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Section A: Intermolecular Bonding

Sub-Section: Types of Bonding

Context

» Covalent bonds, ionic bonds, and metallic bonds are examples of intramolecular bonds.

What even is a bond?

Chemical Bond Definition

¥ Definition:

& A chemical bond is a strong force of

» There are two main categories of chemical bonds covered in VCE Chemistry. They include:

] Bonds.

] Bonds.

) ?\
Discussion: What is the difference between intramolecular and intermolecular bonding? ‘ﬁ

Space for Personal Notes
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4

Exploration: Intramolecular vs Intermolecular Bonds %
» Consider 3 water molecules:
» Type of bond between 0 and H: [Covalent] / [lonic] / [Metallic]
» Location of covalent bond: [Within] / [Between] water molecule
¥ Assuch, what type of bond is it? (Label Below)
» What bonds exist between each of the molecules of water? (Label Below)

& &

oW woow
\\ 5- //
e BN,
53& H8+

Intramolecular vs Intermolecular Bonding D,gio..
» Intramolecular bonding - happens molecules.
» Intermolecular bonding - happens molecules.

o &

°0 °0

Wow woow
Inh‘:::&lie;\?la.r\\ (6) /~ \\ i A A P
“ bonding
My

TIP: You can think of intermolecular as going between molecules as international flights go between g
countries.
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|
Q

Sub-Section: Dispersion Forces ® ‘

Let’s have a look at the first type of intermolecular bonding! '

Active Recall: What is a dipole?

Exploration: Dispersion Forces _\}{(‘

» Inside atoms, electrons exist in a region of space called the

& The electrons inside this electron cloud move around

» Consider Beryllium;

& The electrons coul/d be distributed . (Label Below)
& However, as they move randomly, they cou/d also be distributed . (Label
Below)

& When the electrons are distributed unevenly, what charges will exist in the atom? (Label Below)

Symmetvical Asymmetvical

Distvibution Distvibution
& Electron Movement: [Fixed Positions] / [Constant Motion]
& Will they remain in these positions for a long time? [Yes]/[No]
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¢ Dipole Formation: [Temporary] / [Permanent]

» Consider two molecules, both of which have a temporary, uneven distribution of electrons. (Labe/
Below)

» What type of intermolecular bond will form between the two molecules? (Labe/ Below)

©® @

Dispersion Forces

Definition

¥ Definition:

& When two or more temporary or dipoles come together, arising from the
asymmetrical distribution of electrons.

& Arises due to electrons randomly moving in molecules and temporarily group together on one
side.

'Dispwsion
foree

6-!-
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Discussion: Are dispersion forces a strong type of intermolecular bond?

Discussion: Which molecules have dispersion forces?

AN

NOTE: Dispersion forces are the type of intermolecular bonding that exists, as P
they are [temporary] / [permanent] and last for short periods of time.

ALSO NOTE: Dispersion forces occur in molecules.

Are dispersion forces equally strong in every molecule?

Exploration: Strength of Dispersion Forces

== J 4)

» Will a molecule with more or less electrons have a greater chance of forming temporary dipoles?
[More] / [Less] electrons

» Will a molecule with more or less electrons have stronger dispersion forces?
[More] / [Less] electrons

»  What will this look like? (Label Below)

CH12 [1.8] - Intermolecular Bonding - Workbook ‘ 6
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Definition

Features of Dispersion Forces

» Weakest type of intermolecular bonding due to temporary dipoles.

» Occurs in all molecules.

» Atoms/molecules with more electrons have a greater chance for temporary dipoles to be formed and

have stronger dispersion forces.

Let’s have a look at a question together!

Question 1 (2 marks) Walkthrough.

Explain whether hydrogen gas (H,) or fluorine gas (F,) will form stronger intermolecular bonds.

TIP: A quick way to figure out which molecule will have stronger dispersion forces is by checking =
which one has a greater atomic number/mass number!

Space for Personal Notes
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Your Turn! .

