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YOURNOTES
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i

2.1 Atomic & Electronic Structure

2.1.1The Nuclear Atom

Mass & Charge Distribution

e Themass of anatomis concentrated in the nucleus, because the nucleus contains the
heaviest subatomic particles (the neutrons and protons)
o Themass of the electronis negligible

e Thenucleusis also positively charged due to the protons

e Electrons orbit the nucleus of the atom, contributing very little toits overallmass, but
creating a ‘cloud’ of negative charge

¢ Theelectrostatic attraction between the positive nucleus and negatively charged
electrons orbiting arounditis what holds an atom together

THE NUCLEUS IS WHERE THE MASS OF
THE ATOM |S CONCENTRATED AND IS
MADE UP OF PROTONS (POSITIVELY
CHARGED) AND NEUTRONS (NEUTRAL)

ORBIT OF ELECTRON

MAINLY
EMPTY

. SPACE

NEGATIVE ELECTRONS AND
POSITIVELY CHARGED
NUCLEUS ARE ATTRACTED
TO EACH OTHER

/QEELECTRON (NEGATIVELY CHARGED)

The mass of the atomis concentratedin the positively charged nucleus whichis attracted to
the negatively charged electrons orbiting around it

Page 2 of 32

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Types of Subatomic Particles

The protons, neutrons and electrons that an atomis made up of are called subatomic
particles
These subatomic particles are so small thatitis not practical to measure theirmasses and
charges using conventional units (such as grams or coulombs)
Instead, theirmasses and charges are compared to each other,and so are called ‘relative
atomic masses’ and ‘relative atomic charges’
These arenot actual charges and masses, butrather charges and masses of particles
relative to each other
o Protons andneutrons have avery similarmass, soeachis assigned arelative mass of 1
o Electrons are 1836 times smaller than a proton and neutron, and so theirmass is often
described as being negligible

Therelative mass and charge of the subatomic particles are:

Relative Mass & Charge of Subatomic Particles Table

Subatomic Particle Relative Charge Relative Mass

Proton +1 1
Neutron 0] 1
Electr -1 L

ectron 1836
O ExamTip

You can see from the table how the relative mass of an electron is almost
negligibleThe charge of a single electronis -1.602189 x10°1? coulombs, whereas
the charge of a protonis +1.602189 x 10717 coulombs. However, relative to each
other, theircharges are -1and +1 respectively. This information can also been found
inthe IB Data Booklet
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2.1.2 Deducing Subatomic Particles YOURlNOTES

Atoms: Key Terms

¢ Theatomic number (or proton number) is the number of protons in the nucleus of an atom
andhas thesymbol Z
o Theatomic numberis also equal to the number of electrons that are presentin a
neutral atom of an element
o E.g.theatomic number of lithiumis 3, meaning that a neutral lithium atomhas 3
protons and, therefore, also has 3 electrons

¢ Themass number (ornucleon number) is the total number of protons + neutrons in the
nucleus of an atom, andhas the symbol A
¢ Thenumber of neutrons can be calculated by:

Number of neutrons = mass number - atomic number

o Protons andneutrons are also called nucleons, because they are foundin the nucleus

@ ExamTip

MASS NUMBER =

NUMBER OF NUCLEONS
IN A NUCLEUS

A

CHEMICAL SYMBOL
FOR ELEMENT

4

ATOMIC NUMBER
PROTON NUMBER)=

NUMBER OF PROTONS
IN- A NUCLEUS

Copyright © Save My Exams. Al Rights Reserved

The mass (nucleon) and atomic (proton) number are given for each element in the
Periodic Table
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Isotopes: Basics YOURNOTES
l

Isotopes are atoms of the same element that contain the same number of protons and
electrons but a different number of neutrons
Theway torepresent anisotopeis to write the chemical symbol (or the word) followed by a
dash andthen the mass number
o E.g.carbon-12andcarbon-14 areisotopes of carbon containing 6 and 8 neutrons
respectively
o Theseisotopes couldalso be written as '2C or C-12,and *C or C-14 respectively

