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Early Theories of Matter
 460 BC   Democritus

Proposed the matter 
was not infinitely 
divisible.  Believed 
matter composed of 
particles called atoms.



Early Theories of Matter
             Aristotle

-Greek philosopher who -Greek philosopher who 
opposed Democritus’ opposed Democritus’ 
beliefsbeliefs
-Believed that all matter -Believed that all matter 
was continuous and not was continuous and not 
made up of smaller made up of smaller 
particlesparticles
-His ideas were accepted -His ideas were accepted 
until the 17th centuryuntil the 17th century



Foundations of Atomic Theory
 -Late 1700s the definition of 
an element was accepted

-Element: A substance that 
cannot be further broken down 
by ordinary chemical means

-Elements combine to make 
compounds



Foundations of Atomic Theory
 -The transformation of a substance (s) 
into one or more new substances is a 
chemical reaction
-Matter is neither destroyed or Matter is neither destroyed or 
created during ordinary chemical created during ordinary chemical 
reactions or physical changes. reactions or physical changes. 
(Conservation of Mass)(Conservation of Mass)
-Mass of reactants (starting materials) -Mass of reactants (starting materials) 
equals the mass of products (end equals the mass of products (end 
materials)materials)



Foundations of Atomic Theory
 -Law of definite proportions: A 
chemical compound contains the same 
elements in exactly the same 
proportions by mass regardless of the 
size of the sample of the compound 



Foundations of Atomic Theory
 -Law of Multiple Proportions: If two 
elements combine to form more than 
one type of compound, the ratio of the 
masses of the second element combined 
with a certain mass of the first 
element is always a ratio of small whole 
numbers

Example: CO & CO2



Foundations of Atomic Theory
 -John Dalton was the recognize that -John Dalton was the recognize that 
atoms could explain the laws of: atoms could explain the laws of: 
conservation of mass, definite conservation of mass, definite 
composition and multiple proportions composition and multiple proportions 
-Proposed the Atomic Theory in 1803-Proposed the Atomic Theory in 1803



Dalton’s Atomic Theory
1. All matter is composed of extremely 
small particles called atoms.

2. Atoms cannot be created, 
destroyed, or broken into smaller 
particles.

3. All atoms of a given element are 
identical, having the same size, 
mass, and chemical properties. Atoms 
of a specific element are different 
from other elements.



Dalton’s Atomic Theory
4. Different atoms combine in simple Different atoms combine in simple 

whole number ratios to form whole number ratios to form 
compounds.compounds.

5. In chemical reactions, atoms are In chemical reactions, atoms are 
combined, separated, or rearranged. combined, separated, or rearranged. 



Dalton’s Atomic Theory
Theory incorrect in two ways:

   1.  Atoms ARE divisible into 
smaller   subatomic particles.

   2. Atoms of a given element can 
have different masses (isotopes)

   



Modern Atomic Theory
-Dalton’s Theory has been modified to 
  include new observations
-All matter is composed of atoms
-Atoms of any one element differ in 
properties from atoms of another 
element remain unchanged



The Structure of the Atom
-Evidence began to show atoms are 
composed of smaller particles.

-The number & arrangement of these 
particles determine the atom’s 
chemical properties

-Atoms: the smallest particle of an 
element that retains the chemical 
properties of the element



The Structure of the Atom
-Atoms have two regions

Nucleus:  the center of the atom that 
contains the mass of the atom

Electron cloud:  region that surrounds 
the nucleus that contains most of the 
space in the atom

 



The Structure of the Atom
 -Nucleus contains positive protons &   
neutral neutrons

-Electron cloud has negatively charged 
electrons

-All three particles are referred to as 
subatomic particles

 



The Electron
 -JJ Thomson used the cathode ray 
experiment to determine the charge to mass 
ratio of an electron. 
-He identified the first subatomic particle, 
the electron
-He proposed the plum pudding model of the 
atom
-It is called the plum pudding model because 
he pictured the electrons dispersed like 
raisins in a pudding.
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Charge & Mass of the Electron
 -Millikan is noted for his famous 
Millikan’s Oil Drop Experiment
-This experiment determined the 
charge and the mass of an electron
-The electron is negatively charged with 
relatively no mass



