(*4ONTOUREDUCATION

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

VCE Chemistry 2
Models of Atoms [1.1]
Workbook

Outline:

Atom Structure Pg 2-8
» Atoms Recap

» Rutherford's Gold Foil experiment

Bohr's Model of the Atom
» Bohr's Key Ideas

» Movement of Electrons Between Energy
Levels

Emission Spectrum

Electron Configuration

Shell Model Diagrams

Pg 9-26

vvy

Schrédinger’'s Model of the Atom
» Key features of Schrodinger's Model

» Representation of Schrodinger Electron
Configurations

Atypical Electron Configurations
» lonic and Excited State Configurations

» Chromium and Copper
» Condensed Electron Configuration

Pg 27-39

Pg 40-50

Learning Objectives:

Spectra to Bohr's Model of the Atom

and Bohr's Model

Notation)

O CH12[1.1.1] - Describe the Composition of an Atom, and write the Isotopic Symbol of an C i
Element/lon & use it to identify an Element’s/lon’s Atomic and Mass Number

O CH12[1.1.2] - Describe Bohr's Model of the Atom & draw Shell Model diagrams & apply Emission

O CH12[1.1.3] - Explain Schrodinger's Model of the Atom and identify differences between his Model

O CH12[1.1.4] - Write Electron Configurations of Elements and lons, in both Ground and Excited
States, using both Bohr and Schrodinger Models (including Cu and Cr exceptions and Condensed

C




Section A: Atom Structure

(S0ONTOUREDUCATION

VCE Chemistry %2

Sub-Section: Atoms

Recap

Sub-Atomic Particles

Isotopes

‘,geﬁﬁr

Atoms and Molecules

ATOM

8 protons

B neutvons

8 electvons

OXYGEN

1 Oxggu\ atom

Eéi \J >
2 Hydvogen atoms

MOLECULE

WATER - #,0

»  Atomic Number:
omic Number: Wl o? PNJWV\I

»  What are the following?
Protons Neutrons Electrons
- - % Cand '3 C
[Positive] / [Positive] / [Positive] /
[Negative] / [Negative] / [Negative] /
[Neutral] [Neutral] [Neutral] Isotopic Symbol Worded Representation
Found in: Found in: Found in: 12¢ Carbon -1
adus awcleug shalf, 50
6 Cavbon- (5
doun Xag
tnS— »  Isotope Definition:
Size: Size: Size: )
[/ & [same]/ [different] number of protons
4w Stmlar “y Sl @ [same]/ [different] number of neutrons
ons

»  Consider Carbon (Atomic Number 6)

) afom

& Overall Charge: ’t(;/g =0

If the carbon atom gains or

loses an electron:

»  Mass Number: M\d‘htr"x frbas X Qthony

» Isotopic Symbol:
{V\ﬂfs v\uMk"(

| /
\,AE / domul Syl

- A
Oloemie mm\u

=4
Cations Anions
[Positive] / [Negative] [Positive] / [Negative]
Charge Charge

[Gains] / [Loses] Electrons

[Gains] / [Loses] Electrons
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Let’s have a look at some questions together!

VCE Chemistry %2

~

Question 1 Walkthrough.

I = a0 + (a0 = 228
f 3/

What is the mass number of Uranium which contains 92 protons and 146 neutrons?

7

Question 2 Walkthrough.

How many protons, neutrons and electrons are in the following atom?

23y
5 11

//___/

W e N =11

a

Try some questions!/

Question 3
Which of the following is not true regarding atomic composition?

A. Atoms are mostly empty space.

B. Electrons are in constant motion around the nucleus.

D. Electrons are roughly 1800 times lighter than neutrons.

@ The nucleus takes up a large portion of an atom’s size due to its weight.

Space for Personal Notes
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Question 4

Which of the following is true?
o

@ An element can be made up of multiple atoms.

B. An element can be made up of more than one type of atom.
ﬁ(An atom can have multiple nuclei, as long as they are identical.

D. Fis an example of a molecule.

Question 5

a. What is the mass number of tin, which contains 50 protons and 70 neutrons?

0 x = (29

b. Find the mass number of aluminium, which has an atomic number of 13 and 14 neutrons.

lﬁ?ff‘/q’; 27

Question 6

For each of the following, state whether the substance is a/an atom, molecule or ion. If it is an ion, specify
whether it is a cation or anion.

a. Mg d. CI” .
— Olom Aton
b. H,0 e. CO,
— Molecde Mol@ cale
c. F, f. Nat
N\O\Q Cbl ¢ C (/U(.( o\
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Question 7

For each of the following, state how many neutrons & electrons each atom has, and state whether it is a cation/
anion/ neutral atom.

a. 3F© _ c. 1@{:”’”\ 2= 6+
v A nfo VG( V=6
o e~ be- o
10 n
b. @K@ d. 3¢ pom
i 20« lat W 6()
1af M= 20 (atton ) g N/
Ker be AR

Question 8 Additional Question.

