Work of Hamza (Mathemagician)

Topic 1.3


Topic 1.3: Structure and bonding
Learny bits: -

1. Chemical bonds: -

1. Ionic – between separate ions

2. Covalent: divided into 2 types

· polar covalent where the bonding pair of electrons is       nearer to one atom

· Pure covalent where the bonding pair of electrons is shared equally

· Metallic- bonding caused by electrons delocalised throughout the solid 
2. Intermolecular forces (BETWEEN covalent molecules)

· Hydrogen bonds: Between δ+ H in one molecule and δ- F,O or N in another molecule
· Dispersion forces: between all molecules. Their strength depends upon the number of electrons in the molecule.
· Dipole/dipole forces (aka Van Der Waals): between δ+ in one molecule and δ- in another molecule.
Definitions ((! More…): -

· An Ionic bond is the electrostatic attraction that occurs between an atom that has lost one or several electrons- the cation- and one that has gained one or several electrons- the anion.

· A covalent bond occurs when 2 atoms share a pair of electrons. It results from the overlap of an orbital containing one electron belonging to one atom with an orbital that contains one electron that belongs to the other atom.
***The overlap can be head on, which results in a sigma bond (σ), or SIDE by SIDE, which results in a pi (π) bond.***  

Bonding orbitals are molecular orbitals formed by the bonding of two or more atoms.  Common bonds are between s, p, sp3 hybrid or sp2 hybrid orbitals.
There are two types:- 1) Sigma  s and 2) Pi  p 

1) A Sigma bond or a Sigma molecular orbital is formed by the single overlap of 2 s-orbitals, 2 p-orbitals or s and p orbitals overlapping, these are shown in the diagrams below. 
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· A dative covalent bond is a covalent bond formed when one of the overlapping orbitals contained 2 electrons, and the other none.

· A metallic bond results from the delocalisation of the outer electrons amongst all the atoms. It can be regarded as a “sea” of electrons able to move amongst a regular array of positive metal ions.

· The electronegativity of an element is a measure of the attraction its atom has for a pair of electrons in a covalent bond.

· A hydrogen bond is an intermolecular force that exists between a δ+ hydrogen atom in one molecule and a δ- fluorine, oxygen or nitrogen atom in another molecule.
· Van der Waals forces are between covalent molecules and are caused by dipole/dipole and induced dipole/dipole (dispersion) forces.
Understandy bits: -

·   Ionic bonding

· An ionic bond is likely if there is a large difference (>1.5) in the electronegativities of the 2 atoms

· Cations with a small radius and/or a high charge have a large charge density, and so are very polarising. Anions with a large radius and/or high charge are very polarisable, the outer electrons in the anion will be pulled towards the cation and the bond will have some covalent character

· Ionic bonding gives rise to an ionic lattice.

· An ionic bond is, on average, the same strength as a covalent bond.

·  Covalent bonding

These are either:
· Giant atomic, such as diamond, graphite and quartz
· Simple molecular, such as iodine and many organic molecules

· Hydrogen-bonded molecular, such as ice and ethanol

· Non-crystalline such as polymers
·  Effect of heat (melting) 
**** It is quite possible that you will be asked something related to this in the exam!!****

· When a solid is heated from room temperature until it melts:

· The particles (ions, molecules or atoms) vibrate more.
***NEVER say that particles start to vibrate…as they are vibrating even at low temperature!!***
· As the temperature rises, the vibrations increase until they become so great that that the forces between the particles are overcome, and the regular arrangement in the lattice breaks up. The substance is now a liquid (yay).

· In an ionic solid, such as NaCl, the vibrating particles are ions which are held by strong forces of attraction, and so the ionic solid has a high melting temp.

· In a simple molecular solid, such as iodine, or ice, the vibrating particles are molecules which are held by weak Van der Waals or hydrogen bonding forces of attraction, and so the solid has a low melting temperature.

· In a giant atomic solid such as diamond, the vibrating particles are atoms which are held by strong covalent bonds, and so the solid has very high melting temperature.

***basically, the stronger the force between particles, the higher the melting temperature***
Intermolecular forces

· The strongest intermolecular force is hydrogen bonding. The next strongest are induced dipole/dipole forces and, in most cases, the weakest are Wan der Waals forces.
· The strength of dispersion forces depends mainly upon the no. of electrons in the molecule. This is why iodine, with 106 electrons is a solid whereas chlorine, with 34, is a gas. 

· This explains the trend in boiling temp. of the noble gases as the dispersion forces are less in helium than in neon than in argon etc…… Likewise the boiling temp. of the group 4 hydrides increase in Group from CH4 to PbH4. 

· The boiling temperature of the hydrides of Groups 5,6 and 7 can also be explained (lucky us :D) Because there is hydrogen bonding between HF molecules but not between the other hydrides in the group, HF has the highest boiling temperature. After the drop, to HCl (in spite of a decrease in the dipole/dipole forces) because the dispersion forces increase.
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· If the number of electrons in 2 different substances is about equal and neither has hydrogen bonds, then dipole/dipole forces cause a difference in boiling temperature. This is the case between butane (34 electrons, non-polar, boiling temp = -0.5 deg Celsius) and propanone (32 electrons, but polar, so boiling temperature + 56.2 deg Celsius).
****above = possible exam question****
DO visit the following website as bonding angles are explained there very well (with a nice table too () at the end of the page: -
http://www.wbateman.demon.co.uk/asa2sums/sum1.3/sum1.3.htm 
-Mathemagician
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