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LECTURE  2 

Atoms, Molecules and Ions 
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Dalton’s Atomic Theory 

1. Elements are composed of extremely small particles called atoms. Atoms 

of the same element all have the same size, mass and chemical 

properties.  The atoms of one element are different from the atoms of all 

other element. 

2. Compounds are composed of atoms of two or more elements. In any 

compound, the ratio of the numbers of atoms of any two of the elements 

present is either an integer or a simple fraction. 

3. A chemical reaction involves only the separation, combination, or 

rearrangement of atoms; it does not result in their creation or destruction. 

Law of Definite Proportions 

 

- Different samples of the same compound always contains its elements in a 

definite proportion by mass.  

H2O 
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Law of Conservation of Mass 

 

- Matter is neither created nor destroyed 

 

 

The Modern View of Atomic Structure 

Atom- the basic unit of an element that can enter into chemical combination 

(extremely small and indivisible) 

Three subatomic particles - electrons , protons, and neutrons. 

 

 

 

 

 

Law of Multiple Proportions 
 

- In different compounds of the same elements, the various masses of one element 

that combine  with a fixed mass of another element are related by small whole-

number ratios. 

16 X 8 Y + 8 X
2
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- The cathode ray consist of negatively charged particles found in all matter  

- Thomson together with Millikan concluded  that the mass of an e - is 

exceedingly small  (e - mass = 9.10 x 10
-28

 g). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thomson Cathode Ray Tube experiment  

(Uranium 

compound)
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Three types of rays produced by decay of radioactive substances such as  

“Uranium”.. 

(i) Alpha ( ) rays .. positively charged particles (  ) particles .. deflected by 

positively charged plate 

(ii) Beta () rays .. electrons .. deflected by negatively charged plate 

(iii) Gamma () rays .. high-energy rays .. no charge and are not affected by an 

external field. 

 

 

Thomson’s Model  

 
– a spherical atom composed of diffuse, positively charge matter, in which e- 

embedded like “raisin in a plum pudding”.   
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Rutherford’s gold foil -scattering experiment 
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Rutherford’s Model of the Atom 

 
1. atoms positive charge is concentrated in the nucleus 

2. proton (p) has opposite (+) charge of electron (-) 

3. mass of p is 1840 x mass of e
-

 (1.67 x 10
-24

 g) 

 

 

 

 

 

 

 

 

 

atomic radius ~ 100 pm = 1 x 10-10 m 

nuclear radius ~ 5 x 10-3 pm = 5 x 10-15 m 

 

  

 

 

 

 

 

  

neutron (n) is neutral (charge = 0) 

n mass ~ p mass = 1.67 x 10
-24

 g 

 

Chadwick’s Experiment (1932) 

H atoms - 1 p; He atoms - 2 p 

mass He/mass H should = 2 

measured mass He/mass H = 4 

2n 0n 
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mass p ≈ mass n ≈ 1840 x mass e

-

 

  

  Atomic number, Mass number and Isotopes 

 

Atomic number (Z) = number of protons in nucleus 

   Mass number (A) = number of protons + number of neutrons  

                                 =  atomic number (Z) + number of neutrons 

Isotopes are atoms of the same element (X) that have the same atomic number 

but different mass numbers 
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The Isotopes of Hydrogen 
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 Naturally occurring carbon consists of three 

isotopes,
12

C, 
13

C, and 
14

C.  State the number of protons, 

neutrons, and electrons in each of the following.  
 

     
12

C  
13

C  
14

C 

                 
6              6                  6  

 

 Proton         6                   6                      6 

 Neutron        6                   7                      8 

       Electron       6                   6                      6 
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A  monatomic ion contains only one atom 

 

Na
+

, Cl
-

, Ca
2+

, O
2-

, Al
3+

, N
3-

 

A polyatomic ion contains more than one atom 

 

OH
-

, CN
-

, NH
4

+

, CO
3

2−

,HCO
3

−

 , SO
4

2− 

, PO
4

3− 

,NO
3

- 

,NO
2

−

 

 

 

The names of common polyatomic anions  
 

• end in ate. 

  NO
3

−  

nitrate  PO
4

3−       

phosphate 

• with one oxygen less end in ite. 

  NO
2

−  

nitrite  PO
3

3−       

phosphite 

•  with hydrogen attached use the prefix hydrogen (or bi). 

 HCO
3

−

  hydrogen carbonate (bicarbonate) 

 HSO
3

−

  hydrogen sulfite    (bisulfite) 
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A base can be defined as a substance that yields  hydroxide ions (OH
-

) when 

dissolved in water. 
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