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Section A: Polar Bonds

1o )
U

Sub-Section: Electronegativity

Active Recall: What is electronegativity?

Electronegativity is an atom'’s ability to attract an electron towards itself.

Discussion: What two factors influence an atom'’s electronegativity?

=
|
~

Let’s recap how electronegativity varies for substances in the periodic table!

Exploration: Electronegativity

2= 9

P Electronegativity is based on two factors:

¢ eexwOsCRaR =

G _OACRSNE.. SO ?

» If we first consider Sodium (Na) vs Chlorine (CD):

# oz z 2z &z oz 1% 2 5 2 o 2 7 oz 1’z
1 2 3 . 4 5 H b H
Na Mg Al Si P S (& Av
Sodium Magnesiam Aluminium Silicon Phosphoras Sulfur Chlorine Avrgon
22484.. 24305 20981 28085  309%. 32006 3545 31948
o4
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» As we move across a period:

& What happens to the number of protons in the nucleus? [Increases] / [Decreases] / [Stays the
same] =

G As such, what happens to the core charge?[Increases] / [Decreases] / [Stays the same] =
G Hence, what happens to electronegativity? [increases] / [Decreases] / [Stays the same] =
» If we now consider Fluorine (F) vs Bromine (Br) in group 17 of the periodic table:
(17)
q

F

Fluovine
18.9984

1#
cl
Chilorine
35453

35
By
e
o o
53

lodine
120.9044

85
At
Astatine
(210)

Halogu\s

» As we go down a group:
& What happens to the number of shells? [Increases] / [Decreases] / [Stays the same] =

& As such, what happens to the distance between the nucleus and an external electron?
[Increases] / [Decreases] / [Stays the same] =

G Hence, what happens to electronegativity? [Increases] /(Déecreases) / [Stays the same] =

Active Recall: What is the most electronegative element in the periodic table?
Fluorine
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1. Periodic table of the elements

1 2
H He
1.0 4.0
hydrogen helium
3 4 atomic number 79 5 6 7 8 9 10
Li Be Au symbol of element B C N [0} F Ne
6.9 9.0 relative atomic mass [ 197.0 10.8 12.0 14.0 16.0 19.0 202
lithium beryllium gold name of element boron carbon nitrogen oxygen fluorine neon
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
23.0 24.3 27.0 28.1 31.0 32.1 35.5 39.9
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Se Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
85.5 87.6 88.9 91.2 92.9 96.0 (98) 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
rubidium strontium yttrium zirconium niobium | molybdenum | technetium | ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba 57-71 Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.9 137.3 lanthanoids 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 (210) (210) (222)
caesium barium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra 89-103 Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
(223) (226) actinoids (261) (262) (266) (264) (267) (268) (271) (272) (285) (280) (289) (289) (292) (294) (294)
francium radium rutherfordium | dubnium seaborgium bohrium hassium meitnerium |darmstadtium | roentgenium | copernicium | nihonium flerovium | moscovium | livermorium | tennessine oganesson
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.9 140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.1 175.0
lanthanum cerium praseodymium | neodymium | promethium | samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
= 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
= Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
§ (227) 232.0 231.0 238.0 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)
o actinium thorium protactinium | uranium neptunium plutonium americium curium berkelium | californium | einsteinium fermium |mendelevium| nobelium | lawrencium
<
; The value in brackets indicates the mass number of the longest-lived isotope.
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Electronegativity

E(wdvonmgaﬁvi'l'g iNreases awoss a peviod. .
1 2 13 14 15 16 17
Li Be B C N 0 F
10 16 2.0 206 30 34 40
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i,; 04 1.3 1.0 14 22 26 32
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$3E 0.8 1.0 1.8 2.0 22 2.6 3.0
s‘; Rb S la Sn Sb T |
§3(| o8 10 18 20 24 24 2%
i § e Ba n P B Po At
< 08 04 2.0 23 20 20 2.2
f Ra
07 04

Let’s try a question together! .

Question 1 (3 marks) Walkthrough.

Mike and Joey are investigating atoms, and they both bring along an atom of their own. Mike brings along
Arsenic, while Joey brings along Tin:

Who is more likely to have a more electronegative atom? Justify your answer.

. S \ ) '\\‘\“ -\& %I@\ és_

=D ASNESES. DO QA QOenS. MO, = Sssonnsaes
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Your turn/

VCE Chemistry %2

~

Question 2 (2 marks)

State whether carbon or O is expected to be more electronegative. Justify your reasoning.

;Qtﬁ*\.

M\.‘ ‘Q‘ QN&—W‘\ ‘{ Q™ QAassasSN\ORN

Question 3 (2 marks) Additional Question.

Predict whether sulphur or selenium will have a greater electronegativity. Justify your answer.

S. Sehas 1 more shell and so less attraction between nucleus and an external electron. (2)

Space for Personal Notes
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Sub-Section: Polar Bonds

Active Recall: What happens with valence electrons in a covalent bond?

S,

Discussion: Are the electrons in a covalent bond shared evenly?

.

