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Intermolecular Forces 

Four types of force can operate between covalent molecules:  

 Instantaneous dipole attraction (Dispersion Forces)  

also known as London Forces (named after Fritz London who first described these 

forces theoretically 1930) or as Weak Intermolecular Forces or as van der Waal's 

Forces (namd after the person who contributed to our understanding of non-ideal 

gas behaviour).  

 Dipole–induced-dipole attraction 

 Dipole-dipole interactions  

 Hydrogen bonds  

Relative strength of Intermolecular Forces:  

 Intermolecular forces (dispersion forces, dipole–induced-dipole attraction, dipole-

dipole interactions and hydrogen bonds) are much weaker than intramolecular 

forces (covalent bonds, ionic bonds or metallic bonds)  

 dispersion forces are the weakest intermolecular force (one hundredth-one 

thousandth the strength of a covalent bond), hydrogen bonds are the strongest 

intermolecular force (about one-tenth the strength of a covalent bond).  

Instantaneous dipole attraction < Dipole–induced-dipole interaction < dipole-dipole interactions < hydrogen bonds 

Dipole-dipole Interactions 

 are stronger intermolecular forces than Dispersion forces  

 occur between molecules that have permanent net dipoles (polar molecules), for 

example, dipole-dipole interactions occur between SCl2 molecules, PCl3 

molecules and CH3Cl molecules.  

If the permanent net dipole within the polar molecules results from a covalent 

bond between a hydrogen atom and either fluorine, oxygen or nitrogen, the 

resulting intermolecular force is referred to as a hydrogen bond (see below).  

 The partial positive charge on one molecule is electrostatically attracted to the 

partial negative charge on a neighbouring molecule.  
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Dispersion Forces (London Forces, Weak Intermolecular Forces, van der 

Waal's Forces) 

 are very weak forces of attraction between molecules resulting from: 

1. momentary dipoles occurring due to uneven electron distributions in neighbouring 

molecules as they approach one another  

2. the weak residual attraction of the nuclei in one molecule for the electrons in a 

neighbouring molecule.  

 The more electrons that are present in the molecule, the stronger the dispersion 

forces will be.  

 Dispersion forces are the only type of intermolecular force operating between 

non-polar molecules, for example, dispersion forces operate between hydrogen 

(H2) molecules, chlorine (Cl2) molecules, carbon dioxide (CO2) molecules, 

dinitrogen tetroxide (N2O4) molecules and methane (CH4) molecules.  
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Hydrogen bonds 

 occur between molecules that have a permanent net dipole resulting from 

hydrogen being covalently bonded to either fluorine, oxygen or nitrogen. For 

example, hydrogen bonds operate between water (H2O) molecules, ammonia 

(NH3) molecules, hydrogen fluoride (HF) molecules, hydrogen peroxide (H2O2) 

molecules, alkanols (alcohols) such as methanol (CH3OH) molecules, and 

between alkanoic (caboxylic) acids such as ethanoic (acetic) acid (CH3COOH) 

and between organic amines such as methanamine (methyl amine, CH3NH2).  

 

 are a stronger intermolecular force than either Dispersion forces or dipole-dipole 

interactions since the hydrogen nucleus is extremely small and positively charged 

and fluorine, oxygen and nitrogen being very electronegative so that the electron 

on the hydrogen atom is strongly attracted to the fluorine, oxygen or nitrogen 

atom, leaving a highly localised positive charge on the hydrogen atom and highly 

negative localised charge on the fluorine, oxygen or nitrogen atom. This means 

the electrostatic attraction between these molecules will be greater than for the 

polar molecules that do not have hydrogen covalently bonded to either fluorine, 

oxygen or nitrogen.  

