CHEMISTRY 40S

The Alchemist's
Notebook

UNIT 5 - ATOMIC STRUCTURE

“Chhhhhhh . .. Lock at that, Schuster . . .
Dogis are so cute when they try 1o comprehend
guantum mechanies.’”
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LET’S GET STARTED!

By the end of this unit, you should be able to:

v" Describe qualitatively and quantitatively, the electromagnetic spectrum of radiation in
terms of frequency, wavelength, and energy.
Recognize, through direct observation, that elements have unique line spectra.
Outline the historical development of the quantum mechanical model of the atom.

Write electron configurations for elements of the periodic table.

D N N NN

Relate the electron configuration of an element to its valence electron(s) and its position

on the periodic table.

<

Identify and account for periodic trends among the properties of elements and relate the

properties to electron configuration

This unit will take approximately 10 lessons to complete and will comprise 10% of your mark
in this class.



1. THE NATURE OF LIGHT

UNIT 5 — ATOMIC STRUCTURE

CH40S MR. WIEBE

INTRODUCTION

= Atomic structure explains chemical properties and
patterns of chemical reactivity.

=Chemical reactions involve electrons. Knowing where
the electrons are and how many there are helps
explain many chemical phenomena.

=We use different forms of light to explore atomic
structure (spectroscopy). Because of this, we start with
a discussion of the nature of light.




THE NATURE OF LIGHT - PARTICLES OR WAVES<e?

Isaac Newton: Light must be
made of particles because it...

= fravels in a vacuum
= reflects off objects

= exerts force (on the tails of
comets)

Christican Huygens: Light must
consist of waves because if...

= reflects like waves
= refracts and diffracts
= exhibits interference

GENERAL CHARACTERISTICS OF WAVES

Wavelength

undisturbed
position
(equilibrium)

Wavelength

Amplitude: maximum displacement of a point on a wave away from its undisturbed position

Wavelength: distance from a point on one wave to the equivalent point on the adjacent wave.




GENERAL CHARACTERISTICS OF WAVES

Frequency: the number of times a crest passes a fixed
point per unit of time.

v = (A)(F)

F3m-
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3 meters per wave
2 waves per second

WAVELENGTH AND FREQUENCY

Higher Frequency Smaller Wavelength

Wavelength and Frequency
are Inversely Proportional

VAVAVAVA

Less Frequency Bigger Wavelength




THE WAVE NATURE OF LIGHT

Speed of Light

Lig hT Tro Ve | S Th ro U g h 7.5 orbits per second at surface
space as a wdve.

It travels at a constant
speed equal to 3.00 x
108 m/s or 300 million
m/s.

James O'Donoghue / NASA — T: @physicsJ IG: jameslikesspace

ssssss

THE SPEED OF LIGHT IS FAST...

EARTH AND MOON

— 1o scale —

Speed of light in real-time

Surface-to-surface in 1.255 seconds

Average distance
384,400 xm

James O'Donoghue / NASA imagery — T. @physics) IG: jameshkesspace




...BUT ONLY RELATIVELY.

EARTH, MooN AND MARS

— All distances to scale; bodies x20 larger —

Speed of light in real-time
Earth-Mars oneway = 3min 2sec

Closest approach
54.6 Million km

BY THE END OF THE 1800's...

Light is an electromagnetic wave composed of continuous wavelengths that
form a spectrum. Light and matter are two distinctly different entities.

JAMES MAXWELL
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Light can be broken down into 7 different types. These types
are categorized based on wavelength and frequency.

IV A AN~

Gamma ray X-ray  Ultraviolet Visible Infrared Microwave Radio Radiation Type
1012 1010 108 0.5 x10°® 10° 102 10° Wavelength / m

= R &
® & PB4 Y e

Atomic Nuclei  Atoms Molecules Protozoans Needle Point Butterfies Humans Buildings

| TN T -

10%° 108 10'® 10%° 10'2 810 104 Frequency / Hz

I ELECTROMAGNETIC RADIATION (EMR)

Raging Martians Invaded ROY G. BIV Using X-Ray Guns

£ e

Different types of light have different wavelengths and
frequencies that are inversely proportional.

SUMMARY
All types of light travel at the same speed.




INFRARED SPECTROSCOPY

NASA's Hubble Space
Telescope has cameras
that can capture
different wavelengths of
light, resulting in images
that show different
perspectives of the same
object.

s

M16 = Eagle Nebula
Hubble Space Telescope = WFC3/UVIS/IR

Thermal (infrared) imaging is
very useful. It can be used to
detect abnormal heat
signatures in electrical circuits
as well as in animals.

