                                                     Ch. 8 Covalent Bonds

8.1 Molecular Compounds
Covalent bonds hold atoms together by sharing electrons.
Molecule – a neutral group of atoms joined together by covalent bonds.
Diatomic molecule – a molecule consisting of 2 atoms.

Molecular Compound – a compound composed of molecules.

    Molecules of a given compound are identical.

    Most molecular compounds are composed of 2 or more nonmetals.

    Molecular compounds have lower melting  and boiling points than ionic compounds.
    Molecular Formulas show how many atoms of each element are in the compound. 

    Formulas do not show how the atoms are arranged in space.
8.2 The Nature of Covalent Bonds
Octet Rule – in covalent bonds, electron-sharing occurs so the atoms attain the electron   

     configuration of the noble gases.

Single Covalent Bonds

     2 atoms are held together through sharing a single pair of electrons.

     The electron dot structure (ex. H : H) represents a shared pair of electrons as two 
     dots.

     A structural diagram (ex. H ─ H ) shows  the shared pair of electrons as a dash.

     Valence electron pairs that are not shared  between atoms are shown as 2 dots, called   

      unshared pairs, lone pairs, or non-bonding pairs.

Carbon

     Carbon contains 2s and 2p valence electrons.

     One of the s electrons jumps to the 3rd p-orbital allowing C to form 4 covalent bonds 
      (ex. CH4).  This is a very stable arrangement.
Double and Triple Covalent Bonds

     Atoms can form double or triple covalent bonds by sharing 2 or 3 pairs of electrons 
      to attain a noble gas configuration.

      Double or triple bonds are stronger than single bonds.
Coordinate Covalent Bonds

One atom sometimes contributes both of the bonding electrons.

The shared pair comes from one atom.
Polyatomic Ions
     Polyatomic ions are tightly bound groups of atoms with a positive or negative 
     charge.

     Most contain covalent or coordinate covalent bonds, therefore most will have both 
     ionic and covalent bonding.
Bond Dissociation Energies
     Bond dissociation energy is the amount of energy needed to break one mole of 
     covalent bonds.

     A large bond dissociation energy corresponds to a strong covalent bond.

     Bonded atoms are more stable than atoms alone.
Resonance

     Electron pairs can move back and forth (resonate) between different electron-dot 
     structures.

     Double-headed arrows indicate resonance.

Resonance Structure

     A structure that occurs when 2 or more valid electron-dot structures of an ion or 
     molecule (same number of electron pairs) can be drawn.
Exceptions to the Octet Rule

     The octet rule cannot be met in molecules whose total number of electrons is an odd 
     number. 

     There are some molecules in which an atom may have more or less than an octet of 
     electrons.
8.3 Bonding Theories
Molecular Orbits
     When 2 or more atoms combine their atomic orbitals overlap to produce molecular 
      orbitals.

     A molecular orbital belongs to the whole molecule.
     Two electrons are required to fill a molecular orbital.
     A molecular orbital occupied by two electrons of a covalent bond is called a bonding     

     orbital.
Sigma Bonds σ
     Bonds formed when two atomic orbitals form a molecular orbital around the axis  

     that connects the two atoms at the nuclei are called sigma bonds.
     P-orbitals may also overlap end-to-end to produce a bonding molecular orbital   

     symmetrical to the bonding axis.
Pi Bonds π
     P-orbitals overlap side-by-side, producing pi-molecular orbitals.

     The bonding electrons will most likely be found in regions above and below the  

     bonding axis.

     Pi-bonds are not symmetrical around the bonding axis, therefore are not as strong as  

     sigma bonds. 

VSEPR Theory “Valence-Shell Electron Pair Repulsion Theory”
     The repulsion between electron pairs causes molecular shapes to adjust so the  

     valence electron pairs are as far apart as possible.

     Unshared valence electron pairs are not pulled by another atom, therefore they are   

     held closer to an atom than its shared electron pairs.

     Unshared pairs strongly repel shared electron pairs and push them away.
Hybridization
     Single-Bonds – In carbon, one of the s-electrons moves to a p-orbital, allowing  

     carbon to form four bonds called an sp3 hybrid orbital.  This molecule has a 
     tetrahedral shape with bond angles of 109.5°.
     sp3 hybrids extend further into space than either the s- or the p-orbitals, allowing   

     greater overlap of the s-orbitals of H.  This produces unusually strong hydrogen 
     bonds.

     Double Bonds - H=C=H has a bond angle of 120° (ex. Ethene). The pi bond is more   

     likely to break than the sigma bond.

     Triple Bonds (ex. Ethyne C2H2) there are two sp hybrids for each C atom.  This has 
     3 sigma bonds and 2 pi bonds.
8.4 Polar Bonds And Molecules
     Bond Polarity – Bond pairs of electrons are pulled between the nuclei of the atoms 
     sharing the electrons. If the sharing of electrons is equal, a non-polar covalent bond 
     is formed   (ex. O2, H2).

     If the electrons are not shared equally, a polar covalent bond is formed.

     The more EN atom attracts the electrons more strongly and gains a slightly negative    

     charge.

     The less EN atom gains a slight positive charge.

     The difference in EN of the atoms determines the type of bond.

EN chart p. 238.
Polar Molecules
     Polar bonds often make the entire molecule polar.  In a polar molecule, one end is  

     positive, the other negative.

    A dipolar (dipole) molecule has two poles.

    When polar molecules are placed between oppositely charged plates, they orient with  

     respect to the + and - plates.

    The effect of polar bonds depends on the shape of the molecule and the orientation    

    of the polar bonds.

    Polar bonds along the same axis cancel out (ex. CO2  O=C=O).

    Polar bonds on bent molecules give a polar molecule (ex. Water)                                                       
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Attraction Between Molecules

     Intermolecular attractions are weaker than either covalent or ionic bonds but they 
    determine whether a molecule is a gas, a liquid, or a solid.
Van der Waals Forces

     The two weakest attractions between molecules are:

1. Dipole Interactions – polar molecules are attracted to each other by their    

      oppositely charged regions.  This is similar to ionic bonds but weaker.

2. Dispersion Forces – The weakest molecular interactions – the electrons of one 
      molecule push the electrons of another molecule to the far side; the two 
      molecules are then slightly attracted to each other.

           The strength of dispersion forces increases with the number of electrons.

           Ex.  Br2 is liquid at room temp while I2 is solid.
Hydrogen Bonds

    Water molecules are highly polar.

     The O end has a slight negative charge (O has a greater EN) while the H end has a   

     slight positive charge.

     Hydrogen ends are attracted to O end of another molecule.                                     
     This relatively strong attraction (found in other H-containing molecules) is called a  

     Hydrogen Bond.

     H-bonds are the attractive forces between a H covalently bonded to a very EN atom  

     and weakly bonded to the unshared electron pair of another EN atom.

     There must be a covalent bond between H and the highly EN atom for a H bond to 
     form.

     Hydrogen bonds are relatively strong, the strongest of intermolecular forces.

     Hydrogen bonds determine the properties of water and biological molecules.
Intermolecular Attractions and Molecular Properties
     The physical  properties of covalent compounds depend on intermolecular  

     attractions.

     Melting and boiling points are lower compared to ionic compounds except in  

     network solids (all atoms are covalently bonded to each other).
Network Solids

     Melting a network solid requires breaking covalent bonds throughout the solid     

     (ex. Diamond).

      Some network solids never melt, they just vaporize.
P. 244 Characteristics of Ionic and Covalent Compounds.
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