PROTIUM DEUTERIUM TRITIUM

PROTONS 1 1 1
NEUTRONS 0] 1 2
ISOTOPIC 1 2 3
H H H
SYMBOL 1 1 1
@ =ELECTRON © = PROTON © = NEUTRON

The atomic structure and symbols of the three isotopes of hydrogen
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Determining the Subatomic Structure of Atoms & lons

e Anatomis neutral and has no overallcharge
¢ lons ontheotherhandhave eithergained orlost electrons causing them to become
charged

¢ Thenumber of subatomic particles in atoms andions can be determined given their
atomic (proton) number, mass (nucleon) numberand charge

Protons

¢ Theatomic numberof an atom andion determines which elementitis
¢ Therefore, allatoms andions of the same element have the same number of protons
(atomic number) in the nucleus
o E.g.lithium has an atomic number of 3 (three protons) whereas beryllium has atomic
number of 4 (4 protons)

¢ Thenumber of protons equals the atomic (proton) number
e Thenumber of protons of an unknown element can be calculated by usingits mass number
andnumber of neutrons:

Mass number = number of protons + number of neutrons

Number of protons = mass number - number of neutrons

7 Worked Example

Determine the number of protons of the followingions and atoms:

1.Mg?*ion
2.Carbonatom
3. Anunknown atom of element X with mass number 63 and 34 neutrons

Answer:

Answer 1: The atomic number of a magnesium atomis 12 suggesting that the number of
protonsinthe magnesium elementis 12

o Therefore the number of protons in a Mg2*ionis also 12 - the number of protons does
notchangewhen anionis formed

Answer 2: The atomic number of a carbon atomis 6 suggesting that a carbonatomhas 6
protonsinits nucleus

Answer 3: Use the formula to calculate the number of protons
Number of protons = mass number - number of neutrons
Number of protons = 63 - 34
Number of protons =29

o ElementXis therefore copper
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Electrons

e Anatomis neutral and therefore has the same number of protons and electrons
¢ |ons have a different number of electrons to the number of protons, depending on their
charge

o Apositively chargedion haslost electrons and therefore has fewer electrons than
protons

o Anegatively chargedion has gained electrons and therefore has more electrons than
protons

*> Worked Example
[

Determine the number of electrons of the followingions and atoms:

1.Mg?*ion
2.Carbonatom
3. Anunknown atom of element X with mass number 63 and 34 neutrons

Answer:

Answer 1: The atomic number of a magnesium atomis 12 suggesting that the number of
protons in the neutral magnesium atomis 12

o However, the 2+ chargein Mg?*ion suggests it has lost two electrons
o Itonlyhas10 electrons leftnow

Answer 2: The atomic number of a carbon atomis 6 suggesting that the neutral carbon
atomhas 6 electrons orbiting around the nucleus

Answer 3: The number of protons of element X can be calculated by:
Number of protons = mass number - number of neutrons
Number of protons = 63 - 34
Number of protons =29
o Theneutral atom of element X therefore also has 29 electrons

Neutrons

¢ Themass andatomic numbers can be usedto find the number of neutrons inions and
atoms:

Number of neutrons = mass number (A) - number of protons (Z)
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*> Worked Example !
[

Determine the number of neutrons of the followingions and atoms:

1.Mg?*ion
2.Carbon atom
3. Anunknown atom of element X with mass number 63 and 29 protons