Give an example of an atom, element, and molecule made from chlorinng_l.

v, iy

\\

Question 9 Additional Question.

State whether SO,%~ would be classified as an element, atom, molecule or ion. (Hint: Multiple answers can be

correct).
Mol cle & jon

Question 10 Additional Question.

State the number of protons, electrons and neutrons a carbon atom with a magé number of 13 will have,
respectively.

Let’s have a look at how this model of the atom was discovered! .

CH12[1.1] - Models of Atoms - Workbook ‘ 5
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oL >
Q
Sub-Section: Rutherford's Gold Foil experiment ®

History: Ernest Rutherford’s Gold Foil Experiment

» Ernest Rutherford was famous for his experiment using a sheet of gold in 1908.

Exploration: Rutherford’s Gold Foil Experiment P"” s 4 newkour %

» Rutherford fired a beam of alpha particles (helium nuclei) at a thin sheet of gold.

& An alpha particle has a [positive]/ [negative]/ [neutral] charge.

— by

= =

» Some of the particles reflected back. Would you expect this result? [Yes]/ [No]
» Most of the particles passed through. Would you expect this result? [Yes)/ [No]
Pl

» Conclusion: This proves that atoms are primarily made of @AAA lH\ﬁ S ,FQ{ £ .
CH12[1.1] - Models of Atoms - Workbook ‘ 6
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a

Rutherford’s Gold Foil Experiment Definition

» Alpha particles were fired at a thin gold sheet.

» Some particles reflected back, but most particles passed through.

Try a question! .

» The majority of an atom is empty space.

Question 11

Circle the correct alternative from the following:

?é\Rutherford’s model of the atom explains how electrons exist in shells.
Electrons are negatively charged and have the same size as protons.

— _——=> Nucleys
Protons and neutrons are called nucleons pecause they have similar masses.

D. /Neutrons do not have any charge but are found in almost all atoms’ nuclei.

./_—\

LN

Key Takeaways

Atoms are made up of three subatomic particles.
Protons are positively charged and are found in the nucleus.
Neutrons have no charge and are also found within the nucleus.

Electrons are negatively charged and significantly smaller in size and mass than nucleons.

R K B & &

Rutherford’s Gold Foil experiment saw him firing alpha particles at a thin gold sheet, where some of
the particles reflected back, but the majority passed through, proving that atoms are mostly
composed of empty space.

M Atoms are identified by their atomic number.

M Atoms can gain or lose electrons to form ions.

CH12[1.1] - Models of Atoms - Workbook ‘ 7
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\ l /
Kev Takeaways @

M The mass number is the number of nucleons present in an atom.

M Its formula is given by:
A =Z7Z + number of neutrons

M Isotopic Symbol Representation:

E «— ngbo‘ for element

Adomic /

number

M An equal number of protons, but a different number of neutrons.

M Therefore, different mass numbers.

Let’s have a look at another model of the atom! .

Space for Personal Notes
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Section B: Bohr's Model of the Atom
Ao

Discussion: What did Bohr propose in his model of the atom?

Q,lQC&rO\/\ (o Apfjm’ff'o"f

SM§ , V otthC\l/A

History: Bohr's Model of the Atom

Space for Personal Notes
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|
O |
Sub-Section: Bohr's Key ldeas o
Exploration: Bohr's Model
» In 1913, Niels Bohr proposed a model of the atom which was as follows:
Cle choy

’N\'} S]r\Qll

» Key ldeas:

G Electrons could __\\oVe between energy levels.

G Electrons existed at (X(SC\QAQ’ energy levels (called 3\42&\( ).

M ‘
NI /

NoX§ he

i betwee,

Juls

Electron Shell

» Definition:

T
whereb‘fl an electron can be found.

G A_ rfqon ‘& 300\9.(’ in the electron cloud of an atom at a JZSC&E energy level,

Definition

Space for Personal Notes
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oL >
Sub-Section: Movement of Electrons Between Energy Levels ® ‘
How do electrons move between energy levels? '

Exploration: Electron movement between Shells

» What charge does the nucleus have? Positive or negative? (Labe/ Below)

What charge does an electron have? Positive or negative? (Labe/ Below)

A/an [attractive]/ [repelling] force acts between the nucleus and the electrons. (Label Below)

The electrons will want to move [towards]/ [away] from the nucleus.

v Vv Vv VY

Therefore, if an electron was already in the second electron shell, it would move to the [first]/ [third]
shell. (Label Below)

As positive Q'H’W\Cb
negative, electvon naturally

moves to the 7\ Sy
shell

Space for Personal Notes
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VCE Chemistry %2

Analogy: Ball

» Think about a ball held in the air which is let go.

Ball

»  Which way will the ball go?

fall

» If we imagine the Earth like an atom:

Eavth

L ¢

» Electrons always try to go the lO\Af’m(

» The first electron shell is known as the ground state.

energy level possible.

Ball
3n
2n
Bo\ll falls +o Electvon falls +o
Qronnd Syl
J
» The first electron shell is called the mq'/\OwN} Shule , as it acts similarly to the ground on
the Earth! J
Ground State Definition

Space for Personal Notes
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How do we get electrons to move up in an electron shell? .

