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•  Could mean a single atom of that element (Ar or H). 

•  Could mean molecules of an element (H2), which is 
hydrogen found in its natural state. 

•  Could mean atoms of elements are present in 
some form (eg. sodium found in the human body). 

~ 115-118 elements known 
 
~ 90 found in nature, others are synthetic. 

How the Term Element is Used:

Element
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Theories of 
Matter 

Composition 

Democritus  
(5th – 4th century BC) 

ATOMISM 
 

Aristotle 
(4th – 5th century BC)  

CONTINUOUS MATTER 
FOUR ELEMENTS – Earth, Air, Fire, Water 

 
Boyle 

(17th century) 
Reintroduced ATOMISM in modern times. 

 
Dalton 

(19th century) 
Atomic Theory to explain results of 

EXPERIMENTS. 



1.  Elements are made of tiny particles called 
atoms. 

Dalton’s Atomic Theory (1808) 

2.  All atoms of a given element are identical. 

3.  The atoms of a given element are different 
from those of any other element. 



4.  Atoms of one element can combine with 
atoms of other elements to form 
compounds. A given compound always 
has the same relative numbers and types 
of atoms. 

Dalton’s Atomic Theory (continued) 



5.  Atoms (and matter generally) are not 
created or destroyed in chemical reactions. 
 

A chemical reaction simply changes the 
way the atoms are grouped together. 
 

This is the law of conservation of mass. 

Dalton’s Atomic Theory (continued) 
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•  Compound – distinct substance that is 
composed of the atoms of two or more 
elements and always contains exactly the same 
relative number (and masses) of those 
elements. 

•  Chemical Formulas – expresses the types of 
atoms and the number of each type in each unit 
(molecule) of a given compound. 

Chemical Formulas Describe Compounds 
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1.  Each atom present is represented by its element 
symbol. 

2.  The number of each type of atom is indicated by a 
subscript written to the right of the element symbol. 

3.  When only one atom of a given type is present, the 
subscript 1 is not written. 

Rules for Writing Formulas 



Example 
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 The pesticide known as DDT paralyzes insects by 
binding to their nerve cells, leading to uncontrolled firing 
of the nerves. Before most uses of DDT were banned in 
the U.S., many insects had developed a resistance to it. 
Write out the formula for DDT. It contains 14 carbon 
atoms, 9 hydrogen atoms, and 5 atoms of chlorine. 

 

    C14H9Cl5 
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J.J. Thompson and the 
Discovery of the 

Electron  

Electron: Very small, 
subatomic, negatively 
charged particle  
(has mass). 

  Cathode Ray Tube: 

From his experiments, Thompson calculated the ratio 
of the electron’s mass, me, to its electric charge, e.  
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Structure of the Atom: Cathode-Ray Tube & Electron

Thomson concluded that the 
electron was a part of all 
atoms, as the same type of ray 
was observed with electrodes 
of all of the metals studied. 



Millikan's 
Oil-drop 

Experiment 

•  Millikan was able to demonstrate the charge on the electron is 
1.6×10−19 Coulombs.  

•  The work of Thomson (charge/mass ratio) and Millikan together 
provided us with the electron’s mass of  9.109 x 10-31 kg, which is 
more than 1800 times smaller than the mass of the lightest atom 
(hydrogen).  



Thomson - Plum Pudding Model 

•  Reasoned that the atom might be 
thought of as a uniform “pudding” 
of positive charge with enough 
electrons (-) scattered within to 
counterbalance that (+) charge. 

•  Rutherford, a student of Thomson, 
working with his own students 
(Geiger & Morrison) found that the 
behavior of alpha particles was not 
consistent with Thomson’s model. 
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Structure of the Atom



Rutherford’s Gold Foil Experiment 

•  Rutherford used alpha particles to further study the atomic model. 

•  He directed alpha particles from a source at thin pieces of metal foil that 
were a relatively small number of atoms thick. 

  



Diagram a shows he expected results of the metal foil experiment if 
the diffuse model were correct (a theory favored at the time over 
the plum pudding model). Diagram b shows actual results. 
 

Rutherford’s Gold Foil Experiment 



An atom is made up of a small, central, positively charged nucleus, 
surrounded by even smaller, negatively charged electrons that are moving 
around the atom.

Nucleus:
1) Subatomic particle: Core of the atom 

2) Positively charged

3) Takes up very little space in the atom

4) Contains most of the mass of the 
atom

Rutherford’s Model of the Atom 

Electron 
Cloud



Rutherford and Chadwick (1932) 
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•  Most nuclei also contain a neutral particle 
called the neutron. 

•  A neutron is approximately the same mass 
as a proton but has no charge. 

Structure of the Atom



The Modern Model of the Atom  

Atoms are made up of three subatomic particles:
Proton (p+): Positively charged subatomic particle 

found in the nucleus of the atom.  
Neutron (n0): Neutral subatomic particle found in the 

nucleus of the atom.  
Electron (e–): Negatively charged subatomic particle 

found outside the nucleus.  