Answer:
Answer 1: The atomic number of a magnesium atomis 12 and its mass numberis 24
Number of neutrons = mass number (A) - number of protons (Z)
Number of neutrons =24 - 12
Number of neutrons =12
o TheMg?*ionhas 12 neutronsinits nucleus
Answer 2: The atomic number of a carbon atomis 6 andits mass numberis 12
Number of neutrons = mass number (A) - number of protons (Z)
Number of neutrons =12 - 6
Number of neutrons = 6
o Thecarbonatomhas é neutronsinits nucleus
Answer 3: The atomic number of an element Xatomis 29 andits mass numberis 63
Number of neutrons = mass number (A) - number of protons (Z)
Number of neutrons = 63 - 29
Number of neutrons = 34

o Theneutral atom of element Xhas 34 neutrons inits nucleus
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2.1.3 Relative Atomic Mass Calculations YOUR TOTES

Relative Atomic Mass Calculations

* Isotopes are different atoms of the same element that contain the same number of
protons and electrons but a different number of neutrons
o Theseare atoms of the same elements but with different mass numbers

¢ Because of this, the mass of an elementis given as relative atomic mass (A;) by using the
average mass of all of theisotopes
e Therelative atomic mass of an element can be calculated by using the percentage
abundancevalues
o The percentage abundance of anisotopeis either given orcan beread off the mass
spectrum
o Firstly, findthe mass of 100 atoms by multiplying the percentage abundance by the
mass of eachisotope
o Secondly, divide by 100 to find the average atomic mass
o Forexample, if you have twoisotopes Aand B:

total mass of 100 atoms = (% abundanceas X massa) + (% abundanceg x massg)

£1 at _ total mass
mass of 1 atom = ——75=—

*> Worked Example

Asample of oxygen contains the followingisotopes

Isotope Percentage abundance

%0 99.76
0 0.04
0 0.20

Whatis therelative atomic mass of oxygen to 2 dp?
A16.00
B 17.18
C16.09

D 17.00

Answer:
The correctansweris A
o Totalmass of 100 atoms =(99.76 x16) + (0.04 x17) +(0.20x18) =1600.44
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o Massoflatom=1600.44+100=16.0044=16.00 (2 dp) YOURNOTES
i

e Hereis anotherexample, but this time using a mass spectrum to obtain the information:

) Worked Example

Calculate therelative atomic mass of boron usingits mass spectrum, to 2 dp:

(WE]
o A\
e
Z 80.1
a
=z
)
(an]
<
*e
19.9
| .
10 1 L

Answer:

o Totalmass of 100 atoms =(19.9x10) +(80.1x11) =1080.1
o Massoflatom=1080.1-100=10.801=10.80(2dp)
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The Electromagnetic Spectrum

* Theelectromagnetic spectrumis arange of frequencies that covers all electromagnetic
radiation and theirrespective wavelengths and energy

« [tis dividedintobands orregions, andis very importantin analytical chemistry

¢ The spectrum shows therelationship between frequency, wavelength and energy

¢ Frequencyis how many waves pass persecond, and wavelengthis the distance between
two consecutive peaks on the wave

e« Gammarays, X-rays and UV radiation are all dangerous - you can see from that end of the
spectrum thatitis high frequency and high energy, which can be very damaging to your

health

THE ELECTROMAGNETIC SPECTRUM
LOWER ENERGY HIGHER ENERGY
LONG WAVELENGTH SHORT WAVELENGTH
LOW FREQUENCY HIGH FREQUENCY

¢ Alllight waves travel at the same speed; what distinguishes them is their different
frequencies
+ Thespeed of light (symbol ‘¢’)is constantand has a value of 3.00 x 108 ms™!
¢ Asyoucanseefromthe spectrum, frequency (symbol ‘v') is inversely proportional to
wavelength (symbol ‘A')
o Inotherwords, the higherthe frequency, the shorterthe wavelength

e Theequation thatlinks themis c =vA
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¢ Sincecis constantyou canusethe formula to calculate the frequency of radiation given
thewavelength, andviceversa

Continuous versusline spectrum

¢ Acontinuous spectrumin the visible region contains all the colours of the spectrum
e Thisis whatyou are seeingin arainbow, which is formed by the refraction of white light
through a prism orwaterdropletsinrain

Copyright ®.