   

https://en.wikipedia.org/wiki/File:Acetic_Acid_Hydrogenbridge_V.1.svg
https://en.wikipedia.org/wiki/File:3D_model_hydrogen_bonds_in_water.svg
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Dipole–induced-dipole interaction 

 The second type of attractive interaction, the dipole–induced-dipole interaction, 

also depends on the presence of a polar molecule. The second participating 

molecule need not be polar; but, if it is polar, then this interaction augments the 

dipole–dipole interaction described above. In the dipole–induced-dipole 

interaction, the presence of the partial charges of the polar molecule causes a 

polarization, or distortion, of the electron distribution of the other molecule. As a 

result of this distortion, the second molecule acquires regions of partial positive 

and negative charge, and thus it becomes polar. The partial charges so formed 

behave just like those 

 

Another example would be an O2 that meets water. The electrons in the O2 molecule all 

move to the opposite side of each atom, away from the negatively charged Oxygen in 

H2O, thus leaving a slightly negative charge on the side away from the H2O molecule and 

a slightly positive charge towards the H2O molecule. The positive attract the negative 

electrons in the water. 

 

The hydrogen bond can be illustrated by comparing physical properties of: H2O and H2S, 

HF and HCl, NH3 and PH3, CH3OCH3 and C2H5OH, C3H8, CH3CHO and C2H5OH. 

Effect of Intermolecular forces on melting and boiling 

points of molecular covalent substances: 

Describe and explain how intermolecular forces affect the boiling points of substances.  

Since melting or boiling result from a progressive weakening of the attractive forces 

between the covalent molecules, the stronger the intermolecular force is, the more energy 

is required to melt the solid or boil the liquid. 
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a) Compare and comment on the b.p. and m.p. of n-pentane, 2-methylbutane and 2,2-

dimethylpropane, with explanations. 

b) Hydrocarbons with 4 or less C are normally gases at r.t.p. 

2,2-dimethylpropane is an exception. What is its physical state at r.t.p.? Explain for this 

exceptional behavior. 

If only dispersion forces are present, then the 

more electrons the molecule has (and 

consequently the more mass it has) the stronger 

the dispersion forces will be, so the higher the 

melting and boiling points will be.  

Consider the hydrides of Group IV, all of which 

are non-polar molecules, so only dispersion 

forces act between the molecules.  

 

CH4 (molecular mass ~ 16), SiH4 (molecular 

mass ~ 32), GeH4 (molecular mass ~ 77) and 

SnH4 (molecular mass ~ 123) can all be 

considered non-polar covalent molecules. 

 

 

 Boiling Points of Group IV Hydrides 
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As the mass of the molecules increases, so does 

the strength of the dispersion force acting 

between the molecules, so more energy is 

required to weaken the attraction between the 

molecules resulting in higher boiling points. 

If a covalent molecule has a permanent net 

dipole then the force of attraction between these 

molecules will be stronger than if only 

dispersion forces were present between the 

molecules. As a consequence, this substance will 

have a higher melting or boiling point than 

similar molecules that are non-polar in nature.  

 
Boiling Points of Group VII hydrides 

Consider the boiling points of the hydrides of Group VII elements.  

All of the molecules HF (molecular mass ~ 20), HCl (molecular mass ~ 37), HBr 

(molecular mass ~ 81) and HI (molecular mass ~ 128) are polar, the hydrogen atom 

having a partial positive charge (H ) and the halogen atom having a partial negative 

charge (F , Cl , Br , I ).  

As a consequence, the stronger dipole-interactions acting between the hydride molecules 

of Group VII elements results in higher boiling points than for the hydrides of Group IV 

elements as seen above.  

With the exception of HF, as the molecular size increases, the boiling point of the 

hydrides increase.  

HF is an exception because of the stronger force of attraction between HF molecules 

resulting from hydrogen bonds acting bewteen the HF molecules. Weaker dipole-dipole 

interactions act between the molecules of HCl, HBr and HI. So HF has a higher boiling 

point than the other molecules in this series. 

Hydrogen bond FH…:FH 

>HOH…OH2>H2NH…NH3. 

