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Task: Listen to the lecture and put the following in the right order: 

 

https://www.youtube.com/watch?v=-QqTwJzi7Wo 

 

 

a. He mentions high IMF in proteins.  

 

b. He then defines and gives examples of properties and types of IMF  

determined gases  

 

c. He gives visual analogies of weak and strong IMF forces in 

molecules.  

 

d. He points out the significance of IMF in biology. 

 

e. He outlines the physical properties of liquids and solids that affected 

by IMF; boiling point, surface tension, vapour pressure, miscibility.  

 

f. He defines the term IMF  

 

g. He uses a scheme to give us a visual representation of the real and 

ideal gases difference. 

 

h. He defines and gives examples of properties of solids and liquids 

affected by IMF: boiling point, surface tension, vapour pressure, 

miscibility.  

 

i. He then deciphers the difference between inter and intra molecular 

forces 

 

j. He explains how the difference in IMF in gases determines their  

further classification. 

 

k. He gives an example of a water droplet onto a penny to explain that 

there are high IMF.   

 

 

Task 2: Listen to the lecture and complete the definition of each IF mentioned: 

https://www.youtube.com/watch?v=S8QsLUO_tgQ 

 

 

Dipole-Dipole 

 

Hydrogen Bonding 

 

Dispersion Forces 
 

https://www.youtube.com/watch?v=-QqTwJzi7Wo


 

Reading: The Four Intermolecular 

Forces and How They Affect Boiling 

Points 

It is amazing how much chemistry comes down to simple attraction between opposite 

charges and repulsion between like charges. 

This is the driving force behind chemical bonding, of course. But it is also responsible 

for the forces between molecules. This means that properties like melting and boiling 

points are a measure of how strong the attractive forces are between individual atoms 

or molecules. 

There are four types of these interactions and they are all different manifestations 

of   “opposite charges attract”. 

It all flows from this general principle: as bonds become more polarized, the charges 

on the atoms become greater, which leads to greater intermolecular attractions, which 

leads to higher boiling points. 

Ionic bonds  > H bonding >  Van der Waals dipole-dipole interactions > Van der 

Waals dispersion forces. 

Let’s look at them individually, from strongest to weakest: 

1. Ionic forces are interactions between charged atoms or molecules. Positively 

charged ions, such as Na(+) , Li(+), and Ca(2+), are termed cations. Negatively 

charged ions, such as Cl(–), Br(–), HO(–) are called anions (I always got this straight 

through remembering that the “N” in “Anion” stood for “Negative”) The attractive 
forces between oppositely charged ions is described by Coulomb’s Law, in which the 

force increases with charge and as decreases as the distance between these ions is 

increased. The highly polarized (charged) nature of ionic molecules is reflected in 

their high melting points (NaCl has a melting point of 801 °C) as well as in their high 

water solubility (for the alkali metal salts, anyway; metals that form multiple charges 

like to leave residues on your bathtub) 

 

 

http://masterorganicchemistry.wordpress.com/2010/07/27/from-gen-chem-to-organic-chem-pt-4-chemical-bonding/
http://en.wikipedia.org/wiki/Ion
http://en.wikipedia.org/wiki/Coulomb%27s_law
http://en.wikipedia.org/wiki/Hard_water
http://masterorganicchemistry.files.wordpress.com/2010/10/1-ionic-copy.jpg
http://masterorganicchemistry.files.wordpress.com/2010/10/1-ionic-copy.jpg


 

2. Hydrogen bonding occurs in molecules containing the highly electronegative 

elements F, O, or N directly bound to hydrogen. Since H has an electronegativity 

of 2.2 (compare to 0.9 for Na and 0.8 for K) these bonds are not as polarized as purely 

ionic bonds and possess some covalent character. However, the bond to hydrogen will 

still be polarized and possess a dipole. 

 

The dipole of one molecule can align with the dipole from another molecule, leading 

to an attractive interaction that we call hydrogen bonding.   Owing to rapid molecular 

motion in solution, these bonds are transient (short-lived) but have significant bond 

strengths ranging from (9 kJ/mol (2 kcal/mol) (for NH) to about 30 kJ/mol (7 kcal) 

and higher for HF. As you might expect, the strength of the bond increases as the 

electronegativity of the group bound to hydrogen is increased. 

So in a sense, HO, and NH are “sticky”  – molecules containing these functional 

groups will tend to have higher boiling points than you would expect based on their 

molecular weight. 

3. Van Der Waals Dipole-dipole interactions. 

Other groups beside hydrogen can be involved in polar covalent bonding with 

strongly electronegative atoms. For instance, each of these molecules contains a 

dipole: 

http://masterorganicchemistry.files.wordpress.com/2010/10/2-h-bonding-copy.jpg
http://masterorganicchemistry.files.wordpress.com/2010/10/2-h-bonding-copy.jpg
http://en.wikipedia.org/wiki/Hydrogen_bond


 

These dipoles can interact with each other in an attractive fashion, which will also 

increase the boiling point. However since the electronegativity difference between 

carbon (electronegativity = 2.5) and the electronegative atom (such as oxygen or 

nitrogen) is not as large as it is for hydrogen (electronegativity = 2.2), the polar 

interaction is not as strong. So on average these forces tend to be weaker than in 

hydrogen bonding. 

