Unit 2 Chemical Bonding (Molecules & Compounds)
I. Stability in Bonding
a. Atoms undergo rearrangements of electrons to become more energetically stable.  This is the basis for all chemical bonding.

b. The most stable configuration of electrons is found in the noble gases (group 18 or 8A).  Noble gases have an outer energy level (shell/orbital) that is filled with the maximum number of electrons (stable).

c. Atoms gain or lose electrons, some more easily than others, so that they have the same electron configuration as the noble gases (full valence shell)

d. In general metals tend to form positively charged ions (by losing electrons) and non-metals tend to form negatively charged ions (by gaining electrons)

e. A chemical bond holds atoms together via the electrostatic force.

II. The Octet Rule

a. Elements from groups 1, 2, and 13-18 (also named groups 1A-8A) chemically react (gain, lose, or share electrons) so that they attain eight valence electrons (outermost shell).  When most elements form bonds, the elements obtain the stable noble gas configuration of 8 valence electrons (2 for hydrogen/helium).

i. Electron Dot Structures (Lewis Structures) represent a given atom’s valence electrons.

III. Types of Chemical Bonds

a. Ionic Bonds

i. Ionic bonds form between a metal and a non-metal or between a metal and a polyatomic ion.

ii. When ionic bonds occur, electrons are transferred from the metal atoms (which become cations) to the non-metal atoms (which become anions).

iii. Oppositely charged ions attract and form an ionic bond held together by the electrostatic attraction between positive and negative charges.

b. Covalent Bonds

i. Covalent bonds form between two non-metals when they share electrons.

ii. Two atoms are simultaneously attracted to the shared pair of electrons, which results in the covalent chemical bond.

iii. A single-bond is made up of two shared electrons, a double-bond is made up of four shared electrons, and a triple-bond is made up of six shared electrons.  A triple-bond is the shortest and strongest while a single-bond is the longest and weakest bond.

iv. A polar bond is when electrons are not shared equally between atoms.

v. A non-polar bond is when electrons are shared equally between atoms.

vi. Lewis Dot Structures are used to show the bonding in covalent compounds.
c. Metallic Bonding
i. A metallic bond is the strong force that results from delocalized electrons grouped in a freely moving “electron sea” that surrounds more than one metal cation.
ii. This type of bonding is what makes metals so strong, malleable, conductible, and often shiny.  This strong bond is also why there is such a high boiling point and melting point for most metals.
d. Hydrogen Bonding

i. An electrostatic attraction between a hydrogen atom in one polar molecule (as in water) and a small electronegative atom (like oxygen, nitrogen, or fluorine) which is usually in another molecule of the same or a different polar substance.
IV. Chemical Formulas
a. Chemical formulas show which type of atoms are present and how many there are.
b. Chemical formulas show if polyatomic ions are present or not.
c. A chemical formula allows us to calculate the formula mass of a compound.
d. Chemical formulas show that atoms combine in certain ratios with other atoms. 
e. All compounds have an electrical charge of zero; they are neutral.

f.  Oxidation numbers indicate how many electrons are lost, gained, or shared when bonding occurs
V. Writing the chemical formulas of ionic compounds

a. Monatomic ions

i. Write the symbol for the monatomic ion that has a positive charge first

ii. Write the symbol for the monatomic ion that has a negative charge second

iii. Add subscripts so the sum of the positive and negative oxidation numbers equal zero. 
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Aluminum and sulfur combine in a 2 : 3 ratio because aluminum (Al)
is positive three (+3) and sulfur (S) is negative two (-2). Only in a 2:
combination will the charges cancel each other.





b. Polyatomic ions

i. The first three steps are the same as above.

ii. Step 4 – if the oxidation numbers do not add up to zero, figure out how many of each ion you will need so that the oxidation numbers equal zero.
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VI. Writing Covalent Compound Formulas:      EXAMPLE:  diphosphorus pentaoxide = P2O5
a. Write the symbol for the first element in the name.

b. Add a subscript to match the prefix on that element in the name.

c. Write the symbol for the second element in the name.

d. Add a subscript to match the prefix on that element in the name.
VII. How to name ionic compounds
a. Write the name of the first element in the compound (if it is polyatomic consult a polyatomic ion chart)
b. Write the root name of the second element (if it is polyatomic consult a polyatomic ion chart)
c. Add the ending (suffix, example: ide)
VIII. How to name covalent compounds:        EXAMPLE:  CCl4 = carbon tetrachloride 
a. Write the name of the less electronegative element, which should be the first element in the compound formula.  Do NOT change the ending on the name.
b. Add a prefix to the name if there are two or more atoms of that element. (NOTE:  MONO- does NOT go on the first word.)
c. Write the root of the name of the more electronegative element, which should be the second element in the compound formula.  The ending should be changed to -ide.

d. Add a prefix to the name to match the number of atoms of the element in the compound formula.

1 = mono, 2 = di, 3 = tri, 4 = tetra, 5 = penta, 6 = hexa, 7 = hepta, 8 = octa, 9 = nona, 10 = deca
Vocabulary: Avogadro’s number, chemical bond, chemical formula, covalent bond, diatomic molecule, energy level, formula mass, ionic bond, monatomic ion, octet rule, polyatomic ion, react (chemical reaction), subscript, electron, ion, isotope, atom, element, molecule, compound, octet, coefficient, Lewis structure (electron dot diagram), chemical equation, molecular formula, empirical formula, hydrogen bond, metal bond, cation, anion, polar-covalent bond, nonpolar-covalent bond, polymer, single bond, double bond, triple bond, salt, physical change, chemical change, Bohr Model, ionization, oxidation number, valence electron, proton, neutron, nucleus, electrically neutral, electronegativity.
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