Exploration: F — F covalent bond

» Consider a F — F covalent bond:

» What will both fluorine atoms do with the shared pair of electrons to get a full outer shell?
(Label Below) &

» For fluorine: What is its electronegativity? As such, what is its pull on the shared electrons?
(Label Below) 2

»  Will the two fluorine atoms pull with{[equal) / [different] strength? =

» Ultimately, where will the shared pair of electrons be positioned? (Labe/ Below) ™

Electvons ave exacty
W = N

oo l X X
‘Fox F3

X

) %
Q Mduhonogaﬁvi{'g

(&%£ull on electvons)
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a

F — F Covalent Bond Definition

» InaF - F bond, both fluorine atoms pull on the electrons equally strongly, and thus the electrons are
located exactly in the centre of the bond.

Electvons ave exacty
in Hhe centve

l

°e Pull o~ Pull o~ X X

® cose ¢ cose X
° — X — %
PP = X X

High dectvonegativity
(s*lvoﬂg Pull on electvons)

Analogy: Tug of War 1.0

» Imagine two people who are equally strong in a game of tug of war.

-

M
G- -

» On which person'’s side, will the centre of the rope (red line) be closer to? =

Bein the centre.

CH12 [1.7] - Polarity - Workbook ‘ 7
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What if the two elements aren’t identical? .
9
Exploration: H — F bond %

» Consider a H — F covalent bond:
» What will both atoms do to the shared pair of electrons to get full outer shells? (Labe/ Below) S

» For fluorine; What is its electronegativity? As such, what is its pull on the shared electrons?
(Label Below) 2

» For hydrogen: What is its electronegativity? As such, what is its pull on the shared electrons?
(Label Below) 2

» Thus, will the hydrogen atom and fluorine atom pull with [equal] / [different] = strength?

» Ultimately, which atom will the shared pair of electrons be closer to? (Labe/ Below) ™

Electvons arve located
doser to Qoo

X X
H -
o
X X
o
oS electvonegativity %dedvomaaﬁvﬂ'g
eagpull on :?od-vons &Qﬁgpu“ on lectvons
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a

Definition

H — F Covalent Bond

» InaH - Fbond, fluorine has a higher electronegativity and thus, pulls stronger on the
electrons, thus resulting in the electrons being located closer to the F atom than the H atom.

Electvons ave located

dosev 4o Fluovine

X X
X X
ol

Low dectvonegativi High electvonegativi
|>u|| on :?e,d'v:;\gs stvong pull on mdv:r?s

Analogy: Tug of War 2.0

» Imagine there's a weakling (pink) against a super buff dude (blue):

H - weak F - strong

. -

-

—

» On whose side, will the centre of the rope be? ™

Buff/blue guy

CH12 [1.7] - Polarity - Workbook ‘ 9
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How does electronegativity within a bond, affect the charge of the molecule? .

Partial Charges (&) g‘ N

» Definition: Partial charges are given when the overall charge of a substance is non-integer, due to

w distribution of electrons.

Exploration: Polar Covalent Bond ‘ \f{

» Consider H — F:

» Which atom, are the shared electrons being pulled closer towards? [Hydrogen] / [Fluorine] ™
» What charge do electrons have? [Positive] / [Negative] =
>

As such, what will fluorine’s charge be? Partially [positive]/[négative]. &

v

Since hydrogen is almost ‘losing’ these shared electrons, it will become partially[positive] /
[negative]. &

» What will this look like? (Label Below) &
\t Q

H . F

2

ST FS
»  As such, this asymmetric distribution of charges forms a m <

» And thus, we call the bond M_ 2

CH12 [1.7] - Polarity - Workbook ‘1 0
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NOTE: These charges are partial 2 as the electrons are being [shared] / [transferred] =, /
and not completely lost/gained like they are in an ionic bond, where the ions have full charges!

Definition

Polar Covalent Bonds

» Definition: A covalent bond is determined to be polar if thereis an ____\SoWSNeS2 < electron

distribution.
) ) ) partialy positive - o )
» Thatis, one side of the molecule is . «', and the other side is partially
hegative , & meaninga___ dipole 2 is formed.

& &
( X )

o (]

o
o0

Analogy: Magnets

» Think about a polar molecule having two poles just like a magnet!

SH—Fs
N @ S

» This is why it's called a dipole - it has di poles! (Labe/ Below) S

Dipole

Two & Poles

TIP: A substance which is polar usually contains a dipole! =

CH12 [1.7] - Polarity - Workbook ‘1 1
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How does the bond look if both atoms have the same electronegativity?

Exploration: Non-Polar Covalent Bond ‘ %ﬁ :

» Do oxygen atoms (0) have high or low electronegativity? =
high

» If we consider a 0 = 0 bond, what is the difference in the electronegativity between the two oxygen
atoms? =
0
» This is what the 0, molecule looks like, as we have seen previously:

G How does the left oxygen atom's electronegativity compare to the right one's? (Labe/ Below) ™

G As such, how will the shared electrons be distributed? (Labe/ Below) &

Even distvibution of

ectvons
o ¢ <
X

e/

Same e/le,cl"rom,gaﬁ vi'lu

L . ] cancels out -
» Even though oxygen is highly electronegative, their strong pull «', and thus, there
is an [even] / [uneven] < distribution of electrons.
no =3 : dipoIe =3
» As such, there are « partial charges, and consequently, no .-

non-polar

» Hence, this 0 = O covalent bond is a 2 bond.