Why H2O has higher boiling point than HF and 

NH3? 
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Hydrogen bonding in alcohols 

An alcohol is an organic molecule containing an -OH group. Any molecule which has a 

hydrogen atom attached directly to an oxygen or a nitrogen is capable of hydrogen 

bonding. Such molecules will always have higher boiling points than similarly sized 

molecules which don't have an -O-H or an -N-H group. The hydrogen bonding makes the 

molecules "stickier", and more heat is necessary to separate them. 

Ethanol, CH3CH2-O-H, and methoxymethane, CH3-O-CH3, both have the same 

molecular formula, C2H6O. 

 

They have the same number of electrons, and a similar length to the molecule. The van 

der Waals attractions (both dispersion forces and dipole-dipole attractions) in each will be 

much the same. However, ethanol has a hydrogen atom attached directly to an oxygen - 

and that oxygen still has exactly the same two lone pairs as in a water molecule. 

Hydrogen bonding can occur between ethanol molecules, although not as effectively as in 

water. The hydrogen bonding is limited by the fact that there is only one hydrogen in 

each ethanol molecule with sufficient + charge. 

In methoxymethane, the lone pairs on the oxygen are still there, but the hydrogens aren't 

sufficiently + for hydrogen bonds to form. Except in some rather unusual cases, the 

hydrogen atom has to be attached directly to the very electronegative element for 

hydrogen bonding to occur. 

The boiling points of ethanol and methoxymethane show the dramatic effect that the 

hydrogen bonding has on the stickiness of the ethanol molecules: 

ethanol (with hydrogen bonding)  78.5°C 

methoxymethane (without hydrogen bonding)  -24.8°C 

The hydrogen bonding in the ethanol has lifted its boiling point about 100°C. 

It is important to realise that hydrogen bonding exists in addition to van der Waals 

attractions. For example, all the following molecules contain the same number of 

electrons, and the first two are much the same length. The higher boiling point of the 

butan-1-ol is due to the additional hydrogen bonding. 
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Comparing the two alcohols (containing -OH groups), both boiling points are high 

because of the additional hydrogen bonding due to the hydrogen attached directly to the 

oxygen - but they aren't the same. 

The boiling point of the 2-methylpropan-1-ol isn't as high as the butan-1-ol because the 

branching in the molecule makes the van der Waals attractions less effective than in the 

longer butan-1-ol. 

Effect of Intermolecular Forces on Solubility 

In general like dissolves like:  

 non-polar solutes dissolve in non-polar solvents  

Paraffin wax (C30H62) is a non-polar solute that will dissolve in non-polar solvents 

like oil, hexane (C6H14) or carbon tetrachloride (CCl4).  

Paraffin wax will NOT dissolve in polar solvents such as water (H2O) or ethanol 

(ethyl alcohol, C2H5OH).  

 polar solutes such as glucose (C6H12O6) will dissolve in polar solvents such as 

water (H2O) or ethanol (ethyl alcohol, C2H5OH) as the partially positively 

charged atom of the solute molecule is attracted to the partially negatively 

charged atom of the solvent molecule, and the partially negatively charged atom 

of the solute molecule is attracted to the partially positively charged atom of the 

solvent molecule.  

Glucose will NOT dissolve in non-polar solvents such as oil, hexane (C6H14) or 

carbon tetrachloride (CCl4).  

