
Chapter 2:  Atoms and Elements 

Our understanding of the atom has developed over the last 2000 years.  You 

should read about and be familiar with the contributions of the following: 

• Robert Brown (Brownian motion) 

• Albert Einstein 

• Leucippus and Democritus (atomos) 

• Antoine Lavoisier (Law of Conservation of Mass) 

• John Dalton (atomic theory/ Law of Multiple Proportions) 

• J.J. Thomson (discovery of electron) 

• Robert Millikan (charge of electron) 

• Ernest Rutherford (nucleus) 

• James Chadwick (neutron) 

Law of Conservation of Mass:  formulated by Lavoisier in 1789, it states that In a 

chemical reaction, matter is neither created nor destroyed.   

Law of Definite Proportions:  proposed by Joseph Proust in 1797, it states that all 

samples of a given compound, regardless of their source or how they were 

prepared, have the same proportions of their constituent elements. 

 Water will always have a 2:1 (H:O) ratio, no matter its source. 

Law of Multiple Proportions:  published by John Dalton in 1804, it states that 

when two elements (A and B) form two different compounds, the masses of 

element B that combine with 1g of element A can be expressed as a ratio of 

small whole numbers. 

 CO:  1g carbon reacts with 1.33g oxygen 

 CO2:  1g carbon reacts with 2.67g oxygen 

 H2O:  1g hydrogen reacts with 8g oxygen 

 H2O2:  1g hydrogen reacts with 16g oxygen 

 

 

 



Subatomic Particles 

The atom is made up of 3 basic particles: 

Particle Location Mass (kg) Mass (amu) Charge 
Proton Nucleus 1.67262 x 10-27  1.00727 +1 

Neutron Nucleus 1.67493 x 10-27  1.00866 0 

Electron Outside 
nucleus 

9.1 x 10-31  0.00055 -1 

 

Matter is usually charge neutral, meaning that it contains equal numbers of 

protons and electrons.   

Atomic number:  protons (identifies the element) 

Mass number:  protons + neutrons (NOT same as atomic mass!) 

Isotope:  atoms of the same element that have different masses.  Since the 

protons must be the same for the element to be the same, these differ in the 

number of NEUTRONS.  The amount of an element that is made up of a given 

isotope is called its percent (natural) abundance.   

 

 

✓ How many protons and neutrons are in 39K?  52Cr? 

 

  

Ion:  an atom that gains or loses electrons and is therefore a charged particle 

• Cation:  a positively charged ion formed when an atom LOSES electrons 

(oxidation)  

• Anion:  a negatively charged ion formed when an atom GAINS electrons 

(reduction) 

 

✓ How many protons, neutrons, and electrons are in 31S2-?  25Mg2+? 

 



Periodic Law:  when elements are arranged in order of increasing mass, certain 

sets of properties recur periodically.  (Dmitri Mendeleev in 1869) 

 

 

 

Groups:       Common ionic charges 

• 1A:  alkali metals     Metals LOSE electrons 

• 2A:  alkaline earth metals   Nonmetals GAIN electrons 

• 7A:  halogens 

• 8A:  noble gases 

 

Atomic mass:  the weighted average mass of all possible isotopes of an element 

(the number under the symbol on the periodic table). 

 Atomic mass = Σ (fraction of isotope) ∙ (mass of isotope) 

✓ Magnesium has three naturally occurring isotopes with masses of 

23.99amu (78.99%), 24.99amu (10.00%), and 25.98amu (11.01%).  What is 

the atomic mass of magnesium? 

 

 

 



✓ Gallium has two naturally occurring isotopes:  Ga-69 with a mass of 

68.9256 amu and a natural abundance of 60.11%.  Use the atomic mass of 

gallium from the periodic table to determine the mass of Ga-71. 

 

 

 

 

 

Mass spectrometry:  separates particles according to their mass.  The peaks can 

be used to determine the atomic mass of the element from the abundance.  

      

Mole:  the amount of material containing 6.022 x 1023 particles (Avogadro’s 

number) 

 This is a conversion factor!  1 mole = 6.022 x 1023 

 

 

The atomic mass can then be used to convert between moles and grams of a 

substance.  Density can be used to convert to volume if needed. 

 



 

✓ A ring contains 2.80 x 1022 silver atoms.  How many moles of silver does it 

contain?  How many grams of silver? 

 

 

 

 

 

 

✓ How many carbon atoms are there in a 1.3-carat diamond?  (1 carat = 

0.20g) 

 

 

 

 

 

 

 

 

✓ Find the number of atoms in a cylindrical copper rod with a length of 

9.85cm and a radius of 1.05cm.  The density of copper is 8.96g/cm3.  

Volume of a cylinder:  V = πr2h 

 

 

 

 

 

 