Question 2

State which molecule of the pair has stronger dispersion forces.

a. Methane (CH,) vs Hydrogen Gas (H,) b. Nitrogen (N,) vs Bromine (Br,)

Question 3 (2 marks)

Navindu is investigating intermolecular bonding and doesn’t quite understand how dispersion forces work.
Explain how dispersion forces form in molecules.

Question 4 (2 marks)

State whether Fluorine gas or Neon gas will have stronger dispersion forces. Justify your answer.

CH12 [1.8] - Intermolecular Bonding - Workbook ‘ 8
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REMINDER: Some molecules naturally exist diatomically.

o

Question 5 (1 mark) Additional Question.

and N,.
A. CO, has stronger bonding as it is polar whereas N, is non-polar.

B. CO, is a larger molecule, making the bonds heavier and thus stronger.

increasing the strength of the dispersion forces.

D. CO, is heavier and as such can form permanent dipoles.

Select which of the following correctly explains the difference in intermolecular bonding strength between CO,

C. There are more electrons present in CO,, which increases the chance of temporary dipoles to form, thereby

Space for Personal Notes
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8’ >
Sub-Section: Dipole-Dipole Attraction ® ‘

Let’s take a look at another type of intermolecular bonding! '

P

Discussion: What type of molecules contain permanent dipoles?

9

Exploration: Hydrogen Chloride (HCI) Molecules _‘-}%{‘

» Two adjacent HCI molecules:
What is the more electronegative atom? [Chlorine] / [Hydrogen]
What are the partial charges within each of the HCl molecules? (Labe/ Below)

What will form in each HCI molecule? (Label Below)

What will occur between the adjacent ends of the two molecules? (Labe/ Below)

v Vv VY VY VY

What do we call this intermolecular bond formed? (Labe/ Below)

Space for Personal Notes
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Dipole-Dipole Attraction Definition
» Definition:
& Dipole-Dipole Attractions are an intermolecular bond that occurs between two dipoles.
& Dispersion forces occur in all molecules, but dipole-dipole attractions only occur in
molecules.
ol Positive
T | S [ e a— TS
L | L |
Dipole T Dipole
Dipole - Pipole
atHvaction
NOTE: Non-polar molecules can only undergo the weaker dispersion forces. P/

Can dipole-djpole attractions form between any polar molecules or do the '
molecules have to be diatomic?

» How can the C — H bond be classified? [Polar] / [Non-polar]

Exploration: Chloromethane (CH;Cl)

» Which atom is more electronegative? [Chlorine] / [Hydrogen]
» What will the partial charges and dipoles look like? (Label Below)

» What type of intermolecular bond will exist between the two molecules? (Label Below)

CH12 [1.8] - Intermolecular Bonding - Workbook ‘1 1
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NOTE: Regardless of how the polar molecule is arranged, some parts of the polar molecule can act P
as a dipole, and thus dipole-dipole interactions can form.

Discussion: What type of intermolecular bonding is stronger? Dispersion forces or dipole-dipole?

Definition

Features of Dipole-Dipole Attractions
» Dipole-dipole attractive forces also exist in polar molecules that are not diatomic:
'Dipolq, - 'Dipolez
ot R ot 5-
]
L | L |
Dipole Dipole
» Dipoles in polar molecules are , these are than temporary
dispersion forces.

4

the dipole-dipole attraction will be. P

NOTE: The more polar the molecule is, the

Space for Personal Notes
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Let’s have a look at a question together! .

Question 6 Walkthrough.
For each of the following molecules:
i. Draw the Lewis structure.
ii. Draw any relevant polarity arrows.
iii. State the strongest type of intermolecular bonding they can exhibit.

a. 0,

b. CO,

(1)

REMINDER: Don't forget If the polarity arrows cancel due to the molecule being symmetric, the
molecule is non-polar overall, despite having polar bonds.

CH12 [1.8] - Intermolecular Bonding - Workbook ‘1 3




G.ONTOUR EDUCATION VCE Chemistry ¥ Questions? Message +61 440 137 304

Your Turn! .