~ %
Discussion: If we have a ball sitting on the ground, how do we get it to move up in the air? &

Exploration: Electrons moving up energy levels

» How to move to another higher energy level from the ground state? (Labe/ Below)

infut &gy

Electvon is QZECQ@CA
to a higher enevgy level

CH12 [1.1] - Models of Atoms - Workbook ‘1 3
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» However, what must the electron eventually do? (Labe/ Below)

P leage ity

Excited lectvo
eventually ‘\/AA/E

back down

Discussion: What type of energy is this energy released as?

\(jm

Space for Personal Notes
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Analogy &

» After eating a lot of sugar, you might be super hyper for a while:

» But eventually, you crash and return to your original energy.

» When energy is inputted, electrons are excited to a [higher]/ [lower] energy level. Definition

» Excited electrons eventually drop back down, whereby energy is released, in the form of light

Extension: LED Lighting %é

» A large majority of light sources we see today, use this to emit light, light sources like LEDs and
fluorescent lighting all produce light due to electrons going down to a lower energy level.

CH12 [1.1] - Models of Atoms - Workbook ‘1 5
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Try a question! .

Question 12
Outline the 2 major stages that occur when energy is provided to an atom.

) E(Quww\g R QXU RJ o ?/\,ylb(( ome,yj fug]

(shat))
v [’t‘/*/\/l)f\w“\“ QJ\Q(MN (/\%L/\ l”%C(A ULOWV\ fo 5}'{/@
] v
(”ﬂ’/‘O\A\I\l}‘ g}ml{) V\Q\QO\S-(V\O (f)}/H’ o0y [+ MJ/
/

/

Question 13 Additional Question.
Bohr’s model suggests which of the following?
A. Electrons orbit the nucleus randomly within a cloud at continuous energy levels.
?&Electrons exist in shells within the nucleus.
Pl

@Atoms have shells which are discrete energy levels.

D. Electrons are fixed to a particular shell at all times.

Space for Personal Notes
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Sub-Section: Emission Spectrum o
What does the light emitted look like? '
’
Exploration: Returning back to the Ground State | L“

» There are multiple ways an electron can return to the ground state from an excited state.

13.0 v

n= o

134 o n=295

12.8 ev—I [ L a=4

12.1 w \‘ - ns= 3

Erevgy /
10.2 v -- n=2
W’\Rd
o5 1L LU
0 ev : - n=1
—

» Each path the electron takes on the way down has a different t e
» This energy difference leads to different CQ\QW\( of light being emitted.

» Different elements release (}*'(Q‘/Q{Q/&\/\} spectra of light when their electrons are excited.

A 400 500 b(I)O 700 800 nm

_

7~

Ba

CH12[1.1] - Models of Atoms - Workbook ‘1 7
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» Eachelement hasa_{A Mﬁ A spectra of light when their electrons return to the ground st@:iii
after being excited.

)

Discussion: What happens if we input so much energy that the electron is excited past the last o
energy shell level?

dissa fufs

(oK on

NOTE: The energy required to completely remove the first electron from an atom is called its P/
WAY  loniSatlon  @nLgy
\ N

ALSO NOTE: The idea of first ionisation energy will be covered in the next lesson!

Try a question for yourself!

Question 14

State whether the following statements about the electron shell model of the atom are true or false.

True False

Electrons can exist between two energy levels. \/

When electrons occupy the lowest possible energy level, the atom is in the ground
state.

The energy difference between n = 2 and n = 3 is greater than the energy
difference betweenn = 3 and n = 4.

Electrons in atoms in excited states return to the next lowest energy level.

An electron that moves between n = 5 and n = 2 emits higher energy light than an
electron that falls betweenn = 4 and n = 2.

CH12[1.1] - Models of Atoms - Workbook ‘1 8
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o>

Q

®

Sub-Section: Electron Configuration

Context

» We know Bohr's Model looks something like this and can have electrons in each shell.

» But how many electrons fit into each energy level?

Exploration: Maximum number of electrons in each shell

» Which shell can hold more electrons between the first and third shell?

» As the electron shell number increases, the maximum number of electrons per shell
L (NCRTNTAN as the shells become larger.

» Rule:

Maximum Number of Electrons: Z,y\?

& n - Shell Number

CH12 [1.1] - Models of Atoms - Workbook ‘1 9
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» Maximum number of electrons that each shell can hold is: Definition

Maximum Number of Electrons: 2 X n?

G n - Shell Number

Try a question/! .

Question 15

How many electrons can each of the following shells hold? (Hint: use the 2n? formula)

a. Shell 1 c. Shell 3

20) = 30)°

v\
R

b. Shell 2 d. Shell 4

2" = & 27

NOTE: Electron shells are filled in order from the nucleus, with the innermost shells fully filled p/
before moving on.

Valence Shell / Valence Electrons Definition
» Definition:

€ Valence - Outer.

