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Hydrogen Bonding /

Your notes

Hydrogen Bonding

Hydrogen bonding is the strongest form of intermolecular bonding

= |ntermolecularbonds are bonds between molecules

= Hydrogenbondingis a type of permanent dipole — permanent dipole bonding
Forhydrogen bonding to occur, two conditions must be met:

1. Amolecule must contain a highly electronegative atom (O, N, or F) with alone pair of
electrons.

2. Ahydrogen atom must be covalently bonded to O, N, or F, making the bond highly
polar.

When hydrogenis covalently bonded to an electronegative atom (O, N, or F) the bond
becomes very highly polarised

The Hbecomes so 8* charged that it can form abond with the lone pair of an O, NorF
atomin another molecule

Polarity of the OHbond

ELECTRONEGATIVE ATOM
PULLS ELECTRONS \

STRONGER THAN H
POLAR BONDa’

The electronegative atoms O or N have a stronger pull on the electrons in the covalent

bond with hydrogen, causing the bond to become polarised

The strongest hydrogen bonds are formed when the angle between the covalentbond
(e.g.,O-H)and the hydrogen bondis 180°, as this linear arrangement maximizes the
electrostatic attraction.

The number of hydrogenbonds depends on:
= The number of hydrogen atoms attached to O or N in the molecule

= The number of lone pairsonthe O orN

Hydrogen bonding inammonia
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Your notes

HYDROGEN
BOND

Ammonia can form a maximum of one hydrogen bond per molecule

Hydrogen bonding in water

TWO LONE PAIRS ON O
SO WATER CAN FORM H H
A MAXIMUM OF TWO \ /

HYDROGEN BONDS 0
S+ ,0 &— » &+
H H H
Ny Ny

HYDROGEN
BONDS

Water can form a maximum of two hydrogen bonds per molecule. Two hydrogen bonds
on the §- oxygen atom and one on each 6+ hydrogen atom

Properties of water

= Hydrogenbondinginwater, causesit to have anomalous properties such as high
melting and boiling points, high surface tension and anomalous density of ice compared
to water

High melting & boiling points

= Waterhas high melting and boiling points which is caused by the strong intermolecular
forces of hydrogen bonding between the molecules

= |nice (solid H,O) and water (liquid H,O) the molecules are tightly held together by
hydrogen bonds

= Alot of energy is therefore required to break the water molecules apart and melt or boil
them

Changing states and hydrogen bonding
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Your notes

Hydrogen bonds are strong intermolecular forces which are difficult to break causing
water to have high melting and boiling points

= The graph below compares the enthalpy of vaporisation (energy required to boil a
substance) of different hydrides

= The enthalpy changesincrease going from H»S to HyTe due to the increased number of
electronsinthe Group 16 elements

= This causes anincreased instantaneous dipole - induced dipole forces as the
molecules become larger

= Based onthis, H,O would have a much lower enthalpy change (around 17 kJ mol")

= However, the enthalpy change of vaporisationis almost 3 timeslarger which is caused
by the hydrogen bonds present in water but notin the other hydrides

Graph of enthalpy of vaporisation for different hydrides

50
[T -
oY H,0
mg40—
O -
zZ X |
z <
Ir Z
O O 30+
&2 i H,Te
Jz H.S
o e
£ S 20 H,S v
E S * a
5> -
V4+—F7T T 71T T 1T T T T T T T T

I
0] 20 40 60 80 100 120 140
NUMBER OF ELECTRONS
The high enthalpy change of evaporation of water suggests that instantaneous dipole-

induced dipole forces are not the only forces present in the molecule - there are also
those of the strong hydrogen bonds, which cause the high boiling points
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High surface tension /
= \Waterhas a high surface tension Your notes

= Surface tensionis the ability of aliquid surface to resist any external forces (i.e. to stay
unaffected by forces acting on the surface)

= The watermolecules at the surface of liquid are bonded to other water molecules
through hydrogen bonds

= These molecules pull downwards on the surface molecules causing the surface them to
become compressed and more tightly together at the surface