I THERMAL IMAGING



PARTICLE THEORY OF LIGHT

= In the early 1900’s, new evidence was
discovered by Max Planck, Albert Einstein, and
others that resurrected the particle theory of
light.

= Light is now thought to be composed of particles
(quanta) each carrying a fixed amount of
energy. These particles are called photons.

= The amount of energy per photon is directly
proportional to the frequency of the light:

E=hv or E=h7C h=6.626x10"2*J-s

15

PHOTONS = WAVICLES?

Particle + Wave =

s N W DN
o < el

PHOTONS!

AVAVAVR 11
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IN OTHER WORDS...

LARGE Wavelength = smau Frequency = smauw ENERGY PHOTON

A\~

smau Wavelength = LARGE Frequency = LARGE ENERGY PHOTON

WW-

C = AV
A = wavelength in meters

v = frequency ( % becomes s-! or Hz)

c = speed of light (3.00 x 108 m/s)

17
I CONVERTING BETWEEN WAVELENGTH & FREQUENCY
18




ENERGY OF A PHOTON

E=hv or E:hTC 'h=6.626x10"3*J-s

E = energy of photon (Joules)
h = Planck’s Constant

I V = frequency of wave (Hz or s')

1000000 =108 mega

DON'T FORGET SI UNITS!
Multiplication Factor Prefix Symbol
1,000,000,000 = 109 giga
1000=103 kilo

100 = 102 hecto
1=1

0.01 =102 centi

0.001 = 1073 milli
0.000001 = 10-6 micro
0.00000001 = 10-° hano

SE 3 O

Gigantic Megaphones Killed 1 Million Microscopic Nanobots




CALCULATIONS INVOLVING EMR

The wavelength of maximum visual acuity in humans is 550 nm.
(green light)

Multiplication Factor Prefix Symbol
1,000,000,000 = 10° giga r\Gn
What is the frequency of a single 1'°°?$§§gi§; o | ¥
photon having this wavelengthe e .
0.001 = 103 mili | m
0.000001 = 10-6 micro | p
0.00000001 = 10-8 nano | n

The wavelength of maximum visual acuity in humans is 550 nm.
(green light)

What is the energy of a single green photon having this
wavelength?

What is the energy of a mole of green photons?

zzzzzzz

I CALCULATIONS INVOLVING EMR



2. LINE SPECTRA OF ELEMENTS

UNIT 5 - ATOMIC STRUCTURE

CH40S MR. WIEBE

RECAP...

=Light (EMR) can be categorized by wavelength and
frequency into a spectrum.

= Max Planck noticed that when matter absorbs waves
of EMR (ie. Heating up a metal object), it doesn’t do
SO in a confinuous fashion. It does so in “chunks” or
quanta called photons.

=The energy contained by each photon is directly
proportional to the frequency of the EMR.

Slide 2




RELATIONSHIP BETWEEN VARIABLES

Long - 1 second -
Woveleng’rh M

Ay

Low Frequency VW\/

v, = 4 cycles/second =4 hertz
Low EN ERGY

X
S

v, = 16 cycles/second = 16 hertz H|gh ENERGY

CONTINUOUS SPECTRUM

When white light (such as
light from the sun or from an :
incandescent light bulb) is < é
passed through a prism, it =
produces a continuous Slit Prism
spectrum of colours.

White light is comprised of %

photons of every
wavelength in the visible
spectrum.

Light source

Photographic
film

Slide 4

= 8 cycles/second = 8 hertz
. Wavelength




CONTINUOUS SPECTRUM

Rainbows are formed Refraction
when raindrops act as v
prisms, separating the

sunlight into all its Sunlight
component wavelengths

to produce a continuous

spectrum of photons.

A Reflection

N
Refraction

\

FLAME COLOURS

When heat or el_ec’rricol @

RADI UM mwm BDRDN

Every element produces a
distinctly unique colour.

current are applied to
samples of elements,
different colours of light
are produced.

&

A \t g |
O‘ . 1
InCl; CsCl RbCl H,8O, cuso, Cl 1 sc LicL




ATOMIC LINE SPECTRA

434.1 nm
410.1 nm | 486.1 nm 656.3 nm

When this light is passed g
though a prism, a line

spectrum is produced

rather than a continuous
spectrum.

Gas
discharge
tube

For example, when ot
hydrogen atoms are

excited and the light

produced is passed A
through a prism, only 4 Voo
wavelengths of light are spectrum

A (nm) %

produced. w00 450 500 550

Slit

EMMISSION LINE SPECTRA

Continuous

Every element has “ecnm
a unigue line
spectrum that can  sedum

be used to identify

prints.