Question 7 (2 marks)
Flynn is investigating two of the most abundant chemicals used in society, methane (CH,) and water (H,0).
a. Draw the Lewis structures of:

i. Water

ii. Methane

b. State the polarity of:

i. Water

ii. Methane

c. Hence or otherwise, explain whether water or methane will have stronger intermolecular bonding. (2 marks)

CH12 [1.8] - Intermolecular Bonding - Workbook ‘14
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Question 8 (2 marks)

Explain whether Hydrofluoric acid (HF) or Hydrochloric acid (HCI) will have stronger intermolecular bonding.

Question 9 (1 mark)
Which of the following best compares the intermolecular bonding of HCI versus Br,?
A.

B.

Both molecules are non-polar but Br, has stronger dispersion forces.

HCI is polar whereas Br,is hon-polar so HCl will have dipole-dipole forces which are stronger than Br,’s
dispersion forces.

Br,'s dispersion forces will overpower HCI’s dipole-dipole bonds, and so bromine has stronger intermolecular
bonding.

Both are polar but HCI has a larger electronegativity difference so it has stronger dipole-dipole bonding.

NOTE: You are not expected to know the cases in which dispersion forces overpower dipole-dipole p/
forces of attraction, but the idea is very important!

Question 10 Additional Question.

For each of the following, list all the types of intermolecular forces present between the molecules.

a.

b.

Hydrochloric acid (HCI) ¢c. Ammonia (NH;)

Methane (CH,) d. Methanol (CH;0H)
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REMINDER: Don't forget that every molecule contains dispersion forces!

o

Jof |

Sub-Section: Hydrogen Bonding

|

Let’s have a look at the final type of intermolecular bonding! .

4
Exploration: Hydrofluoric Acid (HF) Bonding %
» Consider adjacent HF molecules:
& What will happen to the shared pair of electrons and their partial charges? (Label Below)
& What force will exist between the F on the left and the H on the right? (Labe/ Below)
& What is the electronegativity difference between H and F?
& What will happen to the hydrogen atom? What will the fluorine atom now be able to do? (Labe/
Below)
X X X X
BoL FX . B L F:
X X X X
» Hence, is this a strong or weak dipole-dipole bond? [Strong] / [Weak]
» This type of bonding is given a special name, which is called a

= ?\
Discussion: How does the strength of hydrogen bonding compare with dispersion forces and
dipole-dipole attractions?
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Features of Hydrogen Bonding Definition

¥ Definition:

& Hydrogen bonds are a special type of dipole-dipole bond which are very strong. They are the
type of intermolecular bond due to:

& The large

& The which is small in nature, allows molecules to approach close to
it, as it is left exposed to the large electronegativity difference.

Completel
exp':::wg
l Palle o= g-
dose x x X X
+
W o Fx. Y :Fxe

X X X X
Fluovine can
approach vev
PP closely I

=
Discussion: What other highly electronegative elements can bond with H to form a hydrogen bond?&

Exploration: Hydrogen Bond Formation

» Hydrogen Bonds can form when there are hydrogens that are covalently bonded to one of the three
following atoms:

@

@

©
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» Consider ammonia (NH;) and water (H,0) molecules:
© Is there a H atom covalently bonded to one of F, 0, or N? [Yes] / [No]
& What does this look like on NH; and H,07? (Label Below)

© |Is that same H atom able to form a dipole-dipole attraction with a F, 0, or N atom on an adjacent
molecule? [Yes] / [No]

& What will this look like on NH; and H,0? (Label Below)

3 o
.0.

H LN _ H
5 g O % y .%." 5 &
H ) B

5t + H
A o gt

TIP: Remember Hydrogen has to be covalently bonded to one of FON (Fluorine, Oxygen or Nitrogen).

NOTE: It is actually the of electrons on the adjacent molecule’s F, O or N that ﬁ/
the hydrogen atom is attracted to a hydrogen bond!