G Valence Shell - Outer-most electron shell.

@ Valence Electrons - Electrons in__Ouw /Mot electron shell.

CH12[1.1] - Models of Atoms - Workbook ‘20
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Let’s have a look at a question together!

VCE Chemistry %2

~

Question 16 Walkthrough.

Write out the electron configuration for each of the following elements:
b-2 = &
a. C (carbon) @electrons) ’)/[, = l : 7

—_——

f/'Lt %
2, 4 i

b. Na (sodium)

2|%/\

NOTE: Sometimes, we need to look at the periodic table to find the number of electrons present. ﬁ/

REMINDER: Don't forget!

(1)

» Assuming that the atom has a neutral charge, the number of electrons is equal to the atomic number!

Active Recall

Shell Number Maximum Number of Electrons

CH12[1.1] - Models of Atoms - Workbook
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Now try a question for yourself! .

Question 17

Write out the electron configuration for each of the following elements:

a. N (Nitrogen) c. Ar (Argon)
LS 2,% %

b. S (Sulphur) d. K (Potassium)
1 cg(() Z/ % % /1

Misconception

"The electron configuration of elements such as potassium (K) is 2,8,9."
TRUTH:

» The oC\K Y\/\\’L states the valence shell can hold a maximum of % electrons.

» If the electron shell can hold more than 8 electrons, if it is the valence shell, electrons are added to
the next electron shell instead. -

» As such, potassium (K) has an electron configuration of;

1,%,%)\

Octet RU Ie Definition

» Definition:

& The valence electron shell can only hold a maximum of % electrons.

CH12[1.1] - Models of Atoms - Workbook ‘22
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Try another similar question! .

Question 18

Write out the electron configuration for calcium, which has 20 electrons.

Z(C‘g(%l/L

Space for Personal Notes
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o>

o,
®

Sub-Section: Shell Model Diagrams

Context

» Electron configurations of atoms are represented by shell model diagrams.

“

Hg‘lrogw Sodiam Chlovine

Definition

~

Shell model diagrams

» They show the number of electrons which are present in each electron shell of an atom.

Let’s have a look at a question together!

Question 19 Walkthrough.

Draw the shell model diagram for Calcium (Ca).

CH12 [1.1] - Models of Atoms - Workbook ‘24
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REMINDER: Don't forget!

» Pair up the electrons where possible!

Try some questions for yourself!

VCE Chemistry %2

(1)

~

Question 20
Draw the shell model diagram for each of the following elements:

a. Nitrogen (N)

b. Chlorine (Cl)

Space for Personal Notes
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\ | /
Kev Takeaways M

M Key Ideas from Bohr's Model:

Electrons exist in discrete energy levels (called shells).
Electrons can move between energy levels.

When energy is inputted, electrons are excited to a higher energy level.

R & & K

Electrons eventually drop back down - as they always want to be in the lowest energy state -
whereby energy is released, in the form of light, which is unique to each element.

Kl

Electron shells are filled in order from the nucleus, with the innermost shells fully filled before
moving on.

Each shell can hold up to 2n? electrons, where n is the shell number.
M The octet rule states that the valence electron shell can only hold a maximum of eight electrons.

M Shell model diagrams show the number of electrons within each shell.

Space for Personal Notes

CH12[1.1] - Models of Atoms - Workbook ‘26




(S0ONTOUREDUCATION VCE Chemistry %
Section C: Schrédinger's Model of the Atom

Context

» Bohr's Model has several shortcomings:
G Cannot explain why electron shells can only hold 2n? electrons.

& Cannot explain why the fourth shell accepts two electrons before the third shell is completely
filled (we haven't covered this scenario yet but we'll have a look at it soon!).

» Erwin Schrédinger came up with his new revised model of the atom.

Space for Personal Notes
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4
Sub-Section: Key Features of Schrodinger's Model ®

History: Schrédinger's Model of the atom

» In 1926, Erwin Schrodinger came up with his new revised model of the atom which explained these
limitations that the Bohr Model did not explain.

Exploration: Schrédinger’'s Model vs Bohr's model of the atom ‘. %‘ :
» Main difference:
& Electrons did not orbit the nucleus like planets but instead had wave-like properties like light.
€ Electrons merely existed Some R ina region of space, which was called an
avaloll
Electvons ovbit . E}l%‘l'vons
nudeus exist MA’(
in this vegion of space
J .
The Bohv model The Schrodinger model
» He claimed that each orbital can only hold /h/\/b electrons.

CH12[1.1] - Models of Atoms - Workbook ‘28
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0 rbltal Definition

» Definition: A region of space in which electrons exist ﬂ*’\&@w\\\q , not in fixed discrete
energy levels.

» Feature: Can hold up to 2 electrons.

—

3

Exploration: Subshells %‘

» Electron shells can be broken down into 5;4!2&&“6 .
» Each subshell has a different 2|A a€£= and orientation in 3D space. These include the:

] 5 - orbital.

& f - orbital.
] d - orbital.

@ % - orbital.