Why do different atoms have different chemical 
properties? 

•  The number of electrons and the charge environment 
created by the protons in the nucleus determine 
chemical behavior. 

•  The chemical activity of an atom arises from its 
electrons and their interactions. 

•  Electrons are the parts of atoms that are shared when 
atoms combine to form molecules. 

•  Electrons are the parts of atoms that are lost or gained  
when atoms form ions. 

Structure of the Atom & Chemical Properties



Isotopes 
•  Atoms with the same number of protons but different numbers of 

neutrons. 

•  Show almost identical chemical properties; chemistry of atom 
is due to its protons and electrons. 

•  In nature most elements contain mixtures of isotopes. 



Isotope Symbols 
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X = the symbol of the element 
Z = the atomic number (# of protons) 
A = the mass number  

  (sum of the # protons and # neutrons) 

XAZ



Mass Number  

•  The name for an isotope is the element name followed 
by the mass number. 

•  Because the mass number refers to a specific isotope 
of an element, you cannot find the mass number on the 
periodic table. 

•  Be sure not to confuse the mass number with the 
average atomic mass! 



Isotopes – An Example 
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•  Isotope name: Carbon-14 

•  C = the symbol for carbon 

•  6 = the atomic number  
(6 protons) 

•  14 = the mass number  
(6 protons and 8 neutrons) 

•  Isotope name: Carbon-12 

•  C = the symbol for carbon 

•  6 = the atomic number  
(6 protons) 

•  12 = the mass number  
(6 protons and 6 neutrons) 

14
6C

12
6C

These two isotopes (and carbon-13) show nearly identical 
chemical properties; however, carbon-14, which makes up less 
than 0.1% of naturally-occurring carbon is radioactive and can be 
used in radio-carbon dating of organic material. 



Heavy Water:  D2O 

1
1H

The most common 
isotope of hydrogen is 
Hydrogen-1, which has a 
nucleus composed of just 
a proton: 

D  =  1
2H

Deuterium, Hydrogen-2, 
sometimes given the 
symbol D, is an isotope 
of hydrogen that has one 
proton and one neutron: 



Isotopes 
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•  A certain isotope X contains 23 protons and 28 
neutrons. Give the isotope name and isotope 
symbol. 

 
    



Isotopes 
•  Consider the isotope phosphorus-31 symbol: 

  

 

 

   A = 31 (mass number = the sum of protons and neutrons)        

   Z = 15 (atomic number =  protons ) 

•  In order to determine how many neutrons are in the nucleus of an atom 
simply subtract: 

•  # neutrons  =  mass number – atomic number 
    =  31 – 15 = 16 neutrons 

  

€ 

15
31P



Isotope Name Isotope 
Symbol 

Atomic 
Number (Z) 

Mass 
Number (A) protons electrons neutrons 

Rhenium - 187 

80 201 

27 13 

35 44 

Helium - 4 

  

€ 

93
237Np



Atomic Mass 
•  Atoms are very small.   

•  For example, 18 mL (~ 4 teaspoons) of water contains ~ 
602,200,000,000,000,000,000,000 molecules of H2O.   

•  A single water molecule has a mass of 2.99 x 10-23 grams.  

•  Working in grams to describe the mass of single atoms or 
molecules is not convenient.   

•  Instead, we typically express the mass of atom in terms of 
atomic mass units, amu, or simply u. 



•  The atomic mass unit is defined as 1/12 of the mass of an atom of the 
carbon-12 isotope.  

  1 amu  =  1/12 mass of C-12  

•  Both the neutron and the proton have a mass of approximately 1 amu: 

  1 amu ≈  1 proton ≈  1 neutron 

•  Electrons are very small: 

  1 electron  ≈  0.00055 amu 

•  Because the mass number is the sum of protons and neutrons, the 
mass number is a whole number approximation of the atomic mass 
of an isotope. 

Atomic Mass 



•  Most elements are a mixture of two or more isotopes. 

•  The percentage of an isotope in a naturally occurring sample of an 
element is called the isotopic abundance (or percentage abundance) 
of that that isotope.  

•  The isotopic mass is the mass of a single atom of an isotope. 

•  The average atomic mass is the weighted average of the masses of 
isotopes of an element.  

Average Atomic Mass 



Consider the element Magnesium, composed of three isotopes of 
the following percentage abundances:    
 

Isotope               % Abundance     Isotope Mass  (amu) 

Mg-24        78.99 %      23.9850 
Mg-25        10.00 %      24.9858 
Mg-26        11.01 %      25.9826 
 
 
Check the calculated value against the value on the periodic table.   

Calculating Average Atomic Mass from Isotope Data 

average atomic mass = (Fractional Abundance×∑  Isotope Mass)


