NOTES – ATOMIC STRUCTURE


ATOM - the smallest particle of matter which will exhibit the properties of that element.  
When broken down smaller than an atom, the parts (protons, electrons, and 
neutrons) of different elements look exactly the same.  You cannot tell a proton in 
a gold atom from a proton in oxygen gas.

Atoms are very small—typically about 1 X 10-8 cm in diameter.  1.0 gram of lead 
contains 2.9 X 1021 atoms of lead.  By comparison, the earth’s entire population 
is only 5 X 109 people.

(1)  DEMOCRITUS, an ancient Greek and student of Aristotle, first suggested the 
existence of the atom about 400 BC.   He hypothesized that matter could be 
subdivided again and again until it would finally reach a particle which could not 
be divided.  This smallest “indivisible” particle he called “atomos”.

(2)  ARISTOTLE rejected this theory and banished Democritus from the country for his 
radical beliefs.  Aristotle hypothesized that matter was “continuous” in nature.  
That is, matter could be subdivided again and again an infinite number of times, 
and you would never reach a basic particle which could not be divided.  It was 
not until the late 1700’s that anyone dared to question Aristotle’s wisdom.  
Aristotle may have been a great philosopher, but he was not a scientist

 (3)  ROBERT BOYLE AND ISAAC NEWTON  were the first men to question the validity of Aristotle’s hypothesis.

 (4)  JOHN DALTON was an Englishman who was the first to develop and publish a 
theory about how atoms looked and behaved.  He conceived of the atom as a 
solid sphere, much like a billiard ball. 

The following are statements of John Dalton’s ATOMIC THEORY with “•” beside the parts which are known NOT to be true today.

·  (1)  all elements are composed of very small particles called atoms which are indivisible.  Today we know that atoms can be divided into protons, electrons, neutrons and almost 200 other subatomic particles

·  (2)  all atoms of the same element are identical.  We know that this is not true today due to the presence of isotopes.  Isotopes are atoms with the same number of protons (same element) but different numbers of neutrons (different masses).  For example, “regular” carbon has 6 protons and 6 neutrons, but carbon-14 (radioactive carbon used in carbon “dating”) has six protons and 8 neutrons.

 (3)  atoms of different elements are different

 (4)  atoms of different elements can combine with each other only in simple 
whole number ratios to form compounds

Chemical reactions occur when atoms are separated, joined or rearranged.  However, atoms of one element ARE NOT changed into atoms of another element by a chemical reaction. (only by nuclear reactions)
About 100 years ago, 2 of the 3 main subatomic particles were discovered.

 (5)  J. J. THOMSON discovered both electrons and protons by means of his CATHODE RAY EXPERIMENT


Electrons are negatively charged particles, abbreviated e-; very lightweight—their 
mass is considered negligible when describing the “mass” of an atom” because 
they actually weigh about 1/ 1837 the mass of a proton or a neutron.

CATHODE TUBE RAY EXPERIMENT.  (Draw it and describe it)

Know WHO, HOW and WHAT was discovered.

Electrodes are small pieces of metal through which electrical current is input.

In this case, the electrodes are embedded in the ends of a sealed glass tube and electricity is input through the cathode.  The (-) negative electrode is called the cathode; (+) positive electrode is called the anode

Before their true nature was known or understood, electrons were called “cathode rays.”  
Now we know that they are small negatively-charged particles which move at a 
very high speed.  A stream of electrons is called electricity.

Thomson conceived of the atom as a plum pudding model—the protons and electrons 
were mixed together like a fruit salad (or plum pudding).  The larger pieces of 
“plum” were the protons swimming in a pudding of electrons.
 (6)  ERNEST RUTHERFORD worked for Thomson in his lab for a while.  He performed 
the GOLD FOIL EXPERIMENT which proved that the atom was mostly space 
and that all of the positive charge was located in a very small central nucleus.
GOLD FOIL EXPERIMENT  (draw it and describe it)

(7)  ROBERT MILLIKAN – the only American who added to the concept of the atom by 
determining the exact amount of electrical charge on an electron.  He did this by 
means of the Oil Drop Experiment.

OIL DROP EXPERIMENT (draw it and know what happened and why)

(8)  ANTOINNE LAVOISIER – a French chemist who is known as the “Father of 
Chemistry” because he was the first to actually do experiments.  In one 
experiment he actually weighed the reactants (total) and then collected and 
weighed the products (total) and found that the mass did not change as the 
reaction proceeded.  Lavoisier is thus responsible for the Law of Conservation of 
Mass.

(9)  HENRY MOSELEY – a very young brilliant scientist who discovered the atomic 
number of all elements known at that time by using X-rays.  His name is not a 
household word because he was killed at a very young age in World War I.  
Because of him, Great Britain does not require military service for scientists.

