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        Chapter 2	   		Dr. Nabil EL-Halabi
Atoms, Molecules and Ions

Dalton’s Atomic Theory: The hypotheses about the nature of matter on which Dalton’s Atomic Theory is based can be summarized as:
	Elements are composed of extremely small particles called atoms. All atoms of a given element are identical, having the same size, mass and chemical properties. The atoms of one element are different from the atoms of all other elements.

Compounds are composed of atoms of more than one element in a definite fixed numerical ratio. 
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 compounds always contain the same elements in the same proportions by mass 
Example: In water (H2O), we always find the elements of H and O in the ratio of 1.00 g H to 8.00 g of O.

Law of Multiple Proportions: If two elements can combine to form more than one compound, the masses of one element that combine with a fixed mass of the other element are in the ratio of small whole numbers.
Carbon monoxide (CO)    	1.00 g C to 1.33 g O
Carbon dioxide (CO2)       	1.00 g C to 2.66 g O
The ratio of O in CO to O in CO2 is 1:2. This result is consistent with the Law of Multiple Proportions.

Law of Conservation of Mass: Matter can be neither created nor destroyed.

The structure of the Atom:
Atom: The basic unit of an element that can enter into chemical combination.
Dalton thought that the atom was indivisible, but by the end of the 19th century there was evidence that the atom was composed of smaller particles. 
The electron was discovered in the 1890’s by J. J. Thomson using a Crooks tube (cathode ray tube). He was able to measure the ratio of the electric charge to mass of the electron to be -1.76 x 108 C/g. 
Later an American physicist, Millikan, measured the charge to be -1.60 x 10-19 C. 

J. J. Thomson model of the atom (1900) 
The atom consists of a sphere of positive charge within which was buried negatively charged electrons 
Also known as the "plum pudding" model of the atom 

Rutherford model of the atom (1910) 
Most of the mass of the atom, and all its positive charge, reside in a very small dense centrally located region called the "nucleus" 
	Most of the total volume of the atom is empty space within which the negatively charged electrons move around the nucleus 
Rutherford (1919) discovers protons - positively charged particles in the nucleus.
Chadwick (1932) discovers neutron - neutral charge particles in the nucleus.

Table 2.1 Mass and Charge of Subatomic Particles


Charge
Particle
Mass(g)
Coulomb
Charge Unit
Electron
9.10939 x 10-28
-1.6022 x 10-19
-1
Proton
1.67262 x 10-24
+1.6022 x 10-19
+1
Neutron
1.67493 x 10-24
0
0
Atomic Number, Mass Number, Isotopes:
Atomic number (Z) = number of protons in nucleus.
Mass number (A) = number of protons + number of neutrons. 
                              =  atomic number (Z) + number of neutrons.
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Isotopes: Atoms that have the same atomic number but different mass numbers. 
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Example 2.1

The Periodic Table:
Periodic Table: A chart in which elements having similar chemical and physical properties are grouped together.
Periods: horizontal rows.
Groups: vertical columns.
The elements can be divided into three categories:  metals, nonmetals, and metalloids.
A Metal is a good conductor of heat and electricity, whereas a nonmetal is usually a poor conductor of heat and electricity. A metalloid has properties that are intermediate between those of metals and nonmetals.
Some element groups have special names

Group
Name
Elements
1A (1)
Alkali metals
Li, Na, K, Rb, Cs, Fr 
2A (2)
Alkaline earth metals
Be, Mg, Ca, Sr, Ba, Ra
6A (16)
Chalcogens ("chalk formers") 
O, S, Se, Te, Po
7A (17)
Halogens ("salt formers") 
F, Cl, Br, I, At
8A (18)
Noble gases (or inert, or rare gases) 
He, Ne, Ar, Kr, Xe, Rn







Molecules and Ions:
A molecule: is an aggregate of at least two atoms in a definite arrangement held together by chemical bonds.
The atoms in a molecule may be of the same type of element, or they may be different.
H2, H2O, NH3, CH4
A diatomic molecule contains only two atoms.         H2, O2, N2, Cl2, F2, Br2, HCl, CO.
A polyatomic molecule contains more than two atoms.         S8, O3, H2O, NH3, CH4

Ions:
An ion is an atom, or group of atoms, that has a net positive or negative charge.
A cation: an ion with a net positive charge.
If a neutral atom loses one or more electrons, it becomes a cation.
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    11 protons	          11 protons
    11 electrons	          10 electrons

An anion – ion with a negative charge
If a neutral atom gains one or more electrons, it becomes an anion.
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			17 protons					17 protons
			17 electrons					18 electrons

NaCl (table salt) is called an ionic compound because it is formed from cations and anions.
Atoms can lose or gains more than one electron.
Examples: Mg2+, Fe3+, S2-, and N3-

A monatomic ion contains only one atom.  Mg2+, Fe3+, S2-, Al3+.

A polyatomic ion contains more than one atom.  OH-, CN-, NH4+.

Chemical Formulas are used to express the composition of molecules and ionic compounds in terms of chemical symbols.
Molecular formula: shows the exact numbers of atoms of each element in the smallest unit of a substance.
H2 is the molecular formula for hydrogen, O2 is oxygen, O3 is ozone, and H2O is water.

An Allotrope: is one of two or more distinct forms of an element.
O2 and O3 are allotrope of oxygen.
Diamond and graphite are allotrope of carbon.

Structural formula: shows how atoms are bonded to one another in a molecule.
An empirical formula: shows the simplest whole-number ratio of the atoms in a substance.
For many molecules, the molecular formula and the empirical formula are one and the same.

