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MODELS: working representation of experimental facts; not correct in all points. They help:


1. organize data


2. visualize the concept


3. make accurate predictions

DEMOCRITUS (dih MAHK rih tuhs) c-460 to c-370 BC, Greek: 1st to say matter is discontinuous; made of separate & discrete particles he called atoms
LAW OF DEFINITE COMPOSITION: every compound has a definite composition by weight

JOHN DALTON (1766-1844) English: 1st atomic model based on evidence in 1808. His major points included: 


1. different combinations of atoms form compounds.
2. atoms of different elements have different masses

WILHELM ROENTGEN (RENT gen) (1845-1923) German: 1895 discovered x-rays w/ Crookes tubes; led to study of radiation; 1st Noble prize in Physics 1901; roentgen is a unit of ionizing radiation, R

HENRI BECQUEREL (1896) French: uranium salts, pitchblende, exposed film w/out light; coined ‘radiation’; 1903 Nobel Physics
J J THOMSON (1856-1940) English: using HV battery for electricity, he experimented on cathode rays (1898-1903)


1. The rays were deflected by a magnet so they must be particles


2. They deflected towards a + charged plate so they must be negatively charged


3. They had a large charge to mass ratio (1.76 x 108 Coulombs/gram) & that every atom had the same particle


4. These cathode rays were named electrons

THOMSON’S PLUM-PUDDING MODEL: accounted for these electrons. The electrons like plums were scattered in a positive matrix like pudding; Nobel Physics-1906

ELECTRONS: have a charge of -1 or -1.602 x 10-19 Coulomb and a mass of 9.11 X 10-31 kg
ROBERT MILLIKAN (1868-1953): 1909 - magnitude of electron charge involving charged oil drops & calculated electron mass 
ERNEST RUTHERFORD (1871-1937) New Zealand: gold foil experiment in 1911 with alpha particles discovered protons; Nobel Chem-1908; coined terms alpha & beta particles, half-life, & proton


1. that the nucleus was very small



2. all matter is mostly empty space

ALPHA PARTICLES: helium nucleus

1. consist of 2 protons & 2 neutrons


2. have a charge of +2 and a mass of 4 amu’s


3. emitted by radioactive elements

Thomson’s model could not explain why some of the alpha particle were reflected or repelled. This led to Rutherford's model of a small central nucleus and electrons somewhere around the outside

NUCLEUS: 1/100,000th the size of the atom; contains protons and neutrons; extremely dense-a piece of nuclear material the size of a pea would have a mass of 250,000,000 tons

PROTON: +1 charge; mass of 1.67 x10-27 kg or 1 amu

JAMES CHADWICK (1891-1972) British: 1932 discovered neutron & mass, 1.68 x 10-27 kg; no charge; 1935 Nobel Physics 

SPECTROSCOPY: study of how atoms absorb and emit light

CONTINUOUS SPECTRUM: light separating into all the colors of the rainbow after passing through a prism: sun, lightbulbs 

LINE SPECTRUM: set of dark or bright lines produced by an element when in the gaseous atomic state

NEILS BOHR (1885-1962) Danish:  In 1913 proposed quantum model for hydrogen atom; Nobel Physics-1922


1. interpreted the lines in line spectrums to be energy levels that electrons travel in


2. the frequency of each color correspond to a specific amount of energy

BOHR’S model of the atom looks like a small solar system. The energy levels are called principal energy levels

QUANTUM MODEL: math model based on probability and incorporates the wave theory of the electron

HEISENBERG UNCERTAINTY PRINCIPLE: impossible to know both energy (velocity) & exact position of an electron at the same time
ORBITALS: the general areas where electrons probably exist. Each orbital can hold up to 2 electrons
DUAL NATURE: Electrons can behave like a particle and a wave
SUBLEVELS: orbitals can be grouped together in different sublevels reflecting different energy levels


s sublevel has 
1 orbital 
(up to 2 electrons)   
spherical shape


p sublevel has 
3 orbitals 
(up to 6 electrons)   
3 intersecting barbells shape


d sublevel has 
5 orbitals 
(up to 10 electrons)   
complicated shape


f sublevel has 
7 orbitals 
(up to 14 electrons)     
complicated shape

PRINCIPAL ENERGY LEVELS: divided into sublevels; relates to the period for Main Group A elements in the periodic table
 
 1st principal energy level (K) has only an 
s sublevel 

(up to 2 electrons)

 
 2nd principal energy level (L) has 

s & p sublevels 

(up to 8 electrons)

 
 3rd principal energy level (M) has 

s, p, & d sublevels 
(up to 18 electrons)

 
 4th principal energy level (N) has

s, p, d, & f sublevels 
(up to 32 electrons)

Learn mnemonic device for the filling order of electrons on pg 58 or use the periodic table

AUFBAU PRINCIPLE: arrangement of electrons in an atom may be determined by adding 1 electron to the next smaller atom

Know how to do electron configuration and orbital notation of the elements

HUND’S RULE: when electrons fill a sublevel (p, d or f), all orbitals receive 1 electron before any receive 2

QUANTUM #’S (QN): set of 4 #’s; describe locations and energies of electrons


1ST QN (n):    PRINCIPAL ENERGY LEVEL or SHELL: can be 1 thru 7


2ND QN (l):     SUBLEVEL,  SUBSHELL or ANGULAR MOMENTUM #  can be 0 thru 3
s = 0
p = 1
d = 2
f = 3


3RD QN (ml):  ORBITAL  or magnetic quantum number: can be -3 thru +3  (see chart on pg 60)


4TH QN (ms):  SPIN NUMBER: can be +1/2 or -1/2 and identifies which electron in each orbital

The QN of the electron in hydrogen would be {1, 0, 0, +1/2}; The most energetic electron in Cl would have QN = {3, 1, 0, -1/2}

PAULI EXCLUSION PRINCIPLE: all electrons in an atom have a different set of quantum numbers

ATOMIC MASS UNITS (amu): defined as 1/12th the mass of a carbon-12 atom


1. 1.66x10-27 kg


2. It is about the same mass as a proton (1.67 X 10-27kg)


3. approximately the mass of a hydrogen atom

ATOMIC MASS NUMBER: the sum of the # of protons and neutrons in an atom; always a whole number

ISOTOPES: atoms with the same # of protons but a different # of neutrons; C-12 & C-14; U-234,U-235 & U-238

ISOTOPIC NOTATION: 
1. gives the symbol





2. atomic mass # to the top left of the symbol





3. atomic # to the bottom left of the symbol

ATOMIC MASS: weighted average of the isotopes; 90% Li-7 & 10% Li-6 = 6.9

VALENCE ELECTRONS: electrons in the outermost energy level
1. hop between energy levels when excited










2. participate in chemical bonds










3. give elements their physical properties

ELECTRON-DOT STRUCTURES: shorthand way of representing only the valence electrons

IONS: atoms with a charge; either have gained or lost an electron

CATION: a + ion; it has lost 1 or more electrons; Na 1+; Mg2+; Al3+
ANION: a - ion; it has gained 1 or more electrons; N3-; O2-; F1-
