Unit 2 – Bonding and Structure
Ionic Bonding
· Ions are charged atoms. They are formed when electrons are transferred from one atom to another. They can be positively charged or negatively charged.
· You can find out what kind of ion an atom from an element forms by looking at it’s group number. For example, if it’s from group 1, it would form a +1 ion, and if it’s from group 7 it would form a -1 ion, and so on. The charge also tells how many electrons they have lose or gained.
· If it’s a positive charge, they have lost that number of electrons.
· If it’s a negative charge, they have gained that number of electrons.
· Ionic bonding is simply when ions are stuck together due to electrostatic attraction, which is created by the attraction of the opposite forces. 
· The ionic bonding is affected by the ionic charges and the ionic radii. 
· The greater the charge on an ion, the stronger the ionic bond, so greater the melting/boiling points.
· Smaller ions can generally be closer to together than larger ions. This is because electrostatic force gets weaker with distance, so the outer electrons are attracted more to the nucleus in smaller ions, than bigger ions. 
· This means that ionic compounds formed by smaller ions have greater melting/boiling points, and so stronger ionic bonding. 
· The ionic radii changes distance as you move across the periodic table.
· It increases as you go down the group simply because more shells are added, hence the general distance is greater.
· It decreases across a group, because the number of outer electrons stays the same, but the number of protons (in nucleus) increases. This means that there is greater attraction, so the outer electrons are pilled closer near the nucleus, so atomic radii decrease.
· [image: Image result for dot and cross diagram for ionic bonding]Dots and Crosses can be used to show the electron exchanges in ionic bonds. Below is an example of one. The charge of the ion is normally at the top of the atom, which is enclaved in a square shape:






· Ionic compounds form Giant Ionic Lattice structures.
· It forms because each ion is electrostatically attracted in all directions equally with the ions of opposite charge.
· This means that a large structure can be created on this basis and it can be very large.
Covalent Bonding
· Covalent bonding is when electrons are directly shared between atoms and it doesn’t create ions or anything linked to charges.
· [image: Image result for dot and cross diagram for covalent bonding]Their bonding can also be represented by dot and cross diagram and the aim of a covalent bond is to gain a full electron outer shell, such as one below:





· Bond enthalpy is the name given to the energy needed to break bonds. The bond enthalpy is also related to the length of a bond.
· If more electrons are shared in a single covalent bond, it means that more electrons are attracted to the nucleus of the two atoms (equally). This means that the bond length decreases.
· This creates more attraction, and so the energy required to break that bond is greater, therefore, the bond enthalpy is greater. 
· Dative covalent bond if like the idea of sharing electrons, however in a pair of electron that is shared, both are given to by the same atom. For example, NH4+ is formed by dative covalent bond. It occurs where the centre nitrogen atoms share two of its electrons with hydrogen, and none is shared by hydrogen’s side (one of the N-H bonds). Below is the structure:
[image: Image result for nh4+ dot and cross]








· Dative bonding is also known as coordinate bonding. 
· Sometimes in covalent bonding, the centre atom doesn’t always have full outer electrons, however if you add more molecules, it can gain full centre atom by dative bonding.