A continuous spectrum shows all frequencies of light

¢ However, aline spectrum only shows certain frequencies

The line spectrum of helium which shows only certain frequencies of light

¢ This tells us that the emittedlight from atoms can only be certain fixed frequencies - itis
quantised (quanta means 'little packet')
e Electrons canonly possess certainamounts of energy - they cannothave any energy value

(’) ExamTip
¥ Theformula thatrelates frequency and wavelengthis printedin Section 1of the IB

Chemistry Data Booklet soyou don’t need to learn itYou willalso find the speed of
lightand otheruseful constantsin Section 2
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2.1.5 Emission Spectra

Emission Spectra

Electrons move rapidly around the nucleus in energy shells

If theirenergy is increased, then they can jump to a higherenergy level

The processisreversible, so electrons canreturn to their original energy levels
o When this happens, they emit energy

The frequency of energy is exactly the same, itis just being emittedrather than absorbed:

&) —{assorPTION =

GROUND EXCITED STATE
STATE (HIGHER ENERGY & FURTHER
FROM NUCLEUS)

The difference between absorption and emission depends on whether electrons are jumping

from lower to higher energy levels or the other way around

The energy they emit is a mixture of different frequencies

This is thought to correspond to the many possibilities of electron jumps between energy
shells

If the emitted energy is in the visible region, it can be analysed by passingit through a
diffraction grating

Theresultis aline emission spectrum

Line emission spectra

Theline emission (visible) spectrum of hydrogen

Eachlineis a specific energy value
o This suggests that electrons can only possess alimited choice of allowed energies

These packets of energy are called 'quanta’ (plural quantum)

What you should notice about this spectrumis that the lines get closertogether towards
the blue end of the spectrum

This is called convergence and the set of lines is converging towards the higher energy
end, sothe electronis reaching a maximum amount of energy

This maximum corresponds to the ionisation energy of the electron
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e Theselines were first observed by the Swiss school teacher Johannes Balmer, and they are YOURNOTES
named afterhim 1

¢ Wenow know that theselines correspondto the electron jumping from higherlevels down
tothesecond orn=2energy level
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The Hydrogen Spectrum YOURNOTES
!

e Alargerversion of the hydrogen spectrum from the infrared to the ultraviolet region looks
like this

| PEUND SERIES |

| BRACKETT SERIES |

[RITZ-PASCHEN SERIES |

i BALMER SERIES LYMAN SERIES
| s| )

2000 %
1000

500

250 —

200 -

150 —

125 —

100 —

|
WAVELENGTH 8
nm: O
T3]
—— >
INFRARED VISIBLE ULTRAVIOLET

The full hydrogen spectrum

¢ Inthespectrum, we can see sets or families of lines

¢ Balmercouldnot explain why the lines were formed - an explanation had to wait until the
arrival of Planck's Quantum Theory in 1900

¢ Niels Bohrapplied the Quantum Theory to electrons in 1913, and proposed that electrons
couldonly existin fixed energy levels

e Theline emission spectrum of hydrogen provided evidence of these energy levels and it
was deduced that the families of lines corresponded to electrons jumping from higher
levels to lowerlevels
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Electronjumps in the hydrogen spectrum

PASCHEN (IR)

i

l PFUND (IR)

BRACKETT (IR)

¢ Thefindings helped scientists to understand how electrons work and provided the

backbone to ourknowledge of energy levels, sublevels and orbitals

e Thejumps canbe summarised as follows:

ElectronJumps & Energy Table

Region Energy
nos —>ng Infrared Low
nes—>n, Visible \L
ne< —>ny Ultraviolet High
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*> Worked Example !