Space for Personal Notes
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1. Periodic table of the elements

1 2
H He
1.0 4.0
hydrogen helium
3 4 atomic number 79 5 6 7 8 9 10
Li Be Au symbol of element B C N [0} F Ne
6.9 9.0 relative atomic mass [ 197.0 10.8 12.0 14.0 16.0 19.0 202
lithium beryllium gold name of element boron carbon nitrogen oxygen fluorine neon
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
23.0 243 27.0 28.1 31.0 32.1 35.5 39.9
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Se Ti \% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te 1 Xe
85.5 87.6 88.9 91.2 92.9 96.0 (98) 101.1 102.9 106.4 107.9 112.4 114.8 118.7 121.8 127.6 126.9 131.3
rubidium strontium yttrium zirconium niobium | molybdenum | technetium | ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba 57-71 Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.9 137.3 lanthanoids 178.5 180.9 183.8 186.2 190.2 192.2 195.1 197.0 200.6 204.4 207.2 209.0 (210) (210) (222)
caesium barium hafnium tantalum tungsten rhenium osmium iridium platinum gold mercury thallium lead bismuth polonium astatine radon
87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra 89-103 Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
(223) (226) actinoids (261) (262) (266) (264) (267) (268) (271) (272) (285) (280) (289) (289) (292) (294) (294)
francium radium rutherfordium | dubnium seaborgium bohrium hassium meitnerium |darmstadtium | roentgenium | copernicium | nihonium flerovium | moscovium | livermorium | tennessine oganesson
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.9 140.1 140.9 144.2 (145) 150.4 152.0 157.3 158.9 162.5 164.9 167.3 168.9 173.1 175.0
lanthanum cerium praseodymium | neodymium | promethium | samarium europium gadolinium terbium dysprosium holmium erbium thulium ytterbium lutetium
= 89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
= Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
§ (227) 232.0 231.0 238.0 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)
o actinium thorium protactinium | uranium neptunium plutonium americium curium berkelium | californium | einsteinium fermium |mendelevium| nobelium | lawrencium
<
; The value in brackets indicates the mass number of the longest-lived isotope.

004 VIVA AJLSINGHD
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a

Definition

Non-Polar Covalent Bond

» Definition: When two atoms have similar electronegativities, their shared electrons are roughly
evenly distributed, resulting in no net dipole.

Even distvibution of
electvons

© i

0
\&,/

Same electvonegativity

xXexe

o

Analogy: Arm Wrestling 1.0 &

» If we think about a super strong person arm wrestling a regular person, who would win?
(Circle Below) =

strong person

& This is just like the H — F example we saw earlier, wherein F was much more electronegative
than H, resulting in a [polar] / [non-polar] = bond.

CH12 [1.7] - Polarity - Workbook ‘1 3
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» Now, think about two very strong people who are equal in strength, who will win the arm wrestle? =

tie

» Just like the two strong men, the two oxygen atoms have high electronegativity, but because they
are equally strong, their effect cancels out, so the bond is [polar] / [non-polar] = overall!

Let’s try a question together! .

Question 4 (3 marks) Walkthrough.
Kaushik is investigating various types of covalent bonds, and he stumbles upon the O — H bond.

a. Explain why the O — H bond is considered to be polar. (2 marks)

Thereis an uneven distribution of electrons between H and O as O is more electronegative than H (1).
Assuch, adipoleisformed (2), making the bond polar.

b. Draw and label the O — H bond with the appropriate partial charges. (Ignore lone pairs.) (1 mark)

6~ 5"

0-H

CH12 [1.7] - Polarity - Workbook
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Your turn! .

Question 5 (2 marks)
Explain whether the S = S bond is considered to be polar or non-polar.

Non-polar (1).
They are equally electronegative and so the shared electrons will not be pulled closer to elither atom,
so no dipoleisformed. (2)

Question 6

Label the partial charges on the following bonds by comparing their electronegativities.

# 0—F &

5 P—Clé§

Question 7 Additional Question.

State whether a bond between sulphur and phosphorus is expected to be polar or non-polar, and state the
electronegativity difference.

Non-polar; 0.4

Space for Personal Notes
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0

Sub-Section: Level of Polarity

00

Discussion: Is every polar bond identical?

Exploration: HF vs HCI Polarity
» If we consider fluorine (F) and chlorine (Cl), which is more electronegative? =
[Chlorine] / [Fluorine]

» What does HF and HCl look like? (Labe/ Below) &

Electvons ave vevy
Cose o Fluorine

l

SR cFé

s'H Cls

T

Elechvons ave _not as close
Cose +o Chlovine

» Are the shared electrons right in the centre for either molecule? [Yes] / [No] =

» As such, both

bond.
[HF] / [HC]] =
» As such, which molecule has a stronger dipole? [HF] / [HCI] =

» Therefore, which molecule will be more polar? [HF] / [HCl] =

< molecules have a dipole, and thus, both molecules have a [polar] / [non-polar] &

» However, which molecule has a greater electronegativity difference between its two atoms?

m®- §25

CH12 [1.7] - Polarity - Workbook
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a

Level of Polarity Definition

» The level of polarity depends on the difference in electronegativity between the atoms.

» For example, H has a greater electronegativity difference with F than with Cl, which is why HF has a
stronger dipole, and thus is a more polar bond than HCI.

Elechvons ave vexy
Close to Fluovine

l
SH F&
SH : Cls

!

Eleckvons ave _not as dose
Close +o Chlovine

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

Question 8 (2 marks) Walkthrough.

