction among particles)

a. graviton (gravitational force)

b. photon (electromagnetic force)

c. W+, W–, Z0 (weak force, cause of nuclear decay) 

d. gluon (strong force: holds the protons in the nucleus)

In addition for every matter particle, there is a corresponding anti-matter particle. Example for every quark there is an anti matter quark (anti quark), etc.

When matter and antimatter come together they produce pure energy through annihilation. 


The compound particles are combinations of quarks. Hadrons are compound particles made up of quarks. Hadrons made of three quarks are called baryons. Protons and neutrons are baryons. Other hadrons are the mesons made of a quark and an antiquark.

[image: image4.wmf]HADRONS

BARYONS

(qqq)

made of 3 

quarks

MESONS

(u,anti-d)

made of a quark 

and an 

antiquark

Proton

(uud)

Neutron

(udd)

Pion (u,anti-d) 

antipion (anti-

u,d)

Mesons are 

very 

Unstable


The leptons are solitary particles. They remain on their own. Example the electron.

Most known matter is made of protons, neutrons, electrons, and electron neutrinos.
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The atom is the basic building block of matter. Atoms of the same element are very similar but atoms of different elements are different. 

Atoms are made of:

1. Protons: 
Charge = 1+

Located in the nucleus

                 
Z = number of protons




p+ = proton   

2. Neutrons: 
Charge = 0

Located in the nucleus

N = number of neutrons

n0 = neutron

3. Electrons:
Charge = – 1 

Usually located around the nucleus

They are very small compared to the p+
e– = electron 

The mass of the proton (1.66x10–27 kg) is approximately 1837 times the mass of the electron (9.1x10–31 kg). This facts tells us that 99.97% of the mass of a typical atom is in the nucleus. The mass of the e– is negligible compared to the mass of a typical atom.

The neutron is slightly more massive than the proton. 

Atoms do not have an electric charge because they have the same number of protons and electrons.

History of the atom

Democritus, a Greek philosopher proposed that matter was made of very small particles that were indivisible. He called those particles atoms (indivisible). He came to this conclusion by pure reasoning and in absence of any experimental data. The continuous theory of matter defended by Aristotle a Greek philosopher of much higher stature prevailed for 18 centuries.

By the middle of the XIX century, the concept of the atom was revived that this time due to experimental evidence.

The Law of Conservation of Mass

In the late XVIII century, Antoine Lavoisier proved the law of conservation of mass: Matter can not be created or destroyed. This means that if in a chemical reaction A and B substances combined to form C and D, the mass of C + D must be the same as the mass of A + B. Example if the mass of the reactants (A and B ) is 18 g, the mass of the products will also be 18 g.

A    +    B             (              C    +    D


                          18 g                                          18 g

The Law of Definite Proportions (or Definite Composition)

Another French chemist, Joseph Proust, showed that the proportion of the elements by the mass in a given compound is always the same.

Example the proportion of Hydrogen and Oxygen in water is always:
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The Law of Multiple Proportions

John Dalton proposed this law in 1803 based on his experiments: When two elements combine to form more than one compound, the masses of one element that combine with a fixed mass of the other element form simple whole-number ratios.

Hydrogen and oxygen combine to form two compounds: water and hydrogen peroxide.

The proportion of Hydrogen and Oxygen in hydrogen peroxide is always:
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This means that in water 16.000 g of oxygen combine with 2.016 g of hydrogen whereas 32.000 g of oxygen combine with the same mass of hydrogen in hydrogen peroxide.

The ratio of oxygen in the two compounds is 16.000 / 32.000 or 1/2.

Dalton’s Atomic Theory

John Dalton realized that the laws of conservation of mass, definite proportions, and multiple proportions could be explained by the concept of the atom. He proposed his theory of matter that included the following postulates:

1. Each element is made of hard round atoms.

2. Atoms of each element are identical but atoms of different elements are different.

3. Atoms are indivisible and indestructible.

4. Compounds have the same relative number of atoms of each type joined in a definite whole-number ratio.
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