Ch. 4 Atomic Structure
4.1 Defining the Atom

· Atom – the smallest particle of an element with all the properties of that element

· Democritus (Greece 460-370 BC) – atoms are individual and indestructible – based on philosophy not experimentation

· John Dalton (England 1766-1844) used experimental methods to change Democritus’ idea of atoms into scientific theory

· Dalton studied the ratios in which elements combined and developed hypotheses and theories to explain his observations.
Dalton’s Atomic Theory

· 1. All elements are composed of tiny,  

·     indivisible particles called atoms.

· 2. Atoms of the same element are 

·     identical.  The atoms of any one 

·     element are different from the atoms of 

·     any other element.

· 3. Atoms of different elements can

·    chemically combine in simple whole-

·     number ratios to form compounds.

· 4. Chemical reactions occur when atoms 

·     are separated, joined, or rearranged.

· Atoms of one element are never changed into atoms of another element in a chemical reaction.

· Today, individual atoms can be observed with a scanning tunneling microscope.

· This may lead to the invention of atomic-sized electronic devices.
4.2 The Structure of the Nuclear Atom

· Modern atomic theory knows atoms are divisible (a change from Dalton’s theory).

· There are three subatomic particles:

· electrons (e-), protons (p+),and neutrons (n0).
· J.J. Thomson (England 1856-1940) discovered the electron using a cathode ray tube filled with gas.

Cathode Ray Tube

· A tube filled with gas connected to an electric current.  Negatively-charged particles travel from the negative end (cathode) to the positive end (anode).

· The rays are deflected towards a positive plate (therefore the electron is negative).

· The negative charge-to-mass ratio was the same for all gases and metals, therefore electrons are part of all elements.

· Robert A. Millikan (USA 1868-1953) calculated the charge of an electron as one unit of negative charge and its mass as 1/1840th of the mass of a hydrogen atom.

· 1886 Eugen Goldstein found rays moving opposite to cathode rays – these are positively-charged protons, 1840 times larger than electrons.

· 1932 James Chadwick (England 1891-1974) confirmed the existence of neutrons – no charge, mass equal to the mass of a proton.
The Atomic Nucleus

· Early scientists thought protons and electrons were evenly distributed throughout the atom (J.J. Thomson’s Plum Pudding Model)
· Ernest Rutherford (England 1871-1937) in 1911 aimed a beam of alpha particles       
·       (2 p+) at gold foil surrounded by a fluorescent screen.

· Some alpha particles were deflected, indicating a large positive region in the atom.   

Rutherford concluded all the positive charge and most of the mass was in this area he called the nucleus.  This model is called the nuclear atom. 

Protons and neutrons are located in the nucleus;

Electrons are located around the nucleus and occupy most of the volume of an atom. 
4.3 Distinguishing Among Atoms
· Atomic Number – Elements are different because they contain different numbers of protons.  The atomic number is the number of protons in the atom’s nucleus.
· Mass Number (Atomic Mass) – most mass is concentrated in the nucleus.  The mass equals the number of protons plus the number of neutrons.

· Atomic Mass =  p+  +  n0
Isotopes

· Isotopes are atoms of the same element (same number of protons) with different numbers of neutrons, therefore different atomic masses.

· Mass is measured in atomic mass units (amu) defined as 1/12 the mass of a carbon-12 atom.

· Atomic mass of an element is a weighted average of the naturally occurring isotopes of an element.
Calculating Atomic Masses
· Multiply the mass of each isotope by its natural abundance, expressed as a decimal, and add the products.

· Cu occurs as mass 62.93 amu (69.2%) and mass 64.93 amu (30.8%).

· (62.93)(.692) + (64.93)(.308) = 63.6 amu
The Periodic Table

· The Periodic Table arranges the elements into groups based on repeating properties.

· Horizontal rows are called periods. Properties vary going across a period.

· Vertical columns are called groups.  Properties are similar up and down a group.
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