Which electron transition in the hydrogen atom emits visible light?
An=Tton=2
B.n=2ton=3
C.n=2ton=1

D.n=3ton=2

Answer:
OptionDis correct

o Emissionin thevisible region occurs foran electron jumping from any higherenergy
levelton=2
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2.1.6 Energy Levels & Sublevels

ElectronEnergy Levels

Shells

¢ Thearrangement of electronsin an atomis called the electronic configuration
e Electrons are arranged aroundthe nucleus in principal energy levels or principal quantum
shells
¢ Principal quantumnumbers (n) are used to numberthe energy levels or quantum shells
o Thelower the principal quantum number, the closerthe shellis to the nucleus
o Thehigher the principal quantum number, the lesser the energy of the shell

¢ Each principal quantum numberhas a fixed number of electrons it can hold
o n=1:upto2electrons
o n=2:upto8electrons
o n=3:uptol8electrons
o n=4:upto32electrons

¢ Thereis a pattern here - the mathematicalrelationship between the number of electrons
andthe principal energy levelis 2n?
o Soforexample,inthethird shelln = 3andthe number of electrons is 2 x (32)=18

ATOM
ABSORBS
ENERGY

Electrons are arrangedin principal quantum shells, which are numbered by principal
quantumnumbers

Subshells
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¢ The principal quantum shells are splitinto subshells which are given the letters s,pandd YOURNOTES
o Elements with more than 57 electrons alsohave an f subshell 1
o Theenergy of the electrons in the subshells increases inthe orders <p <d

» Theorderof subshells overlap for the higher principal quantum shells as seenin the diagram

below:
Af 14e-
4d 10e~
Bs
n=4 4p Ge-
3d 10e
G 4s 2e”
s
L
E n=3 3p 6e
o \
=z
2 3s 2e
w
o
@]
=z
2p 6e”
n=2 <
2s 2e”
n="1 1s 2e
PRINCIPAL QUANTUM SUB-SHELL
SHELL

Electrons are arrangedin principal quantum shells, which are numbered by principal
quantumnumbers

Orbitals

e Thesubshells contain one or more atomic orbitals

e Orbitals exist at specific energy levels and electrons can only be found at these specific
levels, notin between

o Each atomic orbital can be occupied by a maximum of two electrons

¢ Theorbitals have specific 3D shapes
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YOURNOTES
() NORMALLY DRAWN AS l
a. s ORBITALS
. . .
T e — el i v
@ | %

NORMALLY DRAWN AS

7 o -

b. p ORBITALS

Representation of orbitals (the dot represents the nucleus of the atom) showing spherical s
orbitals (a), p orbitals containing ‘lobes’ along the x, y and z axis

¢ Notethatthe shape of the d orbitals is not required for IB Chemistry
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® ORBITALS

SUBSHELLS ¢

Anoverview of the shells, subshells and orbitals inanatom

Ground state

¢ Theground stateis the most stable electronic configuration of an atom which has the
lowest amount of energy

e Thisis achievedby filling the subshells of energy with the lowest energy first (1s) - this is
called the Aufbau Principle

¢ The orderof the subshells in terms of increasing energy does not follow a regular pattern at
n=3andhigher

n='l
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The Aufbau Principle - following the arrows gives you the filling order YOURNOTES

!
Sublevels & Energy

¢ The principal quantumshells increasein energy with increasing principal quantum
number
o Eg.n=4ishigherinenergythann=2

e Thesubshellsincreaseinenergyasfollows:s < p < d < f
o Theonly exceptiontotheserulesis the 3d orbital which has slightly higherenergy than
the 4s orbital, so the 4s orbital is filled before the 3d orbital

¢ Allthe orbitals in the same subshellhave the same energy and are said to be degenerate
o Eg.py pyandp;areallequalin energy

ELECTRON
SUBSHELLS

ELECTRON
ORBITALS

ELECTRON
SHELLS

3s O 3s
2p Q00 >

2s . 2s
1s . 1s

Relative energies of the shells and subshells
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2.1.7 Sublevels & Orbitals YOURlNOTES