The Proton
-Rutherford’s Gold Foil Experiment helped to 
determine the existence of the nucleus
-Rutherford proposed that the nucleus was 
small, dense and positively charged
-Proposed the nuclear atomic model which 
stated that there was a nucleus with a 
positive charge and electrons around the 
outside



The Neutron
-Chadwick showed that the nucleus also 
contained neutrons
-He is credited for the discovery of 
the neutron



Particle Interaction
-Protons and neutrons are compacted in the 
tiny positively charged nucleus accounting for 
most of the mass of the atom but barely any 
volume.
-The negatively charged electrons are small 
and have a relatively small mass but occupy 
99% of the volume of the atom.
-Proton’s mass is 1836 times greater than an 
electron
-The mass of a neutron is slightly larger than 
a proton



Particle Interaction
-Like charges usually repel so two protons 
should repel each other 
-In the atom, protons have a strong 
attraction for each other. Usually more than 
100 protons exist close together to form the 
nucleus
-Attraction also exists between protons & 
neutrons
-Nuclear forces: Short range proton-neutron, 
proton-proton forces that hold nuclear 
particles together



Particle Interaction
• In a neutral atom:

–The protons = the electrons
• If 20 protons are present 
in an atom then 20 electrons are there 
to balance the overall charge of the 
atom—these atoms are neutral, 
meaning they have an overall charge of 
ZERO!

–The neutrons have no charge; therefore 
they do not have to equal the number of 
protons or electrons



Particle Interaction
• Atomic number (Z):  this number indicates 
the number of protons in an atom

–Ex:  Hydrogen’s atomic number is 1
• So hydrogen has 1 
proton

–Ex:  Carbon’s atomic number is 6
• So carbon has 6 
protons

**The number of protons identifies the atom 
as a specific element.
    Ex.  2 protons = He, 29 protons = Cu



Particle Interaction
• Mass number (A):  the number of 
protons and neutrons in the nucleus

–Ex:  hydrogen can have a mass 
number of 3.
  Since it has 1 proton it must 
have 2 neutrons

–# of neutrons = mass # - atomic 
# = A - Z



Information from Periodic Table

1

H
1.008

Atomic 
Number (Z)  = 

# of protons

Average 
Atomic Mass = 

Weighted 
Average of 
Protons + 
Neutrons 

combinations

Note: This is 
not the Mass 

Number!

Elemental 
Symbol: 

one or two 
letters, first 

is always 
Upper case, 

second is 
lower case



Finding Particle Amounts
 Electrons:
  Ion: Charged particle based on the 
number of electrons

      CationCation: Positive ion; Lose electrons; : Positive ion; Lose electrons; 
formed by metalsformed by metals

•• Anion: Negative ion; gain electrons; Anion: Negative ion; gain electrons; 
formed by non-metalsformed by non-metals

  



Finding Particle Amounts
Neutral Atom: # protons = # electrons
  
Cation:# protons – charge value = # 
electrons

Anion:# protons + charge value = # 
electrons



Try the followingTry the following
Atomic # Mass # # Protons # Neutrons # Electrons Symbol

9 10

14

8 10

20 18

9 10

26 24

3



Try the followingTry the following
Atomic # Mass # # Protons # Neutrons # Electrons Symbol

9 19 9 10 9 F

14 28 14 14 14 Si

8 16 8 8 10 O2-

20 40 20 20 18 Ca2+

9 19 9 9 10 F-

26 56 26 30 24 Fe2+

3 7 3 4 3 Li



Isotopes
  Isotopes are atoms of the same element 

(same number of protons) but with 
different number of neutrons

• The atomic mass on the periodic table is 
an average of all the known isotopes of 
each element.  

• It is not the mass of any individual atom.
• To determine the mass number of a 

specific isotope you need to add the 
number of protons to the number of 
neutrons. This is the mass number (A).



