4.1 STUDYING ATOMS

Democritus believed that all matter was composed of tiny indivisible particles and he called them atoms from the Greek word atomos, which means uncut or indivisible.

Aristotle stated that all substances were built up from only four elements earth, air, fire, and water.  Aristotle thought that there was no limit to how small matter could be divided.

In the 1800’s, an atomic model emerged.  John Dalton experimented with gases and concluded that gases were composed of particles.  He also discovered that compounds had fixed proportions.  Dalton proposed an atomic theory in four main points to explain the fixed composition of compounds.  They are:

· All elements are composed of atoms.

· All atoms of the same element have the same mass, and the atoms of different elements have different masses

· Compounds contain atoms of more than one element.

· In a particular compound, atoms of different elements always combine in the same way.

Over time, scientists found that not all of the Daltons main points were correct so the theory became revised.

THOMSON’S MODEL OF THE ATOM

When objects become magnetized they will attract opposite charges and repel same charges.  J.J. Thomson used this fact to discover more about atoms.

Thomson used a sealed tube like what is pictured on page 103 to create a stream of particles.  This stream of particles would bend toward a positive charge.  This proved that this stream had a charge and that it was negative.  He had the same results no matter what type of material was used for the metal disks.  He concluded that the stream was made-up of something that was coming from atoms.  This disproved Dalton’s theory that atoms were solid balls and actually atoms are made up small particles.  He inferred that the stream was negative.  Because elements are neutral, there must be positive charges also present.  So, Thomson created a model of the atom that is the plum pudding model.  You may think of it as a chocolate chip cookie.  The atom had electrons and positive charges scattered throughout the atom with no nucleus or neutrons.

In 1899, Ernest Rutherford discovered alpha particles.  These are fast moving, positively charged particles that are emitted from uranium.  In 1909 Rutherford asked his student, Earnest Marsden to find out what happens when the particles passed through a gold foil.  Rutherford expected the particles to pass straight though the gold foil instead one out of every 20,000 deflected back as though it were repeled.  The result is that the Thomson model that showed the positive charges evenly distributed through the atom was incorrect and instead the positive charges were concentrated in the center of the atoms.  He named this center a nucleus.  Thomson's model of the atom was changed to Rutherford’s model in which all of the positive charges were concentrated in the center and it was called the nucleus.

Nanotechnology is named for a unit of measurement the nanometer.  The diameter of a human hair is about 80,000nm.  There are two methods to building;  top-down and build up.  The build up method uses excess materials and then some is taken away to build the object.  An example is shaping your nails.  Silicon gears are among the smallest objects every made from the top down.

The build-up method you start with exactly what is needed and then assemble it.  An example is when you buy a product that states, “some assembly required.”  The future of nanotechnology includes medical diagnostics tools and atomic-level electronic devices.  Page 107 has an illustration of a nanorobot performing surgery in a blood vessel.

4.2 THE STRUCTURE OF AN ATOM

In 1920, Rutherford predicted the existence of a third particle – the neutron.  The subatomic particles of the atom are protons, neutrons, and electrons.

Protons are a positive charged particle in the nucleus of an atom.  Each atom has at least one proton.  Each proton has a charge of +1 and an atomic mass of 1.  Rutherford discovered that each element has a varying number of protons and that they were at the center (in the nucleus) of atoms.

Electrons were detected by J.J. Thomson who gave them their name after the Greek word meaning amber.  An electron is a negatively charged subatomic particle that is located outside of the nucleus and has such a small mass that its mass is considered to be 0.  Each electron has a –1 charger.

Neutrons were proved to exist in 1932 by James Chadwick.  Neutrons have no charge (are neutral) and have a mass almost equal to that of a proton.  So neutrons have an atomic mass of 1.  Neutrons are located in the nucleus with the protons.

Scientists still cannot see the inside of an atom.  The microscope that comes closest to doing this is the scanning tunneling microscope.  The Scanning Tunneling Microscope has a probe that sends a current to the material being probed and measures the electrons that jump.  A computer assembles the information and creates an image.

ATOMIC NUMBER AND MASS NUMBER

Atomic Number equals to the number of protons in an atom of an element.  Each different element will have a different number of protons from each other.  Each atom of a particular element will have the same number of protons as other atoms of the same element.  This proves Dalton’s prediction that atoms of any element are different from the atoms of all other elements.

Atoms of different elements have different numbers of protons.  Each positive charge in an atom is balanced by a negative charge because atoms are neutral.  So the number of protons and electrons in an atom are equal.

Mass Number tells you the number of protons and neutrons present in an atom.  The mass number is used to determine the number of neutrons in an element.  The number of neutrons can be found by subtracting the Atomic Number from the Mass number.  The difference is the number of neutrons.

Number of Neutrons = Mass number – Atomic number
All atoms of the same element have the same number of protons.  But, they do not have the same number of neutrons.  When atoms of the same element have a different number of neutrons and different mass numbers, they are isotopes.  Isotopes have the same atomic number but different atomic masses.  There are no chemical or physical differences among isotopes.  

4.3 MODERN ATOMIC THEORY

Niels Bohr worked for Rutherford and agreed with Rutherford’s idea that electrons were outside of the nucleus.  But Rutherford had no particular arrangement of the electrons.  Bohr’s model of the atoms showed electrons in fixed orbit that circled the nucleus.  He also introduced the idea of fixed energy levels.  As electrons gained energy, they move to a higher energy level and return to the original level when the energy was lost.  When they return to their original level, they emit energy of which some of it is light.  Every atom has a unique spectrum of light that is emitted when these electrons return and the light emitted can be used to identify elements.

Bohr’s model was modified by further discoveries.  His idea of energy levels still holds today but now electrons are believed to not stay in defined baths but are instead in clouds that surround the nucleus.  Electrons clouds are used to identify the location where it is most likely to find an electron.  Electrons are likely to be found in the denser portion of the electron cloud called an orbital.  The electron clouds are a good representation of an orbital. 

The arrangement of electrons around the nucleus is the electron configuration.  The most stable electron configuration is the one in which the electrons are in orbitals with lowest possible energy.  The lowest energy level is said to be the ground state.  When energy is added to an atom, the electrons move to a higher energy level.  This is the excited state.  When the electrons return to the ground state, it emits energy.  Many times this energy is in the form of light
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