Electron Orbitals

¢ Eachshellcanbedivided furtherinto subshells, labelleds, p, d and f
e Eachsubshellcanhold a specific number of orbitals:

o ssubshell:1orbital

o psubshell: 3orbitals labelled p,, py and p,

o dsubshell: 5 orbitals

o fsubshell:7 orbitals

¢ Each orbital can hold a maximum number of 2 electrons so the maximum number of
electronsin each subshell are as follows:
o s:1x2=total of 2 electrons
p:3x2=total of 6 electrons
d:5x2=totalof 10 electrons
o f:7x2=totalof14 electrons

(e}

[e]

¢ Inthe groundstate, orbitals in the same subshellhave the same energy and are said to be
degenerate, so the energy of a p, orbitalis the same as a p orbital
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YOURNOTES
[ ELECTRONS !
IN ORBITALS

= SUBSHELLS

Shells are dividedinto subshells which are further dividedinto orbitals

Summary of the Arrangement of Electrons in Atoms Table
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YOURNOTES
Orbitals l
Principal per
quantum Subshells  Orbitals principal Electrons
number,n  possible per quantum per Electrons
(shell) (s, p, d, f) subshell number subshell per shell
1 s 1 1 2 2
s Al &
2 4 8
P 3 6
s 1 2
3 p 3 9 6 18
d 5 10
s 1 2
p 3 6
4 16 S
d 5 10
f 7 14
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The s & p Orbitals

s orbitals

¢ Thes orbitals are spherical in shape
e Thesize of the s orbitals increases with increasing shellnumber
o E.g.thes orbital of the third quantum shell (n = 3) is bigger than the s orbital of the first
quantumshell(n=T)

1s z 2s z 3s z
= o ”
X X

The s orbitals become larger with increasing principal quantum number

p orbitals

¢ Thep orbitals are dumbbell-shaped

e Everyshellhas three p orbitals except forthe firstone(n=1)

e Thep orbitals occupy thex,y andzaxes and point atright angles to each other, so are
oriented perpendicular to one another

¢ Thelobes of the p orbitals become larger andlonger with increasing shellnumber

- o -

The p orbitals become larger andlonger with increasing principal quantum number
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2.1.8 Writing Electron Configurations YOURlNOTES

Electron Configurations: Basics

* Theelectron configuration gives information about the number of electrons in each shell,
subshell and orbital of an atom
¢ Thesubshells are filled in order of increasing energy

NUMBER OF
ELECTRONS

PRINCIPAL
QUANTUM
NUMBER

15"

The electron configuration shows the number of electrons occupying a subshellin a specific
shell
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Electron Configurations: Explained

» Electrons canbeimagined as small spinning charges which rotate around their own axis in
eithera clockwise or anticlockwise direction

o Thespin of the electronis represented by its direction
o Thespin creates a tiny magnetic field with N-S pole pointing up ordown

N S

S N

Electrons can spin eitherin a clockwise or anticlockwise direction around their own axis

¢ Electrons with the same spinrepel each otherwhichis also called spin-pair repulsion
o Therefore, electrons willoccupy separate orbitals in the same subshell first to minimise
this repulsion and have theirspinin the same direction
o They willthen pairup, with a second electron being added to the first p orbital, with its
spininthe opposite direction

e Thisis known asHund's Rule

o E.g.iftherearethreeelectronsinap subshell, one electron willgointo each py, py and
p;orbital

P{1[1]1

Electron configuration: three electrons ina p subshell

e Theprincipal quantum numberindicates the energy level of a particular shell but also
indicates the energy of the electrons in that shell

o AZ2pelectronisinthe secondshellandtherefore has an energy correspondington =2
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¢ Eventhough thereis repulsion between negatively charged electrons, they occupy the
sameregion of spacein orbitals

¢ Anorbital can only hold two electrons and they must have opposite spin - theis known as
the Pauli Exclusion Principle

e Thisis because the energy requiredtojump to a higherempty orbitalis greater than the
inter-electron repulsion

e Forthisreason, they pairup and occupy the lower energy levels first

Orbital Diagrams

¢ The electron configuration can also berepresented using the orbital spin diagrams
o Eachboxrepresents an atomic orbital
¢ Theboxes are arranged in order of increasing energy from lower to higher (i.e. starting from
closesttothenucleus)
e Theelectrons arerepresented by opposite arrows to show the spin of the electrons
o E.g.theboxnotation fortitaniumis shown below