¢ e
NOTE: These subshells are quoted in this order as they are arranged in IV\CYQCASI’IE? size. ’/

— e

Let’s have a look at some of these subshells in-depth/! .

Space for Personal Notes
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Exploration: s-orbital

» The s-orbital was visualised to be a sphere, where the electrons could be anywhere in that space.

Electvons
. ¢ ’
exist somembhere
in this vegion of space

©

The Schvodinger model

Exploration: p-orbital

» The p-orbitals basically look like two blown-up balloons attached to each other.
» Aligned with either the x, y or z-axes.

s ovbital p ovbitals
Y pPx 9 PY 9 Pz 9

)
o4
y X X - X % X
z z z z

» The s and p orbitals fitted together:

CH12 [1.1] - Models of Atoms - Workbook ‘30
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NOTE: The z-axis exists in 3D space, as we live in a 3-dimensional world! ’/

ALSO NOTE: Electrons are assumed to be in constant motion, so their exact location within an orbital is

U known .

Extension: Shape of d-orbitals (not assessed) ;

» d-orbitals start to look a bit more complicated! There are five d-orbitals:

Orbital capacity Definition

» There are four types of orbitals, s, p, d and f.

Type of Orbital Number of Orbitals

; 7

5
: S
2

Active Recall: How many electrons can fit into each of these orbitals?

) -

CH12 [1.1] - Models of Atoms - Workbook ‘31
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~  How do orbitals relate to subshells and shells? .

VCE Chemistry %2

Exploration: Shells, Subshells and Orbitals

» The first electron shell is small, contains _4_-orbitals.

» Conclusion: As the electron shell increases, it can fit more orbitals!

» The second electron shell is larger, contains s-orbitals and ﬁ -orbitals.

» The third electron shell is even larger, contains s-orbitals, p-orbitals and Ok -orbitals.

i

Maximum Total
Shell number Number of Subshell Number of number of Number of
n) subshells symbol Orbitals electrons in the | electrons in
subshell the shell
1 1 s ] L 9
s \ )
2 2
: 5 55 8
s | 7 9
3 3 P E L 2 ‘g
d < Iy <
s ( 2
. . P 2 ‘ 52
d s 1o
f %oﬁf

Space for Personal Notes
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a

Subshells Definition
» The number of subshells in a given shell matches the shell number.
» For example, shell 3 can hold % subshells.
» Example:
Subshell Orbital Electrons

3s 1 2 7

3p 3 6 2 )%

3d 5 10 )

Try some questions/ .

Question 21

Select the correct alternative from the following:

Wﬁ The 15t shell can hold s and p orbitals.
—_—
ﬁg The d orbital can hold 5 electrons.

o
@The p subshell can hold 6 electrons.
h

% The 2s subshell has 2 orbitals.
—

Space for Personal Notes
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VCE Chemistry %2

Question 22

Which of the following is NOT correct regarding the Schrodinger and Bohr Models of the atom?

—
A. Bohr’s model explains the existence of shells.

Schrodinger’s model states that electrons are in fixed positions within orbitals.

—_—

C. Schrodinger’s model is the newer one out of the two, explaining more properties of atoms.
r— /\

D. Bohr’s model can be linked to emission spectra of elements.

—

Question 23 Additional Question.

State how many orbitals and electrons the 5d subshell can hold, respectively:

Orbitals: {

Electrons: ‘ O

Space for Personal Notes
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VCE Chemistry %2
oL >

Sub-Section: Representation of Schrodinger Electron Configurations @ ‘

O

How do we write electron configurations according to Schrédingers model? '

Schrodinger Electron Configurations

» Representation:

pedl panioe o \e chons

“
N 1s2 Zst Zpb 3s?

z;,\A\osW /DV\"‘“*A

Exploration: Energy Levels of Sub-shells

» Each of the subshells has slightly different energy levels.

N

Brergy
o

I

|

|

Q+
1
1
1

3s -
2p- - -
2s -
1s -
12 3 4
Shells (n)
» Electrons are filled up from the 10\/\/&&)6 energy level to the l'\'fj[’\‘?il
level.

energy

CH12[1.1] - Models of Atoms - Workbook
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(S0ONTOUREDUCATION
A

Discussion: 4s and 3d Subshell comparison
» The 4s subshell has a [higher)/[lower] energy level than 3d.

» Therefore, the 4s subshell will be filled [before]/[after] the 3d subshell.

TIP: A good way to remember the hierarchy of energy levels of subshells is through the following:

Islitp2s 594 3d

» For electron configuration, start from the lower energy levels and fill up to higher energy levels.

il

» Each subshell has different energy levels.

Definition

CH12 [1.1] - Models of Atoms - Workbook
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VCE Chemistry %2

_—

Active Recall: The following subshells can hold:

Type of Orbital Number of Orbitals Number of Electrons
s 1 L.
p 3 é
d 5 [0
f 7 [4

Let’s try a question together!

Question 24 Walkthrough.