Ionic solutes such as sodium chloride (NaCl) will generally dissolve in polar solvents but 

not in non-polar solvents, since the positive ion is attracted the partially negatively 

charged atom in the polar solvent molecule, and the negative ion of the solute is attracted 

to the partially positively charged atom on the solvent molecule. 
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Factors affecting Van der Waal's forces 

The factors that affect dipole -dipole interactions are illustrated very well by 

consideration of the melting and boiling points of the elements phosphorus, sulphur and 

iodine. All three substances are obviously made up of their own atoms and can possess no 

permanent dipoles. The forces between the molecules are created by instantaneous dipole 

attractions. The greater the force the higher the melting and boiling points (more energy 

is needed to separate the molecules) 

molecule  relative molecular mass  melting point /ºC  boiling point /ºC  

I2  254  114  184  

P4  108  44  280  

S8  256  113  445  

As can be seen, there is a clear correlation between relative molecular mass and melting 

point. The higher the Mr the higher the melting point. Sulphur and iodine have almost 

identical relative masses (256 and 254 respectively) and they also have almost identical 

melting points of 113 and 114ºC.  

Phosphorus, with a much lower relative mass, 108, has a much lower melting point, 44ºC 

 

 

 

Phosphorus molecule Mr=108  Iodine molecule Mr=254  Sulphur molecule Mr=256  

Boiling point discrepancy 

However, the melting point only partially overcomes the intermolecular forces. To 

separate the molecules completely we must arrive at the boiling point (the point where 

the vapour pressure is equal to the atmospheric pressure).  

Inspection of the boiling points of sulphur and iodine, which are very different, reveals 

that they seem to be experiencing very different forces between molecules than before. 

How can this be? 

The answer lies in the second factor affecting Van der Waal's forces, the shape of the 

molecules.  

http://en.wikipedia.org/wiki/File:Cyclooctasulfur-above-3D-balls.png
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Molecular shape 

Molecules that are more sperical in shape have a lower surface area to volume ratio. They 

effectively have less surface area on which the Van der Waal's attractions can act.  

This can be shown using simple maths by considering the surface area to volume ratio of 

a sphere and a cube (less spherical) 

Shape Surface area Volume Surface area/ volume ratio  

sphere (radius r) 4πr
2
 4/3πr

3
 0.484  

cube (side =d) 6d
2
 d

3
 0.600  

 

Sulphur  

Something seems to happen to the sulphur molecules between melting and boiling points.  

Careful investigation of molten sulphur during heating reveals several stages. At 114ºC 

the sulphur melts to form a light yellow mobile (runny) liquid. At this point the S8 

molecules are separating.  

On further heating the sulphur starts to darken, firstly to orange and then to red and 

becomes much more viscous (sticky). There is clearly an increase in intermolecular 

forces over this range of temperatures. This can be explained by the crown shaped 

molecules of S8 sulphur breaking one of the bonds in the crown and opening to become 

linear chains of S8.  

 

 

 

Sulphur S8 crowns (yellow)  heat  Sulphur S8 chains (dark red)  

The crown-shaped S8 molecules have a more spherical shape than the S8 long chain 

molecules. The longer chain-shaped molecules experience greater Van der Waal's 

induced dipole - dipole attractions, so a liquid made of S8 chains gets redder and more 

viscous (stickier) as the ratio of straight chain molecules to crown molecules increases. 

If heating is continued the red molten S8 chain sulphur gets a little less viscous (sticky) as 

the energy available to overcome the Van der Waal's forces increases. There is a 

tendency of the sulphur to vaporise as S2 molecules near the boiling point. 
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Plastic sulphur 

When molten (melted) sulphur is poured rapidly into cold water a form of sulphur rather 

like rubber is produced - called plastic sulphur. This only happens with the red molten 

sulphur that contains the S8 chains. If the light yellow molten sulphur (containing crown 

shaped molecules) is poured into water it simply solidifies as crystalline sulphur.  

The S8 chain sulphur, however, cools too rapidly to allow the chains to reform into 

crowns and they lose energy while parallel to one another. This creates a structure with 

the chains all aligned but held only by the Van der Waal's forces (and some cross linking). 

The structure can be stretched like rubber.  

Plastic sulphur is unstable at room temperature, as the S8 chains slowly return to S8 crown 

molecules. The rubber like structure gets more brittle as the crystals are slowly formed 

that use the S8 crowns as their molecular bulding bricks.  

 
 