™~ %
Discussion: Is the following a hydrogen bond? ‘ﬁ
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Misconception

4

"... and any one of Fluorine, Oxygen or Nitrogen"

TRUTH:
Hydrogen Bonds can only form between one of FON and a hydrogen
which is bonded to one of FON

» Whatis the issue with the example in the discussion? (Labe/ Above)

Hydrogen Bond Formation Definition

» Hydrogen has to be covalently bonded to one of FON (Fluorine, Oxygen or Nitrogen):

06 . Hgirogm Bonds 5:
N / 2 \ 0"
H H T}
g O SN o Y
i H
T s+ M
5t
» It can occur with any F, O or N atom on a neighbouring molecule, and hydrogen which is covalently
bonded to one of FON:
Hobond O

Oxugen is not
covalently bonded to I
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Let’s have a look at a question together! .

Question 11 Walkthrough.
State whether or not the following molecules can form hydrogen bonds.

a. Ammonia (NH;)

b. Methanal

TIP: When trying to determine whether a substance can form hydrogen bonds with itself, simply check g
there is a H atom covalently bonded to one of F, 0 or N!
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~

Recall!

Active Recall: Rank the 3 intermolecular bonds from strongest to weakest, and state the
condition(s) for each of them to form.

Your Turn! .

Question 12

State the strongest type of intermolecular bonding in the following molecules.

H
H-c-0H
H

a. Methanol (CH;OH)

CH12 [1.8] - Intermolecular Bonding - Workbook ‘21
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H
o S
A
<
0

Question 13 Additional Question.

List all the intermolecular bonds that can exist between the following molecule:

H 0 H H

H Cc—C 0 C C H

CH12 [1.8] - Intermolecular Bonding - Workbook ‘22
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Misconception

4

” Hydrogen bonds have to occur in molecules which only havea H — F,H— 0 or H— N bond ”
Truth:
It can occur with any F, O, or N atom on a neighbouring molecule and a hydrogen which is covalently
bonded to one of FON.
» Consider Methanal and water:

& Where would a hydrogen bond exist? (Label Below)

& What is different about the 0 in methanal? (Labe/ Below)

» Is this still a hydrogen bond? [Yes] / [No]

NOTE: Understanding intermolecular bonding, especially hydrogen bonding, is something that is ﬁ/
essential for % Chemistry as well!

Space for Personal Notes

CH12 [1.8] - Intermolecular Bonding - Workbook ‘23




(S4ONTOUREDUCATION

VCE Chemistry ¥z Questions? Message +61 440 137 304

Let’s have a Jook at another example together!

~

Question 14 Walkthrough.

State the strongest type of intermolecular bonding that will exist between the following molecules:

a. Methanol (CH30H) and carbon dioxide (CO,)

b. Methane (CH,) and nitrogen (N,)

Try a few more questions/

Question 15 (3 marks)

Explain why ammonia can form hydrogen bonds. Use a diagram to support your answer.

Space for Personal Notes
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Question 16
State the strongest type of intermolecular bonding in the following molecules.

a. Ethanoic Acid

b. Methanamine (CH;NH,)

H

H

c. Methyl Methanoate (CH3;COCH3)

H
H—C N
H
0

H—C

o
Q=%
pm
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REMINDER: Don't forget When trying to determine whether a substance can form hydrogen bonds
with itself, simply check if there is a H atom covalently bonded to one of F,0 or N!

4

NOTE: We'll cover the naming of these organic compounds later on in the year! P

Question 17 Additional Question.

Draw two water molecules, explaining and labelling the strongest intermolecular bonding between them.

Space for Personal Notes
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Sub-Section: Comparing Intermolecular Bonding @

~

Let’s now compare these bonds/

Comparing Intermolecular Bonding Definition

Weakest Intermolecular Bond. Stronger Intermolecular Bond. Strongest Intermolecular Bond.

Only occurs between one of

Occurs in all molecules. Only occurs in polar molecules. FON and a hydrogen which is

covalently bonded to FON.
Formed from the high

Formed by Formed from permanent dipoles electronegativity between
temporary/instantaneous due to polarity of molecules hydrogen (H) and one of FON
dipoles which form temporary which results in electrostatic which exposes the hydrogen
partial charges. attraction. atom to even stronger

electrostatic attraction.