Average Atomic Masses
Average Atomic Mass: Atomic Mass: The weighted 
average mass of all the naturally 
occurring isotopes of that element.

• To find the average atomic mass of an 
element you need two pieces of 
information:
– The mass numbers of the different 

isotopes 
– The relative abundance of each 

isotope



Calculating Atomic Mass
  Element “X” has 2 isotopes. One has 
a mass of 10.012 amu & an 
abundance of 19.91%. The other has 
a mass of 11.009 amu & an 
abundance of 80.09%. Calculate the 
atomic mass.



Calculating Atomic Mass
  10.012 amu x 0.1991 
       = 1.993 amu
  11.009 amu x 0.8009
       = 8.817 amu

Atomic mass: 1.993 + 8.817
                = 10.810 amu 



Relating Mass to Numbers of 
Atoms

The Mole: The Mole: 
-The amount of a substance that contains as -The amount of a substance that contains as 

many particles as there are atoms in many particles as there are atoms in 
exactly 12g of carbon-12.exactly 12g of carbon-12.

-1 mole of a substance contains 6.022 x 
1023  particles (or atoms, formula units, 
molecules) 

-So a “mole” is a number, very similar to a 
dozen.  

-A dozen = 12 
-A mole (mol) = 6.022 x 1023 particles



Relating Mass to Numbers of 
Atoms

-Molar Mass: the mass of 1 mole of a 
substance in grams (also known as Gram 
Formula Weight or Formula Weight)

-Mass given on periodic table is in amu
-Because amu and grams are relative we can 

say the masses on the periodic table are 
in grams

-To find molar mass add all the atomic 
masses of the elements in the compound.



Relating Mass to Numbers of 
Atoms

-Moles are the central unit in chemistry.
They allow us to change units between:

   -Mass
-Number of particles (atoms or molecules 
or formula units or ions)

-Volume (gas at STP)
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• MgCl2

• Ca(OH)2

• C6H12O6

• If the molar mass is the final answer to a 
question, then the significant figures for 
adding measurements rule should be invoked.  
If it’s a step along the way, then keep the 
extra decimal place.

Practice – Find the molar mass of:

24.31 + 2(35.45) = 95.21 g/mol

40.08 + 2(16) + 2(1.008) = 74.10 g/mol

6(12.01) + 12(1.008) + 6(16) = 
180.16 g/mol
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Moles and Mass
The conversion factor is

1 mol = Molar Mass (or GFM or FW)

Convert 5.0 moles of Sulfur to 
grams
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Sample Problem
To carry out a chemical reaction you need 

3.20 moles of zinc nitrate Zn(NO3)2.  
What is the mass of 3.20 moles of 
Zn(NO3)2?

606 g Zn(NO3)2

65.39 + 2(14.01) + 6(16) = 189.41 g/mol Zn(NO3)2

3.20 mol  Zn(NO3)2 x 189.41 g/mol
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Moles and Particles
The conversion factor is

1 mol = 6.022 x 1023 particles (molecules, 
atoms, etc)

Convert 2.0 moles H2O to molecules

1.2 x 1024 mc H2O
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Moles and Liters of Gas
The conversion factor is 1 mol = 22.4 L
 It only applies to Gas at STP (standard 

temperature and pressure) which is 0 
degrees C and 1 atm

Convert 4.3 mol of O2 gas at STP to liters
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Sample Problem
A piece of marble contains 8.74 x 1023 

formula units of calcium carbonate. How 
many moles of CaCO3 is that?

1.45 mol CaCO3

8.74 x 10 23 form.un.CaCO3 x 1 mol/6.022 x 10 23 
form.un.
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Sample Problem
You need 250 grams of table sugar, or 

sucrose (C12H22O11), to bake a cake.  
How many sucrose molecules will be in 

the cake?

4.4 x 1023 molecules C12H22O11 
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Sample Problem

If you burned 4.00 x 1023 molecules of 
natural gas, or methane (CH4) during a 
laboratory experiment, what mass of 

methane did you burn?

10.7 g CH4