Explain whether a N — H or O — H bond would be more polar.

The electronegativity difference between O and H 1s greater than that of N — H, as O 1s more
electronegative than N (1). As such, O — H will have a stronger dipole than N — H, and will thus be a
more polar bond (2).

Space for Personal Notes
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Your turn/

VCE Chemistry %2

~

Question 9

Select the type of atom that would produce the most polar bond if bonded to an oxygen atom. Do not refer to the

electronegativity values.

A.

B.

Silicon, Si
Phosphorus, P
Sulphur, S

Chlorine, CI

Question 10

Order the polarity of the following covalent bonds from lowest to highest. Do not refer to the electronegativity

values.

Sulphur — Nitrogen, Oxygen — Nitrogen, Nitrogen — Nitrogen, Hydrogen — Nitrogen, Carbon — Nitrogen.

N-N,O-N,S-N,C-N,H-N

Question 11 Additional Question.

Select the correct description of how the electrons are distributed in a polar, diatomic molecule.
A.

B.

The electrons are located halfway between the two atoms.
On average, the electrons are distributed evenly across the entire molecule.
On average, the electrons stay closer to the most electronegative atom.

On average, the electrons stay closer to the least electronegative atom.

CH12 [1.7] - Polarity - Workbook
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Sub-Section: Covalent vs lonic Bonding

o>
-

Discussion: Can an atom be so electronegative that it steals the electron entirely? r <

yes

Exploration: HF Large Electronegativity Difference

)

» For this scenario:

G The hydrogen is [more]/[less] = electronegative than the fluorine and thus, has a
[stronger]/[weaker] ~ pull than the fluorine.

G Will hydrogen desperately try to still have some electrons in its outer shell? [Yes] / [No] =

G As such, it will barely hang on to the electrons, so they [will] / [will not] & be entirely taken by
fluorine.

Analogy: Arm Wrestling 2.0 &

» Think about an arm wrestle between two opponents - one slightly stronger than the other.

!

CH12 [1.7] - Polarity - Workbook ‘1 9




(S4ONTOUREDUCATION

VCE Chemistry %2

(given that they are not too weak) can

» While one opponent is slightly stronger than the other and will be dominating, the weaker opponent

hold on < for a long time!

» This is the same with bonds, while the fluorine is more electronegative than the hydrogen, the

hydrogen wants a full outer shell 2. As such, it will hold on to the electrons as much
as it can!
Extension %é

» For HF, the bond is covalent when HF is a vapour, but the bond is ionic when HF is dissolved in water
and is in aqueous state. (This is covered more in Uni Chemistry.)

and donated by the other?

Active Recall: What type of bonding occurs when electrons are completely taken by one species m

ionic

Why do ionic bonds even form? What's stopping every bond from being covalen t.?.

Exploration: Sodium chloride (NaCl) Bonding

» Consider sodium chloride (NaCl):

G What charge does chlorine have when it gains an electron? (Labe/ Below) ™
G What charge will sodium have when it donates its valence electron? (Labe/ Below) ™

G What do we call the attraction between them and the resulting bond formed? (Labe/ Below)™

Electvostatic attvaction

lonic G bond

M

<<

CH12 [1.7] - Polarity - Workbook
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» What is the electron configuration for each element before and after? =

Element Sodium (Na) Chlorine (Cl)
Electron Configuration Before lonic Bond 2,81 2,87
Electron Configuration After lonic Bond 2,8 288

» s this stable? Does each element have a full outer shell? =

yes

» Why don't Sodium (Na) and Chlorine (Cl) share electrons instead, like the following?

G What will the valence electrons look like for each atom? (Labe/ Below) &

Na G C:%li

» What is the electron configuration for each element before and after? &

Element Sodium (Na) Chlorine (CD)
Electron Configuration Before Covalent Bond 2,81 2,8,7
Electron Configuration After Covalent Bond 2,82 2.8.8

P |s this stable? Does each element have a full outer shell? ™

No — Sodium does not have afull outer shell — it wants to lose an electron not gain one.

lonic Bonding

» Definition: When a metal donates electron(s) to a non-metal whereby both < elements
obtain a full outer shell and are held together by electrostatic attraction.

CH12 [1.7] - Polarity - Workbook ‘21
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NOTE: Metals do Mot < partake in covalent bonding as they wish to [gain] / [lose] = p/
electrons!

Likewise , why do covalent bonds even form? What's stopping all bonds from .
being ionic?

p

Exploration: HCI Bonding \ tf( :

» If we consider the unique element Hydrogen:

H

» How many valence electrons does Hydrogen have? =

» What two things can hydrogen do to obtain a full outer shell? =

] Losel electron.

& Ganl electron.

»  As such, H can hypothetically partake in both covalent bonds where it [gains] / [loses] ™ an electron
and in lonic < bonds where it loses an electron.

» Consider hydrochloric acid (HCI):

& What type of bond exists between the H and Cl atoms? (Labe/ Below) &

Covalent & bond

l..
THIE

» We see that both Hydrogen (H) and Chlorine (Cl) are __gaining < an electron from sharing a
pair.