Space for Personal Notes

CH12 [1.8] - Intermolecular Bonding - Workbook ‘27




G.ONTOUR EDUCATION VCE Chemistry ¥ Questions? Message +61 440 137 304

Let’s have a look at a question together! .

Question 18 (5 marks) Walkthrough.
Matthew is investigating hydrochloric acid (HCI) and water (H,0).

a. Draw the Lewis structures for each of these molecules. (2 marks)

b. Hence or otherwise, explain whether hydrochloric acid (HCI) or water (H,0) will have stronger intermolecular
bonding. (3 marks)

Space for Personal Notes
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Your Turn! .

Question 19 (6 marks)
State which of the following has stronger intermolecular bonding, and briefly justify your answer.

a. CH,CI, vs HF. (2 marks)

b. Ethyl ethanoate vs Ethane. (2 marks)

H O H H# H H H H
B Cc-c0C-C-# V& H-cCc Cc-Cc-CH
H H # H # # #

¢. Methanal vs Hydrochloric acid. (2 marks)
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Question 20

Which of the following substances exhibits the strongest hydrogen bonding?
A. CH, (Methane)

B. H,0 (Water)

C. HF (Hydrogen fluoride)

D. NH; (Ammonia)

Question 21
Select the statement that describes the two requirements for hydrogen bonding.
A. A hydrogen atom covalently bonded to any atom and a non-bonding pair of electrons on any atom.

B. A hydrogen atom covalently bonded to an oxygen, a nitrogen or a fluorine atom and a non-bonding pair of
electrons on any other atom.

C. A hydrogen atom covalently bonded to any atom and a non-bonding pair of electrons on a neighbouring
oxygen, nitrogen or fluorine atom.

D. A hydrogen atom covalently bonded to an oxygen, nitrogen or fluorine atom and a non-bonding pair of
electrons on a neighbouring oxygen, nitrogen or fluorine atom.

Question 22 Additional Question.

Identify which of the following molecules would form hydrogen bonds with water.

a. Ethanol, CH;CH,0OH d. Ethanoic acid, CH;COOH
b. Ammonia, NH; e. Tetrachloromethane, CCl,
c. Phosphine, PH; f. Ethanal, CH;CHO
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\|/

Kev Takeaways

M Intramolecular bonding - happens within molecules.
M Intermolecular bonding - happens between molecules.

M Dispersion forces occur when two or more temporary or instantaneous dipoles come together, arising
from the asymmetrical distribution of electrons

M Dispersion forces occur as electrons are randomly moving in molecules, and so they may temporarily
group closely together on one side

M Dispersion forces are the weakest type of intermolecular bonding that exist, and occur in all
molecules.

M Atoms/molecules with more electrons have a greater chance for temporary dipoles to be formed, and
as such, have stronger dispersion forces

M Dipole-Dipole Attractions are an intermolecular bond that occurs between two dipoles.

M While dispersion forces can occur in all molecules, dipole-dipole attractions only occur in polar
molecules.

M Dipoles in polar molecules are permanent, these forces are stronger than temporary dispersion.

M Hydrogen bonds are a special type of dipole-dipole bond. They are the strongest type of
intermolecular bond due to:

& The large electronegativity difference.

& The hydrogen atom which is small in nature allows molecules to approach close to it as it is left
exposed from the large electronegativity difference.

M For a H-bond to form:

& A hydrogen atom has to be covalently bonded to one of FON (Fluorine, Oxygen or Nitrogen):
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molecule

& That same H atom can form a dipole-dipole bond with any F, O or N atom on a neighbouring

Dispersion Forces

Dipole-dipole Hydrogen Bonds

Weakest Intermolecular Bond.

Stronger Intermolecular Bond. Strongest Intermolecular Bond.

Occurs in all molecules.

Only occurs between one of
Only occurs in polar molecules. FON and hydrogen which is
covalently bonded to FON.