5" 25 2" 35" %(é s

19
A }
% ) ¢
g —

— 4

Write Schrédinger’s electronic configuration for Potassium (K). ] q(

[9¢ -

L
ﬂ
%/

REMINDER: Don't forget the 4s subshell fills before the 3d subshell

NOTE: The third electron shell starts to fill up while the fourth electron shell remains at one/two

electrons!

TIP: Write Schrédinger's electronic configuration using the periodic table!

CH12[1.1] - Models of Atoms - Workbook
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Try some questions for yourself! a

Question 25

Write Schrodinger’s electronic configuration for each of the following elements:

K

a. Cl c.

Y an oo >
\gfbl{“L(’b BT 15525727 5/445%0[

\¢? 807/({’775“7(“’ 4 \5”2{2(" 55@(“;{5’: ;JL
%~

NOTE: There are two ways to write 3d and 4s orbitals in electron configurations: p/

» 4sbefore 3d.
» 3d before 4s.

» As both are valid, follow what your teacher wants!

Question 26 Additional Question.

Write Schrodinger’s electronic configuration for each of the following elements:

a. O
152572

g b 7 \
WY % b

CH12[1.1] - Models of Atoms - Workbook
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Kev Takeaways

(%4

R & & K

€ach orbital can hold up to 2 electrons.

There are 4 different types of orbitals: s, p, d and f, which respectively hold 2, 6,10, 14 electrons.

Each shell n contains n subshells. For example, shell 2 contains 2 subshells: 2s and 2p.

Representation:

Coefficient : Superscript :
Shell number How many electvons
\N )
1s2 252 Zpb 3s2
N
LUH"QA' H
Subshell

When writing out the electron configuration of elements, start from the lower energy levels
and fill up to higher energy levels.

4s subshell fills before 3d subshell.

VCE Chemistry %2

A4

An orbital is a region of space in which electrons exist randomly, not in fixed discrete energy levels.

Space for Personal Notes
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Section D: Atypical Electron Configurations

o >
O |
Sub-Section: lonic and Excited State Configurations [
9
Exploration: Excited state configurations _\?‘

» Default electron configurations of atoms in their ground state, meaning that the electrons fill up the
lowest energy levels first.

» If an electron is excited, it will go to a [higher])/[lower] energy state.
» Example: Magnesium

1s2,2s2,2p%, 3st, 65t

[ground] / [excited] state

» How do we know?

JKMQUK Gk & i shals

Excited state electron configurations Definition

If electrons are in higher energy levels without

i th H rd
lower ones being filled then.. Excited state (e.g., 4™ shell filled before 37).

If lower energy subshells are not filled but higher

anes are being filledithen., Excited state (e.g., 3p orbital is filled but not 3s).

Space for Personal Notes
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Try some questions!

VCE Chemistry %2

~

Question 27

o) 104’

a. Find the Schrodinger electron configuration of an aluminium ion, AI3*.

(s~25~ 2%

——

5‘,4

b. The following electron configuration represents an atom or an ion. Is it in an excited state?

1s22522p®3st
— -

[Yes]/[No]

c. Is 1s22s22p®3s? 3p34s?! an excited state configuration?

[Yes] / [No]

Space for Personal Notes
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oL >

Q

®

Sub-Section: Chromium and Copper

Context

» There are two specific exceptions you need to be aware of to the above rules in Chemistry Y.

Exploration: Chromium and Copper

» Expected configurations:

24
Chromium 1s%2s%2p®3s23p®3d*4s?
24
Copper 1s22s522p®3s23p©3d?4s?
—

» Actual Configurations:
% 11 c

Chromium 15@25@2p©3§?3p@ 43 24
\&

AT
Copper 1s22s22p®3s23p® 4<' 2d

» Result: Gives chromium a W - QJ\\\Q()\ d-subshell and copper a s
d-subshell. ' ii 7 ig

» Stability: Partly filled subshells < Half-filled subshells < Fully filled subshells.

» The combination of half-filled/filled subshell (3d> and 4s?') is [more] / [less] stable than one filled
subshell and one partly-filled subshell (3d* and 4s?).

Chromium and Copper: Atypical Electron Configurations Definition

» Their Shrodinger electron configurations are:
Chromium 1s%2s22p®3s23p®3d®4s?!
Copper 1s22s22p®3s23p©3d194s?

» Due to an increased stability in these forms.
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Practice this idea!

~

Question 28

a. Write the full Schrédinger’s electron configuration for Copper (Cu).

1725714030 3p9%,' 2J®

b. Rewrite this in Bohr’s electron configuration.

Z! %' ldﬁ/

NOTE: As an electron from the fourth electron shell jumps back to the third shell, there is only one
electron left in the fourth shell.