CH12 [1.7] - Polarity - Workbook ‘22
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™~
Discussion: Why does chlorine not take hydrogen’s electron entirely? How do we know when the ﬁ
electron will be taken vs when it will be shared?

o

Electvostatic aHvaction

ionic bond
Exploration: Electronegativity Difference ‘ %«
» Essentially, Chlorine is not electronegative < enough to completely pull Sthe

electron off the Hydrogen into itself.

» If we reconsider the electronegativity table:

Elodvonogaﬁvi'l'g increases

Gvoup >
T§ 1 2 13 14 15 10 17 18
22 |- dmdvonzgnﬁvi‘l'g

A-1 H sgmbol He
§ 10 | 16 20 |20
§ 2l L | Be B|C Ne
sl els « 5 6 7 8 4 0 4 r|x|slFR A
g 08| 10|14 [15 16|17 [ 1018 [ 14 1414 [17 | 18] 2020 [255
§,4Kc.s,.1'avovm.\r.,c,omo.z.\e.o.,h&, K
s 5| 08| 10.| 12 |13 [16 (22 (20 (22 |23 |22 |20 [17 [18 (20 [20 |21 |27
T Re [ S| 9 [Z [No [Mo | To |Ra [Rk [PA |Ag [Cd|ln [Sn|Sb|Te| | | X
a3 08 | 04

ol ¢ | Ba|

v

» What's the electronegativity difference between Hydrogen (H) atom and the Chlorine (Cl) atom? &

32-22=10
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» If we consider the following table:

VCE Chemistry %2

Non-Polar Covalent

Polar Covalent Bond lonic Bond
Bond
Elect.ronegatlwty 0- 04 04— 18 > 18
Difference
o Electrons are attracted Electrons are
Distribution of Electrons are shared completely transferred
to the more
Electrons roughly equally. ) to the more
electronegative atom. .
electronegative atom.
Examples F,,C—H,N, N —H,0 — H, HCI NaCl, MgF,

» What type of bond can HCI be classified as? [Non-polar covalent] / [Polar covalent] / [lonic] =

» What's the electronegativity difference between Sodium (Na) atom and the Chlorine (Cl) atom? <
3.2-09=23

» We see that Sodium chloride (NaCl) is considered to be an ionic

™ bond.

Space for Personal Notes
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[

(S4ONTOUREDUCATION

Misconception

“We can see whether the bonding atoms are the same or different
to determine whether the bond is polar or non-polar.”

» If the two bonding atoms are the same, the bond is a non-polar covalent bond.
» If the two bonding atoms are different, the bond is a polar covalent bond.

TRUTH:

electronegativity difference

t3

» Whether a bond is polar or non-polar is based upon its

Elmd’vonmgaﬁvﬂy INwenses

G\'Oﬂp
» 1 2 3-12 13 14 15 1o 17 18
2 f |
é 1 22 Elechronegativity
# Symbot He
§ 2 1.0 1e 20 20 30 [ 34 | 40
3 Li Be B [ N 0 f N
g 04 13 e | 19 | 22 | 26 32
< |3 wow o) ANls | P|s a A
'.E, 4 08 10 | 14 | 15 {6 17 {& 18 14 19 14 17 | 18 | 20 | 20 | 255 30
E K Cn | S Ti v & Ma Fo Co Ni v Za | Ga Ge, As | S By K
<
37 5 038 10 12 13 1o 22 20 22 23 22 20 1# 18 20 20 29 27
K R S 4 Zr No Mo Te Ra R PA Ay U In Sh | Bb | T I Ke
08 04

» For example, what is the difference in electronegativity between carbon and hydrogen? = 04

» Thus, how can we classify the bond? [Polar] / [Non-Polar] / [lonic] =

Definition

Type of Bonding

n-Polar len .
Non-Polar Lovalent Polar Covalent Bond lonic Bond
Bond
Elea.r onegativity 0- 0.4 04-1.8 > 1.8
Difference
Electrons are
Electrons are attracted
o Electrons are shared completely transferred
Distribution of to the more
roughly equally. ) to the more
Electrons electronegative atom. .
electronegative atom.
Examples F,,C—H,N, N — H,0 — H, HCl NaCl, MgF,
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Let’s have a look at a guestion together! .

Question 12 (6 marks) Walkthrough.
Isabelle is investigating the composition of a water molecule, and is trying to understand how polar bonds work.

a. Draw the Lewis structure of a water molecule. (2 marks)
® o

o

H H

i. Explain whether the bonds within water would be polar or non-polar, without using electronegativity
values. (2 marks)

Polar. (1)
Thisisbecause O is much more electronegative than H,
causing an imbalanced electron distribution and thus adipole. (2)

ii. Verify your answer to part b. i. by referencing electronegativity values of O and H. (2 marks)

Electronegativity differenceis3.4—-2.2=1.2 (1)
Thisisbetween 0.4 and 1.8, thus classifying it as a polar covalent bond. (2)

Space for Personal Notes
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Your turn/

VCE Chemistry %2

~

Question 13

ionic without using electronegativity values.

Determine whether a bond between each of the following atoms will be non-polar covalent, polar covalent, or

a. K&F

ionic
b. H & Br

polar covalent
c. Al&F

ionic

d 0&O0

Non-polar covalent

e. F&O

polar covalent

Space for Personal Notes
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VCE Chemistry %2

Question 14 Additional Question.

