Molecular Structures
Molecules are made of fixed numbers of atoms joined together by covalent bonds, and can range from the very small
(even down to single atoms, as in the noble gases) to the very large (as in polymers, proteins or even DNA). The
covalent bonds holding the molecules together are very strong, but these are largely irrelevant to the physical
properties of the substance. Physical properties are governed by the intermolecular forces - forces attracting one
molecule to itsneighbors - van der Waals attractions or hydrogen bonds.

Melting and boiling points
Molecular substances tend to be gases, liquids or low melting point solids, because the intermolecular forces of
attraction are comparatively weak. You don't have to break any covalent bonds in order to melt or boil a molecular
substance. The size of the melting or boiling point will depend on the strength of the intermolecular forces. The
presence of hydrogen bonding will lift the melting and boiling points. The larger the molecule the more van der Waals
attractions are possible - and those will also need more energy to break.

Solubility in water
Most molecular substances are insoluble (or only very sparingly soluble) in water. Those which do dissolve often
react with the water, or else are capable of forming hydrogen bonds with the water.

Why doesn't methane dissolve in water?
The methane, CH4, itself is not the problem. Methane is a gas, and so its molecules are already separate - the water
doesn't need to pull them apart from one another. The problem is the hydrogen bonds between the water molecules.
If methane were to dissolve, it would have to force its way between water molecules and so break hydrogen bonds.
That costs a reasonable amount of energy.
The only attractions possible between methane and water molecules are the much weaker van der Waals forces and not much energy is released when these are set up. It simply isn't energetically profitable for the methane and
water to mix.

Why does ammonia dissolve in water?
Ammonia has the ability to form hydrogen bonds. When the hydrogen bonds between water molecules are broken,
they can be replaced by equivalent bonds between water and ammonia molecules. Some of the ammonia also reacts
with the water to produce ammonium ions and hydroxide ions.

NH3+H2O⇌NH+4+OH−
The reversible arrows show that the reaction doesn't go to completion. At any one time only about 1% of the
ammonia has actually reacted to form ammonium ions. The solubility of ammonia is mainly due to the hydrogen
bonding and not the reaction. Other common substances which are freely soluble in water because they can
hydrogen bond with water molecules include ethanol (alcohol) and sucrose (sugar).

Solubility in organic solvents
Molecular substances are often soluble in organic solvents - which are themselves molecular. Both the solute (the
substance which is dissolving) and the solvent are likely to have molecules attracted to each other by van der Waals
forces. Although these attractions will be disrupted when they mix, they are replaced by similar ones between the two
different sorts of molecules.

Electrical conductivity
Molecular substances will not conduct electricity. Even in cases where electrons may be delocalized within a
particular molecule, there isn't sufficient contact between the molecules to allow the electrons to move through the
whole solid or liquid.

Example 1: Iodine (I2)
Iodine is a dark grey crystalline solid with a purple vapor. M.Pt: 114°C. B.Pt: 184°C. It is very, very slightly soluble in
water,
but dissolves freely in organic solvents. Iodine is therefore a low melting point solid. The crystallinity suggests a regular
packing
of the molecules.

The structure is described as face centered cubic - it is a cube of iodine molecules with another molecule at the center
of each fac
e. The orientation of the iodine molecules within this structure is quite difficult to draw (let alone remember!). If your
syllabus and past exam papers suggests that you need to remember it, look carefully at the next sequence of diagrams
showing
the layers.

Notice that as you look down on the cube, all the molecules on the left and right hand sides are aligned the same way.
The ones in the middle are aligned in the opposite way. All these diagrams show an "exploded" view of the crystal.
The iodine molecules are, of course, touching each other. Measurements of the distances between the centres of the
atoms
in the crystal show two different values:

The iodine atoms within each molecule are pulled closely together by the covalent bond. The van der Waals attraction
between the molecules is much weaker, and you can think of the atoms in two separate molecules as just loosely
touching
each other.

Example 2: Ice (H2O)
Ice is a good example of a hydrogen bonded solid. There are lots of different ways that the water molecules can be
arranged in ice. This is one of them, but NOT the common one. The one below is known as "cubic ice", or "ice Ic". It is
based on the water molecules arranged in a diamond structure.

This is just a small part of a structure which extends over huge numbers of molecules in three dimensions. In the
diagram, the lines represent hydrogen bonds. The lone pairs that the hydrogen atoms are attracted to are left out for
clarity. Cubic ice is only stable at temperatures below -80°C. The ice you are familiar with has a different, hexagonal
structure. It is called "ice Ih".

The unusual density behavior of water
The hydrogen bonding forces a rather open structure on the ice - if you made a model of it, you would find a significant
amount of wasted space. When ice melts, the structure breaks down and the molecules tend to fill up this wasted
space. This means that the water formed takes up less space than the original ice. Ice is a very unusual solid in this
respect - most solids show an increase in volume on melting.
When water freezes, the opposite happens - there is an expansion as the hydrogen bonded structure establishes. Most
liquids contract on freezing. Remnants of the rigid hydrogen bonded structure are still present in very cold liquid water,
and don't finally disappear until 4°C. From 0°C to 4°C, the density of water increases as the molecules free themselves
from the open structure and take up less space. After 4°C, the thermal motion of the molecules causes them to move
apart and the density falls. That's the normal behavior with liquids on heating.

Polymers
Polymers like poly(ethene) - commonly called polythene - consist of very long molecules. Poly(ethene) molecules are
made by joining up lots of ethene molecules into chains of covalently bound carbon atoms with hydrogens attached.
There may be short branches along the main chain, also consisting of carbon chains with attached hydrogens. The
molecules are attracted to each other in the solid by vanderWaals dispersion forces. By controlling the conditions
under which ethene is polymerized, it is possible to control the amount of branching to give two distinct types of
polythene.

High density polythene
High density polythene has virtually unbranched chains. The lack of branching allows molecules to lie close together
in a regular way which is almost crystalline. Because the molecules lie close together, dispersion forces are more
effective, and so the plastic is relatively strong and has a somewhat higher melting point than low density
polythene. High density polythene is used for containers for household chemicals like washing-up liquid, for example,
or for bowls or buckets.

Low density polythene
Low density polythene has lots of short branches along the chain. These branches prevent the chains from lying
close together in a tidy arrangement. As a result dispersion forces are less and the plastic is weaker and has a lower
melting point. Its density is lower, of course, because of the wasted space within the unevenly packed structure. Low
density polythene is used for things like plastic bags.
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