Formed by
temporary/instantaneous
dipoles which form temporary
partial charges.

Formed from the high

Formed from permanent dipoles electronegativity between
due to polarity of molecules hydrogen (H) and one of FON
which results in electrostatic which exposes the hydrogen

attraction. atom to even stronger

electrostatic attraction.

Space for Personal Notes
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Section B: Boiling and Melting Points

Context

P Substances can generally exist in one of three physical states: (Label Below)

Partidde Avvangement in
Phases of Mater

OO0 Oogjoo o, ®
| [ %

Po\rhde, mm, o\f.kw\ Partidles ave dosed Partides ave free

hﬁ u‘g goth w m a together with no floating with no
x AVM'\QW\M distinct avvangement. distinet avvangement.
Partides can vibrate Partides can move Pavtidles move and
but not move. and slide avound ecach collide with each
e, other.

Boiling & Melting Points Definition
» Boiling is the state change between and
» Melting is the state change between and

Discussion: What makes something a solid, liquid or gas at a given temperature?

Space for Personal Notes
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Exploration: Changing State of Matter %é(‘
<
S ;!
4
%
-:r::jz_*,?: =
| |
|
Ko
" Liquid

» When substances melt (go from solid to liquid), what happens to the intermolecular bonds?

» When substances boil (go from liquid to gas), what happens to the intermolecular bonds?

™~ %
Discussion: If a substance has stronger intermolecular bonds, is it more or less likely to melt? ‘ﬁ

Changing States of Matter Definition

» Substances exist either as a solid, liquid or gas at a given temperature.

» State depends on the of intermolecular bonds.
Melting (Solid to Liquid) Intermolecular bonds are
Boiling (Liquid to Gas) Intermolecular bonds are
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NOTE: Intramolecular bonds (covalent bonds) are disrupted when a phase change takes ﬁ/
place!

Let’s have a look at a question together! .

Question 23 (4 marks) Walkthrough.

Explain whether water or hydrogen gas (H,) is likely to have a higher melting point.

Sample Response: Melting/Boiling Point

» Substance X has stronger intermolecular bonding because *insert reasoning*.

© It undergoes *insert type of bond*, which is a stronger intermolecular bond than *insert
Substance Y's bonding*.

& Itis alarger molecule, and therefore, can exhibit stronger dispersion forces than Substance Y.

» As such, more thermal energy is required to vibrate and weaken (for melting point) / break (for
boiling point) the intermolecular bonds for Substance X.

» This leads to a higher melting/boiling point for Substance X.

Space for Personal Notes
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Your Turn! .

Question 24 (4 marks)

Explain whether hydrogen chloride (HCI) or oxygen gas (0,) has a higher boiling point.

REMINDER: Don't forget!
» Melting point only requires intermolecular bonds to be weakened.

» Boiling point only requires intermolecular bonds to be completely broken.

Question 25

Which statement best explains the difference in bond strengths within a water molecule compared to between
water molecules?

A. The covalent bonds within water molecules are stronger than the hydrogen bonds between water molecules

B. Hydrogen bonds within water molecules are stronger than covalent bonds between water molecules, leading to
water's low boiling point.

C. The covalent and hydrogen bonds in water have similar strengths, which accounts for water's high melting
point.

D. Hydrogen bonds between water molecules are non-existent, resulting in water's unique physical properties.
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Question 26 Additional Question.

Which statement correctly explains the difference in boiling points between ammonia (NHs), phosphine (PHs),
and arsine (AsHz)?

A. Arsine has the highest boiling point due to strong hydrogen bonding.
B. Ammonia has a higher boiling point than phosphine and arsine due to hydrogen bonding.
C. Phosphine and arsine have higher boiling points than ammonia because they are heavier.

D. All have similar boiling points due to similar dispersion forces.

Try one more question to bring everything together! .

Question 27 (6 marks)

Lugue is a funny lad, and thus tries to investigate two molecules — sulphur dioxide (SO,) and carbon dioxide
(COy).