Ele,d'vonogwl'ivi{y increases

Gvoup
1 2 3-12 13 14 15 10 17 18
3 |
ﬁs- 1 22 | Blechvonegativity
H | Symbol He
§ 2 10 1,0 20 | 26 | 30 | 34 | 40
3 Li Be B < N 0 £ N
3 04 1.3 ad 1.6 14 22 | 26 | 32
=< 3 Na g - Al Si P S a Av
_-E) 4 03 1.0 14 15 1.6 1? 1.0 18 14 14 14 1? 18 20 20 | 255 3.0
£ K Ca S Ti v v M Ffo (o Ni Cu | Za | Ga e As | Se By K
3
S’ 5 08 10 12 13 16 22 20 22 23 22 20 17 18 20 20 21 27
g Rb S 4 Zy Ne Mo T Ru Ri PA Ag (@ In Sa Sb Te | Xo
't 08 04
% d b (s Ba

Use the table of electronegativity values to decide which of the following lists the symbols of the elements carbon,

caesium, fluorine, and oxygen in order of decreasing electronegativity.
A. Cs,CO,F
B. O,F,CCs
C. F,CCs,O

D. F,0,C,Cs

Space for Personal Notes
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0

Q
Sub-Section: Polarity Arrows @

Exploration: Polarity Arrows

=_-=J

» A polarity arrow can also be drawn on molecules. A polarity arrow looks like the following:
» Which side is positive? (Label Below)

» What does the arrow head point towards? (Labe/ Below) &

SIS SNNCY TR
» Consider HCL:

G Which atom is more electronegative? (Labe/ Below) ™
G As such, what will the partial charges be? (Labe/ Below) ™

G Thus, what will the polarity arrow look like? (Labe/ Below) S

>
5+ o) s
"“' : OI — Move electvonegative,

N X~

TIP: The plus sign on the polarity arrows denotes the partially positive side. =

Space for Personal Notes
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a

Polarity Arrow Definition

)

[ndicates partiall +— [ndicates most
PosH'iV@P sign 4 lectvonegative side

|
+ I ot )
o o
° < ,‘ —— Move lectvonegative

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

Question 15 Walkthrough.

Draw the polarity arrow for hydrogen fluoride (HF). Ensure to label partial charges.

\ N
] V4

Qb \__\_Fh‘

TIP: Think about it as, the direction in which the arrow points is the direction where the electrons will g
want to go towards!

CH12 [1.7] - Polarity - Workbook ‘30




(S4ONTOUREDUCATION

VCE Chemistry %2

Question 16

Draw the polarity arrows for the following bonds and label the partial charges.

0 #

\
0\

-

>

F
=

C

P

\
\

F— F

Question 17 Additional Question.

Draw the polarity arrows on KF.

N/A, asit’sionic, not covaent

Space for Personal Notes
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Section B: Polar Molecules

Sub-Section: Molecular Geometry

Context

» We've covered how bonds can be polar or non-polar and how diatomic molecules (molecules
with two atoms) can be polar or non-polar.

& What about molecules where there are more than two atoms?

Discussion: Can a molecule be non-polar whilst having polar bonds?

AnA
g

|
Exploration: Carbon dioxide (CO;) | \f{

» Consider carbon dioxide (CO,):

G What is the Lewis Structure of Carbon Dioxide (C0,)? (Label Below) S

G What are the partial charges of each atom? (Labe/ Below) ™

G As such, what are the polarity arrows for each of the bonds? (Labe/ Below) &
: >

0. C . O

Z.

~

-

» Since the polarity arrows are in [the same] / [opposite]  directions, what can be said about the two
polarity arrows? They [cancel each other out] / [combine into one]. =

» As such, there [is]/[is no] = net dipole.

» Hence, what is the overall polarity of the molecule? [Polar] / [Non-polar] =
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What if the molecule isn’t linear?

VCE Chemistry %2

Active Recall: What is the molecular geometry of water?

\ s \/

~
3

Exploration: Water (H,0)

» Consider water (H,0):

G

2

another.

"

G What is the Lewis Structure of water? (Labe/ Below) &

G What are the partial charges of each atom? (Labe/ Below) ™

=]

@ As such, what are the polarity arrows for each of the bonds? (Labe/ Below) <

Hence, what will be tjfie overall/net pYlarity arrow? (Labe/ Below) &
/ ’ X \(

)

» Since the polarity arrows [are] / [afenot]:” exactly in opposite directions, they do not oppose one

» Thus, what can be said about the polarity arrows? They [cancel each other out] / [combine into one].

» As such, there[is] / [is not] = a net dipole.

» Hence, what is the overall polarity of the molecule? [Polar] / [Non-polar] =

CH12 [1.7] - Polarity - Workbook
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What if there are more bonds?

Active Recall: What is the geometry of CH, and CCl,?

AL SO

~
3

Exploration: Tetrahedral Molecule Polarity %

» Let's consider methane (CH,) and carbon tetrachloride (CCl,):
» Is the C — H bond polar? ™

» Isthe C — Cl bond polar? =
>

As such, what do the polarity arrows look like? (Labe/ Below) &

VN h
T

C C..
u R a1 e
H C

» For tetrahedral geometries, if all bonds are the same, im < matter whether the
bonds themselves are polar or non-polar.

» This is because the bonds pull NS < on all sides, so the polarity arrows
[cancel each otherout] / [combine into one]. =

» As such, there [is] / [isno], ™ net dipole.