4

P

Space for Personal Notes
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oL >
Q

®

Sub-Section: Condensed Electron Configuration

» The periodic table arranges all of the chemical elements in terms of Definition

';ﬂ(fﬂasf./\/a Ak & I\\AMIO'Q"

Periodic table of the elements

1 2
= He
1.0 4.0
Hydvogen Helium
3 4 Atomic aumber 7 5 3 ? 8 q 10
L Be Ay Symbol of element B [ N 0 F Ne.
04 2.0 Relative atomic mass [ 197.0 108 12.0 14.0 16.0 14.0 202
Lithinm Boryllium Gold Name of cloment Bovon Cavbon Nitvogen Oxygen Fluorine Neon
1 2 13 14 15 16 17 18
Na My Al Si P s a Ar
23.0 24.3 270 284 210 324 355 244
Sodiam Magnesiom Alaminiam Silicon Phosphorus Sulfur Chlovine, Avgon
1 20 21 22 23 24 25 20 27 28 29 30 31 32 33 34 35 36
[3 Cn Se Ti v 1 Ma Fe (2 Ni o Za Ga Ge As Se Br K
344 404 45.0 474 50.4 52,0 544 5538 58.4 587 635 05.4 6017 720 F4.4 74.0 744 838
Potassium | Carleium Scandiom | Tikanium | Vanadium | Chromium | Manganese Ivon Cobalt Nickel Copper Zine Gallium Gormanium | Avsetic | Seleium Bromine Krypton
37 38 31 40 “ 42 43 44 45 40 47 43 A 50 51 52 53 54
Rb Sy ) Ze No Mo T Ru Rh PA Ag [ In Sn Sb Te | Xe
85.5 87.0 884 1.2 924 0.0 (48) 1014 1024 106.4 1079 2.4 1438 #87 1218 127.6 1264 131.3
Rubidiam Stvontium Ytbvium Zirconium Niobiam Molybdenam | Technetiom | Rictheniom Rhodiam Palladium Silver Cadmiam Indinm Tin Antimony Tellavium lodine Xenon
55 56 72 73 74 5 7o 77 78 kil 80 8 82 83 B4 85 86
s Ba 57-# He Ta W Re 0s Ir P Au Hg m Pb Bi Po At Ra
1324 137.2 | Lanthanoids [ 1785 180.4 1838 180.2 190.2 192.2 1454 197.0 200.6 204.4 20%.2 207.0 (210) (210) (222)
Cmesiom Baviam Hafaiam Tantalum Tungsten Rheainm Osmium lvidium Platinam Gold. Meveary Thalliam Lead Bismuth Poloninm Astatine Radon
87 88 104 105 106 107 108 109 110 " 2 13 14 #5 e 17 118
3 Ra 84-103 Re Db Sy Bh He M+ De Rq Cn Nic il Me Ly T 09
(223) (220) Actinoids (201) (202) (2006) (204) (207) (208) (2#) (272) (285) (280) (289) (289) (292) (294) (294)
Fancium Radium [Rutherfordi Dubnium | Seaborgium | Bohrium Hassinm | Meitneviom [Darmstadtium| Roeatge Copernici Nikonium Flevovium Moscovi L i Te i 04,
57 58 51 00 of 02 03 o4 05 [ 67 o8 2] 70 H
La Co Pr Ni Pm Sm Ea G4 To Dy Ho Er Tm Yo La
1384 1404 140.4 1442 (145) 150.4 152.0 157.3 158.4 1625 1044 167.3 1684 1734 175.0
Lanthanum | Ceviam [P dymium| Neod Prometh Samaviam Eavopiom | Gadolinium | Terbium | Dysprosium | Holmiam Evbium Thalium Ytherbinm | Luckotiom

81 0 “ 2 a3 “4 45 96 7 a8 a4 100 101 102 103
Ac Th Pa v Np Pu Am Cm Bk (23 Ee fin MA No Ly
(229 2320 2310 238.0 (239) (244) (243) (249 (249 (250) (252) (259 (258) (259 (202)
Ackinium Thorium | Protactitium [ Uranium Negtutiom | Plckoniam | Amexiciam Curium Borkeliom | Californiom | Einsteiniom | Formium | Meadelovi Nobelium | L i

The value in brackets indicates the mass aumber of the longest-lived isotope

» There are 7 horizontal rows in the periodic table called ! Q{(DJJ

» The period number also represents how many Q\Z AN \/\ the element has.

Space for Personal Notes
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Exploration: Condensed Electron Configuration ‘\}\({‘

» The electronic configuration of silicon:

1970749332

» Condensed electronic configuration of silicon:

() 379"

» Examples:

& Starting with:

1s%2s%2p®3s23p?
[Ne]3s23p? [Mg]3p?
[Correct]/[Incorrect] [Correct)/[Incorrect]
Condensed Electron Configuration Definition

» Use: To ‘get rid’ of entire shells-worth of notation, for tidiness and efficiency.

» Notation: !l&g ?gé in square brackets, as these are the elements with M ou e %1(5
which may be condensed. \

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

VCE Chemistry %2

~

Question 29 Walkthrough.

Write the condensed electron configuration of the following elements:

a. Boron (B) \S'V (\/‘/ \
L\* Q/S (LS(b (LQ

b. Magnesium (Mg)

W e s’

Try some for yourself!

