
Intramolecular Forces
Background
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• The nature of the forces that operate in compounds

depend heavily on the type of bond (ionic or covalent)

and electronegativity.

• We will look at these different variations to appreciate

their influence on the properties of covalent molecules.

• Whereas the forces in bonds of ionic

compounds (e.g. NaCl) are purely

electrostatic, those in covalent

compounds vary depending on the

extent of sharing of the electrons

between the bonded atoms.



Polarity of Bonds
The Role of Electronegativity
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• The type of bond between atoms has an important

effect on the polarity in molecules and influences how

these compounds interact with other systems (biological

systems).

• For a covalent bond arising from sharing of electrons,

the polarity of the bond will depend on the

electronegativity of the bonded atoms.

• Recall: Electronegativity is a measure of the

tendency of an atom in a bond to attract the pair of

bonding electrons to itself.



Electronegativity Chart
Pauling Scale
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• The Paulings scale is the most commonly used for

electronegativity. It sets the electronegativity of lithium

at 1.0 and flourine (the most electronegative) at 4.0.

• Francium is the least electronegative at 0.7.



Influence of Electronegativity
Polarity of Bonds
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• Differences in electronegativities (ΔEN) between two

elements involved in chemical bonding determines

whether the bond will be ionic or covalent.

• If ΔEN is greater than 2.1, the bond is ionic and if it is

less than 2 it is covalent.

• Among covalent bonds, for non-polar molecules ΔEN is

0, for weak polar molecules ΔEN is between 0.1 and 1,

while strongly polar molecules ΔEN is between 1.1 and

2.



Nonpolar Covalent Bonds
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• Non polar covalent bonds or molecules are formed from

sharing of electrons between atoms with the same or

near equal electronegativity.

• Note that in the nonpolar covalent bonds above, there is

symmetry in the electron density in the molecular orbital

representation.



Polar Covalent Bonds
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• In covalent bonds formed by sharing of electrons

between atoms with substantial differences in

electronegativity, the more electronegative atom has a

greater attraction for the bonding electrons thus taking a

greater share of the bonding electrons. This leads to a

polar covalent bond.

• The distribution of electrons in a polarized bond is

indicated with partial (d) charges.

• The different electron densities within a molecule can

also be represented with a crossed arrow pointing from

the partial positive to the partial negative.



Dipole Moment of a Molecule
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• A polar bond is considered to exist as a dipole: It has a

negative end and a positive end.

• The polarity of a bond or molecule is quantified by its

dipole moment (m).

• Dipole moments are measured in Debye (D) units

(pronounced de-bye).

• The dipole moment of a bond is equal to the magnitude

of the charge on the atom (either the partial positive

charge or the partial negative charge, because they have

the same magnitude) times the distance between the two

charges.



Dipole Moment of a Molecule
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• The dipole moment of bonds in a molecule can be a

good guide to the dipole moment of a molecule and its

polarity.

• The higher the dipole moment, the more polar the bond

or molecule.



Dipole Moment of a Molecule
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• In a molecule that has only one covalent bond, the

dipole moment of the molecule is identical to the dipole

moment of the bond.

• For example, the dipole moment of hydrofluoric acid is

1.8 D, about the same as that of the H-F bond.

• The dipole moment of a molecule with more than one

covalent bond depends on the dipole moments of all the

bonds and the geometry of the molecule.



Dipole Moment of CO2
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• For the dipole moment of the carbon dioxide molecule,

it is worth noting that the carbon of the molecule is sp

hybridized and therefore linear.

• Due to this linear nature of the molecule, the individual

dipole moments of the carbon-oxygen bonds cancel out

to give a dipole moment of zero D.

• For non-linear molecules, the combined vector sum of

the individual bonds must be summed up to determine

the overall polarity of the molecule.



Dipole Moment of CH3Cl
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• Unsymmetrical molecules have an overall dipole

moment. The dipole moment (1.87D) of chloromethane

is greater than 1.5D of any of the individual bonds

because the dipoles in the bonds are oriented such that

they reinforce each other:-the individual dipoles in the

bonds are oriented in the same relative direction.

• Given that the dipole moment (0.4D) of the C-H bond is

small, the most significant contribution arises from the

dipole moment (1.5D) of the C-Cl bond.



Dipole Moment of CCl4
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• Symmetrical and non-linear molecules such as carbon

tetrachloride have no dipole moment.

• Note that the four bonds to carbon are identical and all

project symmetrically out of the central carbon causing

all the vector sum in the bonds to cancel.

• Note that although carbon tetrachloride comprises of

four polar C-Cl bonds, the entire molecule is non polar

due to the cancellation of the individual dipoles in each

of the bonds.



Dipole Moment of H2O
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• For the water molecule, the dipole moment (1.85D) is

greater than the dipole moment (1.5D) of a single O-H

bond because the dipoles of the two bonds reinforce

each other.

• Note that in molecules with lone pairs of electrons, these

lone pairs of electrons also contribute to the dipole

moment of the molecule.

• Derivatives of water e.g. methanol have a lower dipole

moment (1.69 D) than that of water due to the reduced

dipole moment of the C-O (0.7 D) vs O-H (1.69 D).