4. Van der waals Dispersion forces (London forces) 

The weakest intermolecular forces of all are called dispersion forces or London forces. 

These represent the attraction between instantaneous dipoles in a molecule. Think 

about an atom like argon. It’s an inert gas, right? But if you cool it to –186 °C, you 

can actually condense it into liquid argon. The fact that it forms a liquid it means that 

something is holding it together. That “something” is dispersion forces. Think about 
the electrons in the valence shell. On average, they’re evenly dispersed. But at any 
given instant, there might be a mismatch between how many electrons are on one side 

and how many are on the other, which can lead to an instantaneous difference in 

charge. 

 

http://masterorganicchemistry.files.wordpress.com/2010/10/3-dipoledipoles-copy.jpg
http://masterorganicchemistry.files.wordpress.com/2010/10/3-dipoledipoles-copy.jpg
http://en.wikipedia.org/wiki/Intermolecular_force
http://masterorganicchemistry.files.wordpress.com/2010/10/4-dispersion-copy.jpg
http://masterorganicchemistry.files.wordpress.com/2010/10/4-dispersion-copy.jpg


It’s a little like basketball. On average, every player is covered one-on-one, for an 

even distribution of players.  But at any given moment, you might have a double-team 

situation where the distribution of players is “lumpy” (it also means that somebody is 
open). In the valence shell, this “lumpiness”  creates dipoles, and it’s these dipoles 
which are responsible for intermolecular attraction. 

The polarizability is the term we use to describe how readily atoms can form these 

instantaneous dipoles. Polarizability increases with atomic size. That’s why the 
boiling point of argon (–186 °C) is so much higher than the boiling point of helium (–
272 °C). By the same analogy, the boiling point of iodine, (I-I, 184 °C) is much 

higher than the boiling point of fluorine (F-F, –188°C). 

For hydrocarbons and other non-polar molecules which lack strong dipoles, these 

dispersion forces are really the only attractive forces between molecules. Since the 

dipoles are weak and transient, they depend on contact between molecules – which 

means that the forces increase with surface area. A small molecule like methane has 

very weak intermolecular forces, and has a low boiling point. However, as molecular 

weight increases, boiling point also goes up. That’s because the surface over which 
these forces can operate has increased.  Therefore, dispersion forces increase with 

increasing molecular weight. Individually, each interaction isn’t worth much, but if 
collectively, these forces can be extremely significant. How can a gecko lizard walk 

on walls? Look at its feet. 

 

[Determining trends for hydrocarbons can get a little bit tricky depending on the exact 

structure – symmetry also plays a role in boiling points and melting points. I talked 

about this in detail previously.] 

Bottom line: 

1. The intermolecular forces increase with increasing polarization of bonds. 

2. Strength of forces (and therefore impact on boiling points) is  ionic > 

hydrogen bonding > dipole dipole > dispersion 

3. Boiling point increases with molecular weight, and with surface area. 

 

 

 

From: http://www.masterorganicchemistry.com/2010/10/01/how-intermolecular-forces-affect-boiling-

points/ (2015) 

 

http://cabinet-of-wonders.blogspot.com/2008/01/gecko-feet-natural-marvel.html
http://masterorganicchemistry.files.wordpress.com/2010/10/5-dispersion-forces-copy.jpg
http://masterorganicchemistry.files.wordpress.com/2010/10/5-dispersion-forces-copy.jpg
http://masterorganicchemistry.wordpress.com/2010/07/09/chemical-tetris/


Notes  
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Copyright University of Crete , Kallia Katsampoxaki-Hodgetts 2015. Kallia 
Katsampoxaki-Hodgetts. «Academic English. Intermolecular forces». Edition: 1.0. 
Heraklion 2015. Available at:  
 https://opencourses.uoc.gr/courses/course/view.php?id=355  

 

Licensing Note 

The current material is available under the Creative Commons Attribution-

NonCommercial-NoDerivs 4.0[1] International license or later International Edition.  

The individual works of third parties are excluded, e.g. photographs, diagrams etc. 

They are contained therein and covered under their conditions of use in the section 

«Use of Third Parties Work Note».  

    
 

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/  

 

As Non-Commercial is defined the use that: 

 Does not involve direct or indirect financial benefits from the use of 

the work for the distributor of the work and the license holder  

 Does not include financial transaction as a condition for  the use or 

access  to the work  

 Does not confer to the distributor and license holder of the work  

indirect financial benefit (e.g. advertisements) from the viewing of the 

work on website  

• The copyright holder may give to the license holder a separate license to use 

the work for commercial use, if requested.  

 

Preservation Notices  

 

Any reproduction or adaptation of the material should include:  

• the Reference  Note  

• the Licensing Note  

• the declaration of Notices Preservation  

• the Use of Third Parties Work Note (if is available)  

together with the accompanied URLs. 
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