Question 30
Write the condensed electron configuration of the following elements:

a. Lithium (Li)

O{QS Zs'

b. Potassium (K)

()4

Space for Personal Notes
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Contour Check C!

Learning Objective: [1.1.1] Describe the Composition of an Atom, and write the
Isotopic Symbol of an Element/lon & use it to identify an Element's/lon’s
Atomic and Mass Number

Study Design

the definitions of elements, isotopes and ions, including appropriate notation: atomic nhumber; mass
number; and number of protons, neutrons and electrons

Key Takeaways

Atoms are made up of three SM\VMO mUL particles.

Protons are lﬂm M H\/Uj charged and are found in the __ VAU (-\ Qus .

Neutrons have WD _charge and are also found within the _lAwt (QV\J

O O O 0O

Electrons are__(\€a& \'\\\/QA;; charged and significantly SM[NMX/ in size and mass
than nucleons.

O

Rutherfold’s gold experiment saw him firing alpha particles at a thin gold sheet, where some of
the particles reflected back, but the majority [JeassQ QUG , proving that
atoms are mostly comprised of wn/\/\ﬁ\\/\ \ ()m(.tk J

Atoms are identified by their AL {\\A\/\/\\OOJ

r
Atoms can gain or lose electrons to form \\on S .

The mass number is the number of g\\AL\Q\DV\S presentin an atom.

O O O 0O

Isotopic symbol Representation: b l

Af > mass ff e Sym

=) abomie (’k
l/

O Isotopgs are two or more of the same elements with SU\V\/\Q number of protons, but
gM@r&ﬂm Y number of neutrons, and therefore, (’?{\?Q/’QA/\Y mass numbers
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Learning Objective: [1.1.2] Describe Bohr's Model of the Atom & draw Shell
Model diagrams & apply Emission Spectra to Bohr's Model of the Atom

Study Design
the periodic table as an organisational tool to identify patterns and trends in, and relationships
between, the structures (including shell and subshell electronic configurations and atomic radii) and
properties (including electronegativity, first ionisation energy, metallic and non-metallic character
and reactivity) of elements

Key Takeaways

Key Ideas from Bohr's Model:

O Electrons existin (‘Q.\SC‘FQ)\'Q energy levels (called BSMJ% )

O Shell model diagrams show the number of electrons within each QL!QM

Electrons can _M\DVL _ between energy levels

O

When energy is inputted, electrons are QJ)((,-(‘\‘Q3 toa \/\Ljhu energy level.

O

O

Electrons eventually drop back down - as they always want to be in the ['DV\/@JC energy

.

state - whereby energy is released, in the form of g ht whichis __& (Z «we  toeach
element <
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Learning Objective: [1.1.3] Explain Schrodinger's Model of the Atom and
identify differences between his Model and Bohr's Model

Study Design
the periodic table as an organisational tool to identify patterns and trends in, and relationships
between, the structures (including shell and subshell electronic configurations and atomic radii) and
properties (including electronegativity, first ionisation energy, metallic and non-metallic character
and reactivity) of elements.

Key Takeaways

O An Ofb(('OL is a region of space in which electrons exist __¢/&x "-A’D""\v, not in fixed
discrete energy levels —

O Each orbital can hold up to_Z-__electrons

O There are 4 different types of orbitals: > ﬂ,, f/<,, /’ which respectively hold
Z,b, (0 % electrons /!

O Each shell n contains n subshells. For example, shell 2 contains 2 subshells: 2s and Z,Q
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Learning Objective: [1.1.4] Write Electron Configurations of Elements and lons,
in both Ground and Excited States, using both Bohr and Schrodinger Models
(including Cu and Cr exceptions and Condensed Notation)

Study Design
the periodic table as an organisational tool to identify patterns and trends in, and relationships
between, the structures (including shell and subshell electronic configurations and atomic radii) and
properties (including electronegativity, first ionisation energy, metallic and non-metallic character
and reactivity) of elements

Key Takeaways

O Electron shells are filled in order from the nucleus, with the ‘\‘I/W\QNV\OSé shells fully filled
before moving on.

]
O Each shell can hold up to ijl electrons, where n is the shell number

O The octet rule states that the valence electron shell can only hold a maximum of g
electrons.

(m) Schrodingerrepresentation:jw ﬁ: /H‘ "Ol e
lezzi22p6352
ofL'(HA

O When writing out the electron configuration of elements, start from the (WQ}T energy
levels

O 4s subshell fills before %(}\ subshell

O If electrons are found to be in higher energy levels - shells or subshells - without the lower ones
being filled first, you can assume that they are in the erxceiee state.

O Cuand Cr Shrodinger electron configurations are

@ Chromium: \Sm ZSq’ZKC%S’L %}”é A\'S( 3[}?
G Copper: \)$'LI¢ 7/ﬂL 5" Zlﬂc C&S\ gc}lb

O This is due to an L AR sed Shlﬂi(zb\ in these forms

O Condensed notation always has a MO\Q gl in square brackets, as these are the
elements with full outer shells J
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