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INTERMOLECULAR FORCES - SUMMARY

Intermolecular Forces
¢ weak forces of attraction between simple covalent molecules
© much weaker compared to metallic, ionic and covalent bonds
© hence much lower melting/boiling points compared to metals, ionic compounds and giant

molecules
¢ 3 different types of IMF
IMF Type of molecule Example
Instantaneous dipole-induced | Non-polar CiHy, Hz, N2, O2, X
dipole (id-id) attraction CO,, BF;, CCls, PFs, SFs
aka temporary dipole- Polar with significant non-polar | CH3(CH.)sCH,OH
temporary dipole attraction and | structure hence predominantly
dispersion forces non-polar. Usually for organic
compounds with big alkyl group
Permanent dipole- permanent | Polar HCI, SO,, NCl;, CHCI;
dipole (pd-pd) attraction
aka dipole-dipole attraction
Hydrogen bond (H-bond) Contains H-F, H-0, or H.O, NHs, HF, CH;CH,OH
H - N bond (alcohol), CH;CH.NH; (amine)

Polar Bond and dipole moment

* covalent bond is polar when there is a large difference in electronegativity between 2 atoms in the
bond and dipole moment formed as a result
X——Y
* bond is polar usually when an atom is bonded to an electronegative atom such as F, O, N and Cl

Polar Molecule and net dipole moment
A molecule is polar when

o there are polar bonds within the molecule and

o the dipoles of all the polar bonds inside the molecule do not cancel one another completely (net
dipole moment is not zero)

no

Polar bond present? Molecule non-polar IMF id-id attractions

4> 4>
S]e] CxHy, Hz, N2, Oz, X;

yes
Do the dipole no Molecule polar IMF pd-pd attractions
moments cancel? eg HCI, SOz, NCls, CHCl; [ ®{or H-bond if H-F, H-O,
H-N present
yes
Molecule non-polar IMF id-id attractions

g COz, BF3, CC|4, PF5, SFe .
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Instantaneous dipole-induced dipole (id-id) attraction
* occurs between non-polar molecules or noble gas atoms e.g. Br,, CH,, He

* due to constant random motion of electrons
Instantaneous dipole

induced dipole

* short-lived as electron movement is random and dipoles form, vanish and reform
¢ always present in all simple molecules, even those with predominant pd-pd attractions or H-bond

Factors affecting strength of id-id attraction
1. Size of electron cloud

* more electrons, larger and more polarisable electron cloud, hence stronger id-id attractions
* in general, size of electron cloud proportional to molecular mass

Exercise 1
Explain the halogen boiling point trend as shown
Halogen | M; | Number of electrons | Boiling Point (°C)
Fa0 38 18 -188
Che | 71 34 -34
Brz ) 160 70 59
I2s) 254 106 184

2. Surface area for molecular interaction

* more spherical shape, smaller surface area for molecular interaction, hence weaker id-id
attractions

« usually for organic compounds with same molecular mass but different extent of branching
* more branching results in more spherical structure hence smaller surface area

Exercise 2
The boiling point of n-pentane is 309K while that of isomer 2,2-dimethylpropane is 283K. Explain the
difference in boiling point.

Permanent dipole- permanent dipole (pd-pd) attraction
* occurs between polar molecules whereby a permanent separation of charge is present within the
molecules
» electrostatic attraction between the partial positive (d+) end of one polar molecule and the partial
negative (6-) end of another polar molecule

Exercise 3
lllustrate with diagrams the intermolecular forces of attraction for the following molecules: HCI and PCls.


http://www.chemistryguru.com.sg/

Chemistry Guru :: Making Chemistry Simpler :: www.chemistryguru.com.sg

Factors affecting strength of pd-pd attraction
1. Polarity of bond

* greater difference in electronegativity, more polar the bond hence stronger pd-pd attractions

Hydrogen bond (H-bond)
» occurs between polar molecules which contains H—F, H- O, or H- N bond