(10)  NIELS BOHR – a Danish scientist who originally worked for Thomson and 
Rutherford and was the first to suggest the “planetary model” of the atom in 
which the electrons orbited the nucleus much as the planets orbit the sun.  
Rutherford’s experiment (Gold Foil) indicated that all of the protons were located 
in a nucleus but did not speculate as to where the electrons were located.
(11) JAMES CHADWICK – a British chemist who discovered the neutron in 1936.  
Scientists had looked for another subatomic particle (other than the protons and 
the electron) for many years but couldn’t find it.  Chadwick also found out that the 
neutron is approximately the same mass as a proton but had NO electrical 
charge whatsoever.  Today we know that a neutron is a proton and an electron 
which are joined in the nucleus.
(12)   MAX PLANCK – a German physicist who is responsible for the quantum 
mechanical model of the atom which we believe is true today.  In this concept the 
electrons do not actually “orbit” the nucleus but are found only in definite areas 
based on the amount of energy they have.
PROTON – a positively-charged particle which is found in the nucleus.  It is 
considerably more massive than the electron (1837 times heavier)

ELECTRON – a very lightweight negatively-charged particle which is found 
somewhere outside the nucleus.  Its mass is considered to be negligible 
when determining the mass of an atom.  It weighs only 1/1837 that of a 
proton, but its negative charge is the same magnitude as the positive 
charge of a proton.

NEUTRON – a particle found in the nucleus which is approximately the same 
mass as a proton but does not have an electrical charge associated with 
it. It is neutral.

ATOMS ARE ALWAYS NEUTRAL PARTICLES – atoms contain the same 
number of protons as electrons, and it will have varying numbers of 
neutrons depending on the particular isotope.

IONS – particles which do not have the same number of protons and electrons 
and therefore they DO have an electrical charge associated with them.  If 
a particle has more protons than electrons, the ion will have a positive 
charge.  If a particle has more electrons than protons, it will have a 
negative charge. 

ATOMIC NUMBER – the number of protons found in the nucleus of an atom.  On 
the Periodic Chart, it is the large whole number in the upper corner.  
Notice that the only thing which makes one element different from another 
is the number of protons it contains.  An atom with six protons is always 
carbon; an atom with 5 protons is always boron; an atom with 7 protons is 
always nitrogen.

MASS NUMBER –  the sum of the protons and the neutrons in the nucleus of an 
atom. The mass number DOES NOT show on the Periodic Chart.  The


 atomic mass (which does show on the chart) is an average of all of the


 different isotopes of that element weighted by their abundance.

ATOMIC MASS – the atomic mass that shows on the Periodic Table for each 
element is really a weighted AVERAGE of the masses of all of the 
isotopes of that element, weighted by their percentage of abundance.  
Every element on the Periodic Table has at least 2 isotopes; some of them 


have 20 or 30 or more isotopes.

Here is the equation to use to find the average atomic mass of an element:

Atomic Mass = (% isotope #1)(mass of #1) + (%isotope #2)(mass of #2) + (%isotope #3)(mass of #3) +  . . . . .

Please notice that even though you are finding an average, you do NOT divide by the number of isotopes.  The percentages of abundance take care of this for you.  You must either change the percentages to decimals before putting them into the equation OR you must be sure to remember to press the % key on your calculator when you enter each abundance number. 

Example 2-1      Naturally occurring chlorine is 75.53% chlorine-35 and 24.47% 




chlorine-37.  What is the average atomic mass which should be 



placed on the Periodic Chart for the element chlorine?  

Example 2-2   The element neon consists of three isotopes with masses 19.99, 20.99 



and 21.99amus.  These three isotopes are present in nature to the 



extent of 90.92%, 0.25% and 8.83% respectively.  Calculate the 



atomic mass of neon.

Example 2-3   The element silver consists in nature of two isotopes, Ag-107 and 



Ag-109.  The accepted atomic mass of silver is 107.87 amu.  What



 are the percentages of abundance of Ag-107  and Ag-109?  
CHEMICAL CONFIGURATION is a way of displaying an atoms or ions showing lots of 


information.

Mass number                      charge (if any)

                                                              SYMBOL

                                 Atomic number

Example 2-4  Write the chemical configuration for a particle containing 5 protons, 




6 neutrons and 5 electrons.

Example 2-5  Write the chemical configuration for a particle which contains 8 




neutrons, has a mass number of 17 and contains 10 electrons.

Example 2-6  Write the chemical configuration for a particle which contains 18 




electrons, has a mass number of 32 and has a –2 charge.

Example 2-7   Write the chemical configuration for a particle which has a charge of +3 



and contains 10 electrons and 14 neutrons.

Sometimes you are not given enough information to write the entire chemical configuration for a particle, but you can at least identify it as to what element it is and whether it is an atom or an ion.
Example 2-8  What particle has a +2 charge and 12 protons?

What particle has 50 protons and 48 electrons?

What particle has 44 protons and 44 electrons?

What particle has a –3 charge and contains 36 electrons?
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