= Thisincreases water’s surface tension

The effect of hydrogen bonding in water

SURFACE MOLECULE IS
PULLED INWARD

WATER
DROPLET

WATER
MOLECULES

INNER MOLECULE IS
PULLED IN ALL DIRECTIONS

The surface molecules are pulled downwards due to the hydrogen bonds with other
molecules, whereas the inner water molecules are pulled in all directions

Density

= Solids are denser than their liquids as the particlesin solids are more closely packed
togetherthanin theirliquid state

= |nice however, the water molecules are packed in a 3D hydrogen-bonded networkin a
rigid lattice

= Eachoxygenatomis surrounded by hydrogen atoms

= This way of packing the moleculesin a solid and the relatively long bond lengths of the
hydrogen bonds means that the water molecules are slightly further apart thanin the
liquid form

= Therefore,ice has alower density than liquid water
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Structure and density of water /

Your notes

HYDROGEN
BOND

The ‘more open’ structure of molecules inice causes it to have a lower density than liquid
water

-

Examiner Tips and Tricks

Ice floats onwater because of ice's lower density.
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Bond Polarity & Dipole Moments 4

Your notes

Bond Polarity & Dipole Moments

= Electronegativity is the ability of an atom to draw a pair of electrons towards itself ina
covalentbond

= FElectronegativity increases across a Period and decreases going down a Group

Polarity

= Whentwo atomsin a covalent bond have the same electronegativity the covalent bond
isnonpolar

Bonding electronsin a chlorine molecule

The two chlorine atoms have similar electronegativities so the bonding electrons are
shared equally between the two atoms

= Whentwo atomsin a covalent bond have different electronegativities the covalent
bond s polar and the electrons will be drawn towards the more electronegative atom

= Asaresult of this:

= Thenegative charge centre and positive charge centre do not coincide with each
other

= This means that the electron distribution is asymmetric
= Theless electronegative atom gets a partial charge of 6+ (delta positive)
= The more electronegative atom gets a partial charge of 6- (delta negative)

= The greater the difference in electronegativity the more polar the bond becomes

Bonding electronsin a hydrogen chloride molecule
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Cl has a greater electronegativity than H causing the electrons to be more attracted
towards the Cl atom which becomes delta negative and the H delta positive

Dipole moment
= The dipole momentis a measure of how polarabondis

= Thedirection of the dipole moment is shown by the following signin which the arrow
points to the partially negatively charged end of the dipole:

Representing dipoles

| =

The sign shows the direction of the dipole moment and the arrow points to the delta
negative end of the dipole

Assigning polarity to molecules

= Todetermine whether a molecule with more than two atoms is polar, the following
things have to be takeninto consideration:

= The polarity of eachbond
= How the bonds are arrangedin the molecule

= Some molecules have polar bonds but are overall not polar because the polarbondsin
the molecule are arranged in such a way that the individual dipole moments cancel each
other out

Polarity in chloromethane
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There are four polar covalent bonds in CH3Cl which do not cancel each other out causing
CH3Cl to be a polar molecule; the overall dipole is towards the electronegative chlorine
atom

Polarity in tetrachloromethane

NONPOLAR

Copyright © Save My Exams. All Rights Reserved

Though CClI4 has four polar covalent bonds, the individual dipole moments cancel each
other out causing CCl4 to be a nonpolar molecule
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Vander Waals' Forces /

Your notes

Van der Waals' Forces & Dipoles

= Covalent bonds are strong intramolecular forces

= Molecules also contain weaker intermolecular forces which are forces between
molecules

= Theseintermolecularforces are called van der Waals’ forces
= There are two types of van der Waals’ forces:

= Instantaneous (temporary) dipole - induced dipole forces also called London
dispersion forces

= Permanent dipole - permanent dipole forces

Intermolecular and intramolecular forces in water

INTERMOLECULAR FORCE
o (H-BOND, A SPECIAL TYPE OF PERMANENT

DIPOLE—-PERMANENT DIPOLE)

o M INTRAMOLECULAR FORCE

(POLAR COVALENT BOND)

The polar covalent bonds between O and H atoms are intramolecular forces and the
permanent dipole - permanent dipole forces between the molecules are intermolecular
forces as they are a type of van der Waals’ force

Instantaneous dipole - induced dipole (id - id)

= |nstantaneous dipole - induced dipole forces or London dispersion forces exist
between all atoms or molecules