The structure of sulphur dioxide is shown below, which does not obey the Octet Rule. (Outside the study design.)

S
0

a. Draw the polarity arrows and partial charges on the sulphur dioxide molecule provided. (1 mark)

b. Draw the Lewis Structure of carbon dioxide (CO,). (1 mark)
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boiling point. (4 marks)

c.  With reference to their structure and bonding, state and explain which molecule is most likely to have a higher

Space for Personal Notes
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Cal
Contour Checklist C‘/

O Learning Objective: [1.8.1] - Explain how dispersion forces form &
identify molecules that can exhibit them

Study Design

‘the relative strengths of intramolecular bonding (covalent bonding) and intermolecular forces
(dispersion forces, dipole-dipole attraction and hydrogen bonding)”

Key Takeaways

O Dispersion forces: when two or more or instantaneous dipoles come
together, arising from the [symmetrical] / [asymmetrical] distribution of electrons.

and so they may temporarily group closely together on one side.
0 Dispersion forces are the [strongest] / [weakest] type of intermolecular bonding that exists.
O Dispersion forces occur in [polar] / [non-polar] / [all] / [specific] molecules.

O Atoms/molecules with more electrons have a [greater] / [same] / [lesser] chance for temporary
dipoles to be formed, and as such, have [stronger] / [identical] / [weaker] dispersion forces.

0 This intermolecular bond occurs because electrons are [fixed] / [randomly moving] in molecules,
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O Learning Objective: [1.8.2] - Explain how dipole-dipole attractive forces
form & identify molecules that can exhibit them

Study Design

‘the relative strengths of intramolecular bonding (covalent bonding) and intermolecular forces
(dispersion forces, dipole-dipole attraction and hydrogen bonding)”

Key Takeaways

a are an intermolecular bond that occurs between two dipoles.

0 While dispersion forces can occur in all molecules, dipole-dipole attractions only occur in
molecules.

O Asdipoles in polar molecules are [temporary] / [permanent], these forces are [stronger] /
[weaker] than dispersion forces, wherein the dipoles are only temporarily formed.
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O Learning Objective: [1.8.3] -

molecules that can exhibit them

Explain how hydrogen bonds form & identify

‘the relative strengths of intramolecular bonding (covalent bonding) and intermolecular forces
(dispersion forces, dipole-dipole attraction and hydrogen bonding)”

Study Design

Key Takeaways

close to it as it is left exposed from the |
0 For a H-bond to form:

O Ahydrogen atom has to be

0 Hydrogen bonds are a special type of dipole-dipole bond. They are the type
of intermolecular bond out of the three major intermolecular bonds. This is due to:

O The large

O The atom which is [small] / [large] in nature allows molecules to approach

arge electronegativity difference.

bonded to one of FON (Fluorine, Oxygen or

Nitrogen):

O That same H atom can form a dipole-dipole bond with any F, O or N atom on a
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O Learning Objective: [1.8.4] - Apply intermolecular bonding to compare
molecules’ melting & boiling points

Study Design

“physical properties of molecular substances (including melting points and boiling points and non-
conduction of electricity) with reference to their structure and bonding”

Intramolecular bonding - happens [within] / [between] molecules.

Intermolecular bonding - happens [within] / [between] molecules.

Substances exist either as a

Key Takeaways

Their state depends on the strength of its

a given temperature.

bonds.

is the phase change from Solid — Liquid: Intermolecular bonds are

is the phase change from Liquid — Gas: Intermolecular bonds are

Weakest Intermolecular Bond.

Stronger Intermolecular Bond.

Intermolecular
Bond.

Occurs in all molecules.

Only occurs in polar molecules.

Only occurs between one of
FON and a hydrogen which is
covalently bonded to FON.

Formed by

dipoles which form temporary
partial charges.

Formed from
dipoles due to polarity of
molecules which results in
electrostatic attraction.

Formed from the high
electronegativity between
hydrogen (H) and one of
which exposes the
hydrogen atom to even
stronger electrostatic
attraction.
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