Shapes of Molecules
· The shape of a molecule is dependent on the number of electron pairs being bonded and the number of lone pair of electrons around the central atom.
· Electron pairs repel each other due to the general idea that negatives attract each other. 
· This means that subsequently, in the central atom, if it is bonded to 2 other atoms, with no lone pairs, it will ensure that the 2 bonded atoms are far away from each other as possible, due to repulsion.
· This creates a 180-degree angle in between them.
· Lone pairs repel more than the bonded pairs.
· This means that in a case of both lone pairs and bonded pairs being visible, the bonded pairs will come closer to each other by approximately 2.5 degrees. This is because the lone pairs create more repulsion than the bonded pairs.
· Names are given to the shapes of molecules.
· If there are two electron pairs around the central atom, with no lone pairs (CO), then it’s called a linear molecule.
· If there are 3 electron pairs around a central atom, with no lone pairs, then it’s considered a trigonal planar. (angle of 120 degrees)
· If one of the bonds is replaced by a lone pair of electron (SO), which occurs due to double covalent bonding, then it’s called non-linear or more known as bent.
· If there are 4 electron pairs around a central atom, with no lone pairs, it’s called a tetrahedral shape (angle of 109.5 degrees.)
· If one of the bonds are replaced by a lone pair, then it’s called a trigonal pyramidal.
· If two of the bonds are replaced by a lone pair(s), then it’s called a non-linear, or bent, since it’s same shape as a central atom with two bonds and a lone pair, however angle caused by the two bonds is smaller.
· If there are 6 electron pairs around a central atom, then it’s called an octahedral, and the angle made by the bonds are 90 degrees.
· If one of the pairs are replaced by a lone pair, it’s called a square pyramidal.
· If two of the pairs are replaced by lone pairs, it’s called a square planer
· If there are 6 electron pairs around a central atom, then it’s called a trigonal bipyramidal. 
· If one of the bonds is replaced by a lone pair, it’s called a seesaw shape.
· If two of the bonds is replaced by lone pairs, it’s called a distorted T.
· When molecules are drawn, certain forms of structure are used to represent the angle of the bonds.
· If the atom in a bond is facing towards you, then you show it using a wedge shape, instead of a line.
· If the atom in a bond if facing away from you, then you show it using a dashed line, instead of a line.
Giant Covalent Structures:
· Covalent bonds can lead to giant lattices. 
· Carbon and silicon tend to form these large structures.
· Diamond is made purely from carbon and is known as the strongest structure.
· Each carbon atom is covalently bonded to 4 other carbon’s in a tetrahedral arrangement.
· Silicon dioxide (SiO2) is made from a similar structure to diamond, but with oxygen atoms between each silicon atom.
· Structures made from these bonds have very high melting points, because a lot of energy is needed to break a lot of covalent bonds.
· They are very hard due to the strong bonds.
· They are good thermal conductions due to the vibrations being able to travel between them quickly.
· They are insoluble, because they are non-polar.
· They cannot conduct electricity since there are no ions to carry any charge.
· Graphite is a material made from giant covalent structures. 
· It is where a carbon is bonded to 3 other carbon atoms and instead of a giant continuous structure, it forms layers.
· This makes it useful in pencils since the layers can slide off and the remains create the visual effect.
· They can also conduct electricity since they are only bonded to 3 carbons each, leaving an electron free to move and carry charge between the sheets.
· One layer of the graphite molecule is called a graphene.
Electronegatively and Polarisation
· In covalent bonds, (2 atoms bonded), one of the atoms can attract the shared electrons closer to it’s nucleus than the other.
· This is due to the difference is electronegativity of the two atoms.
· Atoms of an element are given a general electronegativity value.
· Electronegativity is the name given to the ability of an atom to attract the bonding electrons.
· In a simple bond, if one of the atom has a greater electronegativity than the other, then the one with the greater electronegativity will pull the bonded pairs closer to its nucleus.
· This means that it is polar.
· It also means that one of the bonds is δ+, which is the one with the higher electronegativity value, and the lower value is given δ-.
· Diatomic molecules and bonds with no overall difference in the electronegativity means that they will not be polar.
· In a polar bond, a dipole is created, due to difference in charge between the atoms.
· Sometimes even with polar bonds, you don’t always get polar molecules.
· This is because if the polar bonds are arranged in opposite directions, they essentially “cancel” out, meaning that the molecule is non-polar overall.
· If, however, the polar bonds all face in the same direction (roughly) then the molecule will still be polar, even though one of them might face the opposite (meaning no cancellation).

Intermolecular Forces
· There are three types of intermolecular forces:
· London forces (instantaneous dipole – instantaneous dipole)
· Permanent dipole – permanent dipole
· Hydrogen bonds.
· All atoms and molecules form London forces, since it requires electrons (and essentially, all of them have electrons.)
· They are caused in due to the split-second movement of the electrons in the orbital, causing two electrons to be on the same side for a split second.
· This creates an imbalance in the charges inside the atom, causing one side of it to be negatively charges, and one side to be positively charges.
· When two atoms undergo this, a force is induced from one of the positive sides to the negative side on another one.
· This happens again and again, meaning that the dipoles are being made and destroyed, however the overall effect is attraction.
· Polar molecules have permanent dipole – permanent dipole bonds. 
· This means that they can cause a week electrostatic force of attraction, since one of the bonded atoms would be a δ+ and the other would be a δ-. The δ+ from one molecule would be attracted to the δ- on the other molecule and it would create an intermolecular force.
· It’s like London forces, however the dipoles are permanent instead.
· Generally, if a molecule has permanent dipole – permanent dipole, it means it will also have London forces (since it has electrons), and this means that it’s twice as strong in terms of intermolecular forces.
· Hydrogen bonding is a form of intermolecular force, and it is the strongest.
· It happens under certain conditions.
· It only occurs when hydrogen is covalently bonded to either fluorine, nitrogen or oxygen.
· This is because when hydrogen is bonded to one of those atoms, there is a very large value in the electronegativity difference.
· This means that it is polar, but at a great value.
· Therefore, it’s like the idea of permanent dipole – permanent dipole interactions, however, it is stronger. 
· Similarly, molecules with hydrogen bonding will also have the other 2 intermolecular forces, making those molecules very strong. 



Solubility
· The solubility of a substance is decided by bonding.
· For a substance to dissolve in another, there are certain conditions which must be met.
· The bonds in the substance must break.
· Bonds in the solvents must break.
· The broken bonds must be replaced by new bonds made between the solvent and the substance.
· Once these are all met, then we can conclude that the substance has dissolved. 
· Ionic substances tend to dissolve in polar solvents, such as water.
· When an ionic substance is mixed with water, the ions are attracted to the opposite charged ends on the polar substance.
· This makes them pull away from their original substance and be attracted to the solvent’s molecules. 
· This is known as hydration.
· If the ions are too strong however, then the ions will not move away from their original molecule.
· Alcohols have O-H polar bonds, which means they will dissolve in polar substances such as water. 
· This is because hydrogen bonds are made.
· Sometimes a molecule might have polar bonds, however they might too strong to form hydrogen bonds with water, therefore certain molecules with polar bonds cannot dissolve in water.
· [bookmark: _GoBack]Non-polar bonds, like polar bonds, dissolve best in non-polar solvents, due to the intermolecular forces, which they can form.
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