= The electron charge cloudin non-polar molecules oratoms are constantly moving

= During this movement, the electron charge cloud can be more on one side of the atom
ormolecule thanthe other

= This causes atemporary dipole to arise
= Thistemporary dipole caninduce a dipole on neighbouring molecules

= Whenthis happens, the 6+ end of the dipole in one molecule and the §- end of the
dipolein a neighbouring molecule are attracted towards each other

= Because the electron clouds are moving constantly, the dipoles are only temporary
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Instantaneous dipoles

NON-POLAR
MOLECULE

ELECTRON CHARGE
CLOUD MOVES

INSTANTANEOUS
(TEMPORARY) DIPOLE

INSTANTANEOUS
(TEMPORARY) DIPOLE

>

INSTANTANEOUS
(TEMPORARY) DIPOLE

NON-POLAR
MOLECULE

ELECTRON CHARGE
CLOUD MOVES

AS THE INSTANTANEQUS DIPOLE
APPROACHES THE NON-POLAR MOLECULE
IT INDUCES A DIPOLE IN THE
NEIGHBOURING NON-POLAR MOLECULE

INTER MOLECULAR
ID-ID FORCES

S+ &—

INDUCED
DIPOLE

Id-id (London dispersion) forces between two non-polar molecules

= |d-idforcesincrease with:

1, SaveMyExams

Increasing number of electrons (and atomic number) in the molecule

Increasing the places where the molecules come close together
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Going down the Group, the id-id forces increase due to the increased number of
electronsin the atoms

CONTACT
POINTS

2\ / CH, CH, M CH, CH,
b 28 e iy T
/ /
CH3 CH, \CH3 MWW CH, \CH3
PENTANE 2,2-DIMETHYLPROPANE
BOILING POINT 36°C BOILING POINT 10°C

The increased number of contact points in pentane means that it has more id-id forces
and therefore a higher boiling point

Permanent dipole - permanent dipole (pd - pd)
= Polar molecules have permanent dipoles
= The molecule will always have a negatively and positively charged end

= Forces betweentwo molecules that have permanent dipoles are called permanent
dipole - permanent dipole forces

= The 6+ end of the dipole in one molecule and the 8- end of the dipole in a neighbouring
molecule are attracted towards each other
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POLAR POLAR ,

MOLECULE MOLECULE Your notes
S+ 5— PERMANENT DIPOLE — S+ 5—
PERMANENT DIPOLE
FORCES
PERMANENT PERMANENT
DIPOLE DIPOLE

The delta negative end of one polar molecule will be attracted onwards the delta positive
end of a neighbouring polar molecule

= Forsmallmolecules with the same number of electrons, pd - pd forces are stronger
thanid -id

= Butane and propanone have the same number of electrons
= Butaneisanonpolarmolecule and willhaveid - id forces
= Propanoneis apolar molecule and will have pd - pd forces

= Therefore, more energy is required to break the intermolecular forces between
propanone molecules than between butane molecules

= So, propanone has a higher boiling point than butane

CH,
6,
CH/CHZ\CH/CH3 6>C:O
3 2 CH3
BUTANE PROPANONE
BOILING POINT O°C BOILING POINT 56°C

Pd-pd forces are stronger than id-id forces in smaller molecules with an equal number of
electrons

©

Examiner Tips and Tricks

Remember this difference: intramolecular forces are forces within a molecule,
whereasintermolecular forces are forces between a molecule.
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Hydrogen Bonding as a Permanent
Dipole

Hydrogen bonding is an intermolecular force between molecules with an -OH/-NH
group and molecules withan N/O atom

Hydrogenbondingis a special case of a permanent dipole - dipole force between
molecules

= Hydrogenbonds are stronger forces than pd - pd forces

The hydrogenis bonded to an O/N atom whichis so electronegative, that almost all the
electron density from the covalent bond is drawn towards the O/N atom

This leaves the H with a large delta positive and the O/N with alarge delta negative
charging resulting in the formation of a permanent dipole in the molecule

Adelta positive Hin one molecule is electrostatically attracted to the delta negative
O/Nin aneighbouring molecule

Hydrogen bonds in water molecules

HYDROGEN BONDS
(INTERMOLECULAR
FORCES)