Practice Questions
Dipole Moments
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• Clue: Look at paulings chart on electronegativity and

the direction of bond polarization.

• The dipole moment (m) for ammonia (m = 1.64D) is

substantially higher than that of ammonia trifluoride (m

= 0.24D), although the latter contains the highly

electronegative flourine.



Solution
Dipole Moments
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• The individual dipoles of the N-H bonds and those of

the lone pair of electrons on nitrogen of ammonia

(NH3) are alligned in the same direction and thus

reinforce, while those in N-F bonds of ammonia

trfluoride are oriented opposite to the dipole of the

lone pair of electron on nitrogen of NF3 and thus

cancel.



Intermolecular Forces for Covalent 
Molecules
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• Covalent molecules may either be solids, liquids or

gases based on the strength of the intermolecular forces.

• The three types of intermolecular forces that operate in

such molecules are:

i. Dipole-dipole interactions in polar molecules

ii. van der Waal forces (induced dipole-induced dipole

interactions) in nonpolar molecules

iii. Hydrogen bonding interactions (OH and NH)



Dipole-Dipole Interactions
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• Molecules with permanent dipole moments tend to

allign themselves in solid and liquid phases with the

negatively polarized end oriented towards the positively

polarized end of the adjacent molecule.

• As a result of such dipole-dipole interactions, CH3I (μ=

1.64D) (bpt 42oC) is a liquid at room temperature,

while CH4 is a gas.



Van der Waal Forces
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• Van der Waal forces are weak intermolecular forces of

attraction that serve to attract nonpolar molecules.

• The van der Waal forces arise from the constant motion

of electrons in a molecule which create a small

distortion in the distribution of charges in nonpolar

molecules leading to a small temporary dipole moment.



Van der Waal Forces
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• This small dipole then induces a dipole of opposite

charge in an adjacent molecule leading to attractive

interactions.

• For nonpolar organic compounds, as the number of

carbon and hydrogen atoms increase in a molecule, the

additive effects of these weaker interactions

significantly increase, leading to increase in boiling and

melting points in a homologous series of compounds.



van der Waal Forces
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• Note an increase in boiling point of alkanes with

increase in van der Waal forces.

• Since Van der Waal forces depend on the surface of the

interacting molecules, branching reduces the packing

capacity between molecules leading to a decrease in van

der Waal forces.

• Graph shows bpt reduction with increase in branching.



Hydrogen Bonding
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• Hydrogen bonding is an especially strong type of

dipole-dipole interaction between molecules that have

hydrogen bonded to an electronegative atom such as

oxygen and nitrogen and have lone pairs of electrons.

• Water and ammonia are the simplest illustrations of

molecules that engage in hydrogen bonding.

• Among the organic molecules, hydrogen bonding is

encountered in alcohols, phenols, amines and carboxylic

acids.



Hydrogen Bonding in Alcohols and Phenols
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• In the liquid state, molecules of any of these compounds

have a strong attraction for one another.

• Observe the linear arrangement in the molecules of

phenols due to intermolecular hydrogen bonding.

• Regular alcohols also form extended hydrogen bonding

interactions with each other.



The Strength of Hydrogen Bonds
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• Hydrogen bonding (H-bonding) is substantially stronger

than most dipole-dipole attractions.

• The reason for this is due to the size of atoms involved.

A hydrogen atom is smaller compared to other atoms

and can occupy a position close to the unshared electron

on the electronegative atom.

• Atoms larger than hydrogen can not occupy such a

position; consequently dipole-dipole interactions

between other atoms are weaker.



Effect of Hydrogen Bonding on Boiling Point

24

• Not all hydrogen bonds are of the same strength.

• An H---OH hydrogen bond is stronger than a H---NH

hydrogen bond because oxygen is more electronegative

than nitrogen.

• An O-H bond is more polar and its hydrogen is more

positively polarized leading to a stronger intermolecular

attraction and interaction to the negatively polarized

oxygen of the neighbouring molecules.

• Consequently alcohols have a higher bpt than amines of

similar molecular weight.



Hydrogen Bonding vs Solubility
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• Hydrogen bonding may also form between different

molecules such as methanol (CH3OH) and water (H2O)

or methanamine (CH3NH2) and water (H2O) leading to

the dispersal and solubility of these organic compounds

in water.

• The solubility of covalent compounds in water is one

property that is sensitive to hydrogen bonding.

• A covalent compound that can form H-bonding

interactions with water tends to be more soluble in

water than one that can not.



Solubility of Organic Compounds
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• The solubility of organic compounds can be generalized

as “like dissolves like”.

 Polar organic molecules dissolve in polar solvents.

They have similar dipole-dipole forces and will

form stable interactions.

 Nonpolar organic molecules dissolve in nonpolar

solvents. They have similar induced dipole-induced

dipole interactions.



Practice Questions
Explain the following observations
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• Explain why ethanol (CH3CH2OH) boils at 78oC, while

dimethylether (CH3-O-CH3) boils at -24oC, despite

having the same molecular weight.

• Arrange the following compounds in increasing order of

polarity (least polar first) and increasing order of boiling

point.

• Explain the trend in boiling point between hexane (68

°C) and hex-1-ene (63 °C).


