4.2 Covalent bonding(p148 to p154)
· Covalent bond is formed when electrons are shared
·  The relationship between bond strength and bond length
· What is meant by electronegativity
· Predict whether a bond will be polar or nonpolar

Understanding:
· A covalent bond is formed by the electrostatic attraction between a shared pair of electrons and the positively charged nuclei
· Definition:A covalent bond is the electrostatic attraction between a pair of electrons and positively charged nuclei(The attractive force between two nuclei and shared pairs of electrons due to overlap in their orbitals)
· It occurs when there is a high average electronegativity and a low difference in electronegativity between two atoms
· The formation of the covalent bond stabilizes the aoms so energy is released as the bond forms
· Definition:A molecule is a group of atoms held together by covalent bonds
· Two pairs of shared electrons=double bond
· Three pairs of shared electrons=triple bonds
· Bond length decreases and bond strength increases as the number of shared electrons increases-Increasing number of bonds=Shorter and stronger bonds
· Polar bonds form when the two atoms bonded together have different electronegativity values

Applications:
Deduction of the polar nature of a covalent bond from electronegativity values

Lewis(electron dot) Structure
· Shows all the valence electrons of the atoms or ions involved in a compound(They can e used to describe covalent and ionic compounds)
· It will show all electrons either as a bonding pair or a lone pair(from 4.3)
· Every covalent bond is characterized by two values
· The strength of attraction that the two nuclei have for the shared electrons affects both the length and strength of the bond
· Bond strength:Usually described in terms of bond enthalpy, and is effectively a measure of the energy required to break the bond (i.e. a triple bond is stronger than a double bond, which is stronger than a single bond)
· Bond Length: a measure of the distance between the two bonded nuclei(i.e.A single bond is longer than a double bond, which is longer than a triple bond)
· Multiple bonds have a greater number of shared electrons and so have a stronger force of electrostatic attraction between the bonded nuclei-There is a greater pulling power on the nuclei, bringing them closer together, becoming bonds

Bond Polarity-Polar bonds result from unequal sharing of electrons
[image: ]
· A bond is polar when there is a difference in electronegativity between the two atoms bonded
· A molecule will be polar if there is an overall polarity difference when you consider all the bonds and their orientation in a molecule
· The term dipole is often used in indicate the fact that this type of bond has two separated opposite electric charges
· Pure covalent-the only bonds that are truly non polar are bonds between the same atoms because the difference in electronegativity is zero
· All other bonds have some degree of polarity, although it may be very slight
· Electronegativity increases across a period 
· Electronegativity increases up a group

[image: ]
· The more polar the bond, the more like an ionic compound the molecule behaves
· Polar bonds are therefore considered to be intermediates in relation to pure covalent bonds and ionic bonds
[image: ]

4.3 Covalent structure(p156 to p 173)(跟4.2有些地方是差不多的）
· What is meant by a coordinate covalent bond
· Lewis structures for molecules and ions
· THe shapes of molecules and ions with up to four electron domains
· Predict bond angles in molecules and ions
· Whether a molecule will be polar or nonpolar
· Thestractures and bonding of giant covalent substances
· Explain the physical properties of giant covalent substances in terms of structure and bonding

Understandings:
· Lewis structures show all the valence electrons in a covalently bonded species
· Definition:Octet rule:The tendency of atoms to form a stable arrangement of eight electrons in their shell
· Coordinate bonds form when both the shared electrons originate from the same atom
· Some atoms (like Be and B), might form stable compounds with incomplete octets of electrons
· Exceptions to the octet rule include:-Less than an octet/incomplete octet(BeCl2, BF2) and Expanded octet-(PCL5, SF6)[image: ]
· Incomplete octet are said to be electron deficient and have a tendency to accept an electron pair from a molecule with a lone pairs
· Resonance structures occur when there is more than one possible position for a double bond in a molecule
· Shapes of species are determined by the repulsion of electron pairs according to VSEPR theory
· Definition:VSEPR theory refers to the total number of electron domains determines their geometrical arrangement by maximum repulsion, the shape of the molecule than depends on the number of bonding pairs within this arrangement(底下有更具体的）
· Carbon and silicon form giant covalent network covalent structures(Carbon, silicon and silicon dioxide)
· Carbon occurs as allotropes with different bonding within giant molecules(Diamond, graphite, fullerene and graphene