POLAR O-H |
BONDS

[ PERMANENT
[ DIPOLE

Hydrogen bonding in water occurs between the oxygen lone pair of one water molecule

and the §+ hydrogen atoms of another water molecule

4

Your notes
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Inter & Intramolecular Forces /
Your notes

Comparing Bonds & Intermolecular
Forces

Intramolecular forces

= Intramolecular forces are forces within a molecule

= Jonic bondingis the electrostatic attraction between positive (cations) and negative
(anions)ionsin anionic crystal lattice

= Theseions are formed by transferring the electrons from one species to the other
= Covalentbonds are formed when the outer electrons of two atoms are shared

= Metallic bondingis the electrostatic attraction of positively charged metalions and
their delocalised electrons in a metal lattice

Intramolecular forces

IONIC COVALENT

ELECTROSTATIC ATTRACTION
BETWEEN CATION (Na*, METAL)
AND ANION (CL, NON-METAL):
ONE ELECTRON IS TRANSFERRED
FROM Na TO Cl

THE TWO NON-METALS

(HYDROGEN) SHARE TWO
ELECTRONS TO FORM A
COVALENT BOND

06 6® 6.

e—e— - e—

ELECTROSTATIC ATTRACTION

BETWEEN THE POSITIVELY CHARGED
METAL IONS AND THE DELOCALISED
ELECTRONS IN THE METAL LATTICE

The three types of intramolecular forces are ionic, covalent and metallic bonding

Intermolecular forces
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= Intermolecular forces are forces between molecules and are also called van der Waals’ ,
forces

Your notes
= Permanentdipole - permanent dipole are the attractive forces between two

neighbouring molecules with a permanent dipole
= Hydrogenbonds are a special type of permanent dipole - permanent dipole forces

= |nstantaneous dipole - induced dipole (London dispersion) forces are the attractive
forces between atemporary dipole and a neighbouring molecule with aninduced dipole

Permanent dipoles as intermolecular forces

POLAR POLAR
MOLECULE MOLECULE
S+ 5— PERMANENT DIPOLE — S5+ 5—
PERMANENT DIPOLE

FORCES
PERMANENT PERMANENT
DIPOLE DIPOLE

PERMANENT DIPOLE — PERMANENT DIPOLE

Permanent dipole - permanent dipole are the intermolecular forces that occur between
two neighbouring molecules with a permanent dipole

Instantaneous dipoles as intermolecular forces
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ELECTRON CHARGE

CLOUD MOVES

NON-POLAR INSTANTANEOUS
MOLECULE (TEMPORARY) DIPOLE

NON—-POLAR
MOLECULE

ELECTRON CHARGE
CLOUD MOVES

INSTANTANEOUS
(TEMPORARY) DIPOLE

AS THE INSTANTANEOUS DIPOLE
APPROACHES THE NON-POLAR MOLECULE
IT INDUCES A DIPOLE IN THE
NEIGHBOURING NON-POLAR MOLECULE

o+ &— &+ &—
INTER MOLECULAR
ID-ID FORCES
INSTANTANEOUS INDUCED
(TEMPORARY) DIPOLE DIPOLE

INSTANTANEOUS DIPOLE — INDUCED DIPOLE

Instantaneous dipole - induced dipole (London dispersion) forces are the intermolecular
forces that occur between a temporary dipole and a neighbouring molecule with an
induced dipole

Hydrogen bonding as anintermolecular force
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HYDROGEN BONDS
(INTERMOLECULAR S
FORCES) 1

1

POLAR O—H |
BONDS

| PERMANENT
DIPOLE

HYDROGEN BONDS J

Hydrogen bonds are a special type of permanent dipole - permanent dipole forces

= |ngeneral,intramolecular forces are stronger thanintermolecular forces

= The strengths of the types of bond or force are as follows:

The varying strengths of different types of bonds

-

COVALENT BONDING STRONGEST

HYDROGEN BONDING

PERMANENT DIPOLE —
PERMANENT DIPOLE FORCES

INSTANTANEOUS DIPOLE —

INDUCED DIPOLE WEAKEST

Vv

In general, covalent bonding is the strongest force while instantaneous dipole - induced
dipole is the weakest force
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