» Hence, the whole molecule is [polar]# [non=polar] =
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NOTE: Symmetrical Molecules with the same bonds are m;@g;cﬂ as the bond dipoles p/

cancel each other out.

ALSO NOTE: AsymmetricalMalecules that contain polar bonds are A?:;gg < molecules, as a net

dipole is created in the molecule. .

Polarity of Molecules Definition

» If the molecule is symmetrical and the bonds are equally polar:

& The polarity arrows for the polar bonds cancel, resulting in no net dipole, rendering the molecule
non-polar.

& For example:

Pulls & L Pulls &
+ in X o 4
+ +
® X
O«<: ¢ -0
++ o b 4 ++
il

:
< 1 S
c

Noa — polar

C

» If the molecule is asymmetrical:

& The polarity arrows for the polar bonds do not cancel, resulting in a net dipole, rendering the
molecule polar.

& For example:
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» If the molecule is symmetrical and the bonds are not equally polar:

& The polarity arrows for the polar bonds do not cancel, resulting in a net dipole, rendering the
molecule polar.

& For example;

polar

Analogy: Tug of War 3.0 &

» Imagine a massive box in the centre of a room, and only one person pulling on it with a rope.

» Will the box move? Is this ‘polar’ or ‘non-polar? =
?Q\QC

» Consider a massive box in the centre of the room with two people pulling on it as shown.

Nes
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VCE Chemistry %2

» Will the box move? Is this ‘polar or ‘non-polar? =

Yes- polar

opposite directions.

» Will the box move? Is this ‘polar’ or ‘non-polar? =
WN\O\ — PO\Qr

shown.

» Wil the box move? Is this ‘polar’ or ‘non-polar? =

NON — D

» Consider a massive box in the centre of the room with two people of equal strength pulling on it in

» Consider a massive box in the centre of the room with four people of equal strength pulling on it as

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

Question 18 Walkthrough.

Is ammonia (NHj3) polar or non-polar?

REMINDERS: For a molecule to be polar:
» There must be polar bonds between the atoms.

» AND there must be a net dipole (polarity arrows do not cancel out).

Question 19 Walkthrough.

What is the polarity of chloromethane (CH5Cl)?

Q
T

CH12 [1.7] - Polarity - Workbook ‘38




(S4ONTOUREDUCATION VCE Chemistry %

Analogy: Tug of War 4.0 &

» Consider a massive box in the centre of the room with four people pulling on it, three being strong
and one being weak.

»  Will the box move? Is this ‘polar’ or ‘non-polar? =

PO\QS'

Space for Personal Notes
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Your turn! .

Question 20

For each of the following, state their molecular geometries and determine whether they are polar or non-polar
molecules overall.

a. PCl, d. CF,
F
'P' (
T- C—~¢F
7 U\ \
«w QL =
?Q\Qc aca “Qd\«“
b. CS, e. HCN
S=C=S
Do — OS¢ W— C =N
SIS’
c¢. FOH
-
<N
\
PO\Qc
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Question 21 Walkthrough.
State the following molecule’s geometry, as well as its polarity.

BCl,

C.\/l\ <

A4 Q a — g

NOTE: As BH; is L ™, which is symmetrical, it is M" P/
Q\G\

ALSO NOTE:BH; does not have eight electrons in boron's outer shell, but why this is the
case is not covered in VCE chemistry.

Space for Personal Notes
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Sub-Section: Atom Arrangement

=
~

™ ?\
Discussion: Is dichloromethane (CH,Cl,) arranged in the following way polar or non-polar? ‘ﬁ

:C:

Does the arrangement of the atoms within the molecule matter?

H C c:/:lz

T H

[Polar] / [Non-polar]

™ 3\
Discussion: How about dichloromethane (CH,Cl,) arranged in the following way? Is it polar or I&ﬁl

non-polar?

:l—C—ai:
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Exploration: Shape of CH,Cl, %

» What is the molecular geometry of CH,Cl,? =

Risokeska)
» Let's look at the following simulation.

» Simulation: https://phet.colorado.edu/sims/html/build-a-molecule/latest/build-a-molecule _en.html

& Go to 'Playground.
& Construct CH,CL,, then click 3D’ once completed.

» As CH,Cl, has a tetrahedral shape, the two Cl atoms [do] /[do not] 2 directly oppose each other.
G As such, the polarity arrows [do] /[do not] ™ cancel each other out.

G Hence, theré[is]/ [is not] < a net dipole, resulting in the overall molecule being [non-polar] /
[polar]. ™

REMINDERS: Even though it is drawn on 2D paper, remember that the molecule is

2D < altogether!

Arrangement of Atoms Definition

» Since molecules exist in 3D space, the arrangement of atoms does not matter in terms of creating a
net dipole.

» If there are polar bonds within a tetrahedral molecule with all 4 groups not being identical, the
molecule will be polar, regardless of the way the atoms are arranged.

» This arrangement of CH,Cl, is still polar:

:Cl—C—ai:
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Try some questions/ .

Question 22

For each of the following molecules, state whether the molecule is polar or non-polar.

o

& 3 X

@w Chlovomethane Dichlovomethane Trichlovomethane Tvl'm efHAAne

2, X} ah,d, @]

3

0 e ¢ g (\?