NN INININ] NS [ NININ] (N M

1s  2s 2p 3s 3p 4s 3d

The electrons in titanium are arranged in their orbitals as shown. Electrons occupy the
lowest energy levels first before filling those with higher energy
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Determining Electronic Configurations

e Writing out the electronic configuration tells us how the electronsinan atom orion are
arrangedin their shells, subshells and orbitals
This can be done using the full electron configuration or the shorthand version
o The full electron configuration describes the arrangement of all electrons from the 1s
subshellup
o Theshorthand electron configurationincludes using the symbol of the nearest
preceding noble gas to account forhowever many electrons arein that noble gas,
followed by therest of the electron configuration

¢ lons are formed when atoms lose or gain electrons
o Negativeions are formed by adding electrons to the outer subshell
o Positiveions are formed by removing electrons from the outer subshell
o Thetransition metals fill the 4s subshell before the 3d subshell, but they alsolose
electrons from the 4s first rather than from the 3d subshell

¢ ThePeriodic Tableis split up into four main blocks depending on their electronic
configuration:

s block elements (valence electron(s) in s orbital)

p block elements (valence electron(s) in p orbital)

dblock elements (valence electron(s) in d orbital)

fblock elements (valence electron(s) in f orbital)

o

o

(e}

(e}

s—BLOCK 5—BLOCK
o
2s 2p
~ d—BLOCK 3
4s 3d 4p
Ss 4d 5p
6s 5d 6p
7s £-BLOCK
4f
5

The elements can be dividedinto four blocks according to their outer shell electron
configuration
Exceptions to the Aufbau Principle

e Chromium and copperhave the following electron configurations:
o Cris[Ar] 3d° 4s'not [Ar] 3d% 452
o Cuis[Ar]3d'0 4s'not [Ar] 3d” 452
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« Thisis because the [Ar] 3d® 4s'and [Ar] 3d'° 4s'configurations are energetically YOURNOTES
favourable 1

¢ Bypromotingan electron from 4s to 3d, these atoms achieve a half full or fulld-subshell,
respectively

7 Worked Example

Write down the fulland shorthand electron configuration of the following elements:

1. Potassium
2. Calcium
3. Gallium
4.Ca?t

Answer:
Answer1:
o Potassiumhas 19 electrons so the full electronic configurationis:
1522522p%3s23pb 4s!

o The4s orbitalis lowerin energy than the 3d subshell andis therefore filled first
o Thenearest precedingnoble gas to potassiumis argonwhich accounts for18
electrons so the shorthand electron configurationis:

[Ar] 4s!
Answer 2:
o Calciumhas 20 electrons so the full electronic configurationis:
1522522p% 352 3pb 452

o The4s orbitalis lowerin energy than the 3d subshellandis therefore filled first
o Theshorthand versionis [Ar] 4s2since argon s the nearest preceding noble gas to
calciumwhich accounts for18 electrons

Answer 3:
o Gallium has 31 electrons so the full electronic configurationis:
[Ar]3d'94s24p!
Answer 4:

o Ifyouionise calciumandremove two of its outer electrons, the electronic
configuration of the CaZ*ion is identical to that of argon:

Ca?*is1s22s22p6 3s23pb

Aris also1s22s22p83s23p°
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¢) ExamTip YOURNOTES
¥  Orbital spin diagrams can be drawn horizontally or vertically, going up ordown the !
page - thereis no hard andfastrule about this. Theimportant thingis that you label
the boxes and have theright number of electrons shown. The arrows you use for
electrons can be full or half-headed arrows, but they must be in opposite directions

inthe same box.
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