Compound
Molecular Formula
Structural formula
Empirical Formula
Water
H2O
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H2O
Hydrogen Peroxide
H2O2 
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Ethylene
C2H4 
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Ethane
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Ammonia
NH3
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Figure 2.11
Examples 2.2, 2.3.

Formula of Ionic Compounds:
Ionic compounds are generally combinations of metals and non-metals. 
Molecular compounds are general combinations of non-metals only.
Pure ionic compounds typically have their atoms in an organized three dimensional arrangement (a crystal).
	The formulas of ionic compounds are usually the same as their empirical formula because ionic compounds do not consist of discrete molecular units.
	The sum of the charges on the cation(s) and anion(s) in each formula unit must equal zero. So the formula is electrically neutral.

The subscript of the cation is numerically equal to the charge on the anion, and the subscript of the anion is numerically equal to the charge on the cation.
Example: In Al2O3, we have Al3+ and O2- and the sum of the charges is 2(3+) +3(2-) = 0

Naming Compounds:
Ionic Compounds:
1- Binary Compounds: Compounds formed from just two elements.
NaCl  is named sodium chloride.
The first element named is the metal cation, followed by the nonmetallic anion.
The anion is named by taking the 1st part of the element name (chlorine) and adding –ide.
Examples:
KBr potassium bromide, ZnI2 zinc iodide, Al2O3 aluminum oxide.
Table 2.2 shows the “-ide” nomenclature of some common monatomic anions according to their positions in the periodic table.

2- Ternary Compounds: compounds consisting of three elements.
Example:
LiOH lithium hydroxide, KCN potassium cyanide.
Table 2.3 lists alphabetically the names of a number of common cations and anions.

Transition metals can form more than one type of cation.
Iron can form two cations: Fe2+, Fe3+.
The Stock system is used to name most transition metals, by indicating charge on metal with Roman numerals.
Example: Fe+2 = iron(II) ion, and Fe+3 = iron(III) ion
FeCl2 = iron(II) chloride, FeCl3 = iron(III) chloride. (called iron three chloride).
MnO = manganese(II) oxide, Mn2O3 = manganese(III) oxide, MnO2 = manganese(IV) oxide.
Example 2.4, 2.5.

Molecular Compounds:
They are usually composed of nonmetallic elements, many of molecular compounds are binary.
HCl = Hydrogen chloride, 		SiC = Silicon carbide, 	CO = Carbon monoxide, 
N2O4 = Dinitrogen tetroxide.
Naming binary molecular compounds is similar to naming binary ionic compounds. We place the name of the 1st element in the formula first, and the second element is named by adding “-ide” to the root of the element name.
	The prefix “mono-“ may be omitted for the 1st element.

      PCl3	is named phosphorus trichloride, no monophosphorus trichloride.
	For oxides, the ending “a” in the prefix is sometimes omitted.

      N2O4	 may be called dinitrogen tetroxide rather than dinitrogen tetraoxide
Exceptions:
Compounds containing H are called by their common namesas:
B2H6 = diborane, 	CH4 = methane, 	H2O = water, 	    NH3 = Ammonia.
Examples: 2.6, 2.7.

Acids and Bases:
Naming acids:
An acid can be defined as a substance that yields hydrogen ions (H+) when dissolved in water.
HCl
Pure substance is hydrogen chloride.
	Dissolved substance in water (H+ Cl-) is hydrochloric acid.

Table 2.5 some simple acids

An oxoacid is an acid that contains hydrogen, oxygen, and another element (the central elements).
HNO3 = nitric acid, 		H2SO4 = sulfuric acid, 	H2CO3 = carbonic acid, 	
HClO3 = chloric acid.

Often two or more oxoacids have the same cetral atom but a different number of O atoms. Starting with the oxoacids whose names end with “-ic” we use these rules to name these compounds.
	Adding of one O atom to the _-ic_ acid: The acid is called 菟er..-ic) acid.

Adding an O atom to HClO3 changes chloric acid to perchloric acid, HClO4.
	Removal of one O atom from the _-ic_ acid: The acid is called _-ous_ acid.

Thus nitric acid HNO3, becomes nitrous acid HNO2.
	Removal of two O atoms from the _-ic_ acid: The acid is called 塗ypo.-ous_ acid.

Thus when HBrO3 is converted to HBrO, the acid is called hypobromous acid.

The rules of naming anions of oxoacids, called oxoanions, are:
	When all the H ions are removed from the _-ic_ acid, the anion name ends with _-ate_.

When all the H ions are removed from the _-ous_ acid, the anion name ends with _-ite_.
The names of anions in which one or more but not all of the hydrogen ions have been removed must indicate the number of H ions present.
H3PO4 = Phosphoric acid		H2PO4- = dihydrogen phosphate
HPO42- = hydrogen phosphate	PO43- = phosphate

Acid
Anion
HClO4  perchloric acid
ClO4- perchlorate
HClO3  chloric acid
ClO3- chlorate
HClO2  chlorous acid
ClO2- chlorite
HClO2  hypochlorous acid
ClO- hypochlorite

Example 2.8
Figure 2.13 summarizes the nomenclature for oxoacids and oxoanions.

Naming Bases:
A base: a substance that yields hydroxide ions (OH-) when dissolved in water.
NaOH = Sodium hydroxide			Ba(OH)2 = Barium hydroxide




















Selected Problems: 12, 13, 16, 35, 36, 40, 44, 46, 50, 52, 55, 58.