Question 23

Chloromethanend bromomethane (CH3Br) are two simple organic compounds.

a. Draw the structures and indicate them with polarity arrows.

i TQ—S\Q.S %‘_ﬁ
\
&\“&Q“c\ W\ *Q—\,\

b. State which compound is

NN - RQ ALK CC2
Q\\BQ'\
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(1)

REMINDER: The level of polarity of a polar bond is dependent on the difference in electronegativity
between atoms.

Question 24 Additional Question.

Select which of the following options is true regarding polar molecules.

A. Water is noMlar as the polarity arrows cancel.

B. Tetrafluoromethane (CF,) is pw due to the polar bonds between C and F.

C. Molecules that have polar bonds are polar overall. )(

D.> ill have a net dipole and thus, be polar.
—————

S~
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VCE Chemistry %2

Contour Checkoff

CE

O Learning Objective: [1.7.1] - Identify polar & non-polar bonds within a
covalent molecule, with reference to electronegativity

Study Design

“Polar and non-polar character with reference to the shape of the molecule.”

O

Key Takeaways

distribution.

\’“\-\\' is an atoms’ ability to attract an electron towards itself.

O A covalent bond is determined to be polar if there is an [even] / [imbalanced] electron

O If the two atoms in a covalent bond are equally electronegative, there [is] / [is no] net dipole,
meaning the bond is [polar] / [non-polar].

O The level of polarity depends on the &;@%ﬁ;@@etween the atoms.

O The reason some bonds are ionic is because [metals] / [non-metals] wish to lose electrons, and as
such, do not form covalent bonds.

O To figure out what type of bond is formed between atoms, complete the table below:

(Ve NP o e N '+ & NS Ve ONNS—
Bond Bond Bond
EIeCt.r onegativity 0- 0.4 04—1.8 > 1.8
Difference
Electrons are: Electrons are: [ AEtIterirt?ar:tirfr:]e
[Attracted to the more | [Attracted to the more .
. : more electronegative
electronegative atom] | electronegative atom]
atom] / [Shared
e / [Shared roughly / [Shared roughly
Distribution of roughly equally] /
equally] / [Completely equally] / [Completely
Electrons [Completely
transferred to the transferred to the
. ) transferred to the
more electronegative more electronegative .
more electronegative
atom]. atom].
atom].
Examples F,,C—H,N, N —H,0 — H, HCl NaCl, MgF,
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O Learning Objective: [1.7.2] - Draw partial charges & corresponding
polarity arrows on covalent molecules

Study Design

“Polar and non-polar character with reference to the shape of the molecule.”

Key Takeaways

O The more electronegative atom within a covalent bond gets a partially [positive] / [negative]
charge.

O The less electronegative atom within a covalent bond gets a partially [positive] / [negative]
charge.

O The two partial charges create two ‘poles’, known as a Q\_Qg” N2

O The charges are partial as the electrons are still being [shared] / [transferred], unlike in an ionic
bond, where they are [shared] / [transferred].

(m] S arrows can be drawn to label the direction in which Q"
wish to move.

O What does each end of a polarity arrow represent?

Q" &
1 SN
\ =

—

T No=re2 N\
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O Learning Objective: [1.7.3] - Identify polar & non-polar molecules with
reference to polar & non-polar bonds, as well as molecular geometry

Study Design

“Polar and non-polar character with reference to the shape of the molecule.”

Key Takeaways

O Symmetrical Molecules with the same bonds are [polar] / [non-polar] as the bond dipoles [cancel] /
[do not cancel] each other out. For example:

O Asymmetrical Molecules that contain polar bonds are [polar] / [non-polar] molecules, as a net
M is created in the molecule. For example:

HoH
O For a molecule to be polar:
O There must be [polar] / [non-polar] bonds between the atoms.
O AND there must [be] / [not be] a net dipole (polarity arrows [do] / [do not] cancel out).
OO For a molecule to be non-polar:

O [Some] /[All] of the bonds must be non-polar.

O OR The bonds may be polar, but the molecule is [symmetrical] / [asymmetrical], so there [is] /
[is no] net dipole (polarity arrows [do] / [do not] cancel out).
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O Since molecules exist in [2D] / [3D] space, the arrangement of atoms [does] / [does not] matter in
terms of creating a net dipole.

O For example, if there are polar bonds within a tetrahedral molecule with all 4 groups not being
identical, the molecule will be [polar] / [non-polar] regardless of the way the atoms are arranged.

O As such, this arrangement of CH,Cl, is [polar] / [non-polar]:

H

:C:/:l C (:/:I:

T i
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Website: contoureducation.com.au | Phone; 1800 888 300 | Email: hello@contoureducation.com.au

VCE Chemistry 2
Free 1-on-1 Consults

What Are 1-on-1 Consults? I)

Who Runs Them? Experienced Contour tutors (45 + raw scores and 99 + ATARsS).

Who Can Join? Fully enrolled Contour students.

When Are They? 30-minute 1-on-1 help sessions, after school weekdays, and all day weekends.
What To Do? Join on time, ask questions, re-learn concepts, or extend yourself!

Price? Completely free!

One Active Booking Per Subject: Must attend your current consultation before scheduling the next. :)
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SAVE THE LINK, AND MAKE THE MOST OF THIS (FREE) SERVICE!

Booking Link

bit.lv/contour-chemistry-consult-2025