Applications:
· Deduction of Lewis(electron dot) structure of molecules and ions showing all valence electrons for up to four electron pairs on each atom. 
1. Calculate the total number of valence shell electrons in the molecule by multiplying the number of valence electrons of each element by the number of atoms of the element in the formula(then half it)
2. Draw the skeletal structure of the molecule
3. Put the dots(lone pairs) and lines(bonding pairs),  put the lewis structure in a square bracket with the charge shown outside if it is a Lewis structure of ions
4. Check that the total number of electrons in your finished structure is equal to your first step[image: ]
· The use of VSEPR theory to predict the electron domain geometry and the molecular geometry for species with two, three and four electron domains
· The shape of simple molecules and ions can be determined by using the valence shell electron pair repulsion theory
· This states that pairs of electrons arrange themselves around the central atom so that they are as far apart from each other as possible
· There will be greater repulsion between non bonded pairs of electrons than between bounded pairs
· Prediction of bond angles from molecular geometry and presence of nonbonding pairs of electrons
· Basic molecular shapes
· There are five basic molecular geometries:Linear, trigonal planar, tetrahedral,( trigonal bipyramidal and octahedral)[image: ]
· Molecules with three electron domains will position then at 120 to each other giving a triangular planar shape to the electron domain geometry
· If there are lone pairs on the central atom the electron domain geometry and molecular geometry will not be the same as each other[image: ][image: ]
· Molecules with four electron domains will position them at 109.5 to each other, giving a tetrahedral shape to the electron domains
· If all four electron domains are bonding, the shape of the molecule will also be tetrahedral
· Steps to work out the shape of a molecule:
· [image: ][image: ]
· Prediction of molecular polarity from bond polarity and molecular geometry
· The polarity of a molecule depends on:
· THe polar bonds that it contains
· The way in which such polar bonds are orientated on the shape of the molecule
· Non polar-If the bonds are equal polarity and are arranged symmetrically with respect to each other, their charge separations will oppose each other and so will effectively cancel each other out(think about tug-of-war 就是拔河辣, 如果是non-polar，那两边力量是一样的，如果是polar， 一边力量比另一边强）
· Polar-If either the molecule contains bonds of different polarity, or its bonds and not symmetrically arranged, then the dipoles will not cancel out, and the molecule will be polar
· Deduction of resonance structures, examples include but are not limited to C6H6, CO3 and O3
· Explanation of the properties of giant covalent compounds in terms of their structures
· Most covalent substances exist as discrete molecules with a finite number of atoms
· Definition of allotropes:Different molecular or crystalline structures of an element
· Definition of giant/macro molecular structure:When the crystal is a single molecule with a regular repeating pattern of covalent bonds, so no finite size(这个具体看booklet, 课本里也有）
· Definition of covalent layer lattices: Countless atoms are bonded together in two dimensions forming sheets known as covalent layer lattices
· Graphene
· Silicon 
· Silicon dioxide

· Properties of giant covalent structures
· The strong covalent bonds extend between all atoms throughout the solid, their physical properties are determined by the nature of the strong covalent bonds
· Hard, because strong covalent bonds hold all the atoms in place(except for layers in graphite)
· High melting and boiling points, because a large amount of thermal energy is needed to break all strong covalent bonds holding the atoms in place.
· Totally insoluble in water and other polar solvents
· Non conductors of electricity-owing the absence of delocalized electrons or mobile ions (except in graphite and graphene-electrons move between layers)
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Steps to work out the shape of a molecule. ..
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Draw the Lewis structure

Count the total number of el

tron domains on the central atom.
Determine the electron domain geometry as follows:

* 2 electron domains linear

* 3 electron domains triangular planar

* 4 electron domains tetrahedral

Determine the molecular geometzy from the number of bonding electron
domains.

Consider the extra repulsion caused by the lone pairs and adjust the bond angles
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