» extreme form of pd — pd attractions and among the strongest IMF attractions (5 — 10% strength of
covalent bond)

* two criteria for Hydrogen Bonds to form:
1. H atom must be bonded directly to a small and highly electronegative atom such as F, O or N
2. Presence of a lone pair of electrons of a nearby electronegative atom, usually F, O or N atom

Exercise 4
lllustrate with diagrams the intermolecular forces of attraction for the following molecules: HF, H,O, NH;

Factors affecting strength of H-bond

1. Extensiveness of H-bond
¢ determined by the average number of H-bonds formed per molecule

Average no of H-bond formed per HF H-O NH;
molecule in
Solid state 2 4 2
Liquid state 1 2 1

* H,0O has larger average number of H-bonds formed per molecule, hence more extensive H-bond,
need more energy to overcome

2. Polarity of bond

¢ greater difference in electronegativity, more polar the bond hence stronger H-bond
* hence H-F>H-O>H-N

Exercise 5
Explain the trends in boiling point for the following molecules
Molecule HF H-O NH;
Boiling point / °C 19.5 100 -33.5

Interesting aspects of H-bond
1. Intra-molecular H-bonding

* depending on the structure, H-bonds can be formed within the same molecule

* as H-bonding is used for intra-molecular H-bonding, only weaker id-id or pd-pd attractions exists
between molecules. Less energy is required to overcome the attractions, hence boiling/melting
point is lower compared to another isomer which can form inter-molecular H-bonding

Exercise 6

Explain why the melting point of 4-nitrophenol is higher than that of 2-nitrophenol.
2. Dimerisation via H-bonding

* Under certain conditions, carboxylic acids can exist as dimers via H-bond
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Exercise 7

In gaseous state, the apparent molecular mass of ethanoic acid is found to be 120.0 instead of the usual
60.0. Explain this observation.

3. H-bonding and solubility in water
* In general, if a simple molecule is soluble in water, then that molecule is capable of forming H-bonds
with water

* energy released on forming the H-bonds between the molecule and water is sufficient to overcome

the H-bonds between water molecules, hence soluble in water

Exercise 8

lllustrate with diagrams why the following simple molecules are soluble in water: CH;CH,OH, CH;COCHj;

Comparing IMF

* For molecules of similar molecular size, strength of IMF:
H-Bond > pd-pd attractions > id-id attractions
* For molecules of different molecular size, id-id attractions could be stronger for the larger molecule
as it has a larger and more polarisable electron cloud.
»  Comparing various properties for molecules of similar molecular size:

Molecules with
predominant
IMF

Boiling point

Volatility

Solubility in organic
solvent

Solubility in water

Id-id attractions

Low due to weak id-id
attraction between
molecules hence need
little energy to
overcome

Highly volatile / high
vapour pressure due to
weak id-id attractions

Soluble due to good id-
id attractions between
molecule and organic
solvent

Insoluble due to poor
interactions between
molecule and water,
hence energy released
insufficient to overcome
H-bond between water
molecules

Pd-pd attractions

Moderate due to
stronger pd-pd
attractions

Moderately volatile /
vapour pressure

Usually insoluble due to
poor interaction
between molecule and
organic solvent, hence
energy released
insufficient to overcome
stronger pd-pd
attractions between

Usually soluble due to
H-bond or pd-pd
attractions between
molecule and water,
hence energy released
sufficient to overcome
H-bond between water
molecules

molecules
H-bond High due to strong H- | Non-volatile / low Insoluble due to poor Soluble as molecule
bond between vapour pressure interaction between can form H-bond with
molecules molecule and organic | water, hence energy
solvent, hence energy | released sufficient to
released insufficient to | overcome H-bond
overcome H-bond between water
between molecules molecules
Exercise 9

Explain the boiling points for the following set of compounds.

Compound RMM [ B.P.(°C)
Propane, CH;CH,CHs 44 -42
Dimethyl ether, CH;OCHjs 46 -25
Ethanol, CH;CH,OH 46 78
lodine, I, 254 184
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