Calcium

Mercury

4000 A 5000 6000 7000

400 450 500 550 600 650 700 750 nm




EMMISION LINE SPECTRA
When light from space is

collected and passed
though a prism, much of
the time the line spectra
match the line spectrum
of hydrogen.

This is how we know
99.9% of our known
universe is comprised of
hydrogen.

WHY DOES THIS HAPPEN?

Remember that electrons are
found in energy levels around
the nucleus of atoms.

The farther away from the
nucleus the electron (the
higher the energy level), the
more energy the electron
must have to stay there.

Slide 10




WHY DOES THIS HAPPEN?

When an atom of hydrogen absorbs
energy, the electron also increases in
energy.

As aresult, the electron gets promoted to a
higher energy level. The atom is now in an °
excited state.

When the electron loses that energy, it
returns to its natural energy level (ground .
state).

The energy lost as the electron falls is given

off as a photon of light of equivalent
energy. The time it takes for an electron

to rise and fall is measured in
zeptoseconds (102!

THE BALMER SERIES

MW
2
Balmer .

et B o=

ENERGY

series

11
12



THE BALMER SERIES

=
=

ENERGY
Lot 8

Balmer
series

13

THE BOHR MODEL REVISED

Ri{
-4-- JIL 3
rn!rared
IR
E
2
=
21100
5
=]
x
>
=
@
c
w




3. ELECTRON CONFIGURATIONS

UNIT 5 - QUANTUM MODEL OF THE ATOM

CH40S MR. WIEBE

4341 nm

R E\/I EW 4101 om | 486.1 nm 656.3 N
H

400 450 500 550 600 650 700 750 nm

Gas
discharge
tube
containing
hydrogen

A

Visible
spectrum
A (nm) ‘ .
400 450 500 550 600 650 700 750 nm

Hg

400 450 500 550 600 650 700 750 nm




REVIEW
— E:j;iy ............ n=
n=2 of "".r.\=3
Hydrogen " 7

% Violet i

_~"shells or
“orbits”
of electron

= Although it works great
for single-electron atoms,
Bohr's model fails for
atoms with 2 or more
electrons!

Bohe's Atvmic
yv\,oi.t l

IS IT REALLY THAT SIMPLE®?

= Ultimately, the failures of
Bohr's model lay in the fact
that he freated the electron
as a particle rather than a
wavel

QUANTUM ATomIC
MobEL

Slide 4

3
4




behave as “wave-particles” or photons, then
so can matter!

= He showed that the wavelength of a baseball
is negligible (as expected), but that the
wavelength of an electron was on the order of
magnitude equal to that of electromagnetic
radiation!

= This is what Bohr had missed — an atomic
model must make use of the wave-nature of
electrons to be completel

MODIFYING THE BOHR MODEL
= Louis de Broglie made the leap that if light can

Slide 5

Standing
1 half-wavelength

ne2 NN

| 2half-wavelengths |

= W =3(A
P A

E 3 half-wavelengths :

I —nll

Electrons =
Must Act
Like

7

Forbidden
n=3%




Mode 1

2 nodes / \

3 nodes /"\/
5 nodes /\/\/

Mode 5

WHAT PART OF _-_.;". ,-_I,:._;if' b
if ;'i ¥ (En) =| :—ﬂ Vi+V@ED | WD e’ Ll
ot 2m o ;
DON'T YOU UNDERSTAND? w IR L

QMAMWM ATomMmlC
ModeL

Slide 8




There is only 1
arrangement of an's
orbital.

One s orbital is found in
every energy level.

n=4
------- 4f
----- 4d
=3
n B
----- 3d 4s
Js
n=2
s e e 2)
25
n=1
15 |lowest energy orbital
9
s orbitals
rd
10



p orbitals

y y y

r4

*x

2p, orbital 2py orbital 2p, orbital

There are 3 arrangements of p orbitals.

d orbitals

There are 5 arrangements
of d orbitals

Five d orbitals are found in
energy levels after and
including n=3.

Three p orbitals are found in energy levels after and
including n=2.




f orbitals

{ ' y There are 7
i x ] k arrangements of
/’ /ﬂ f orbitals

fzﬂ-%zr2 f)@-%xrz 73'3-%yr2
- Seven f orbitals are
x X x « found in energy levels
, y , , after and including
f;<yz fy{x2 -22 T;c(z? -y2) fz(x2 -y2 n — 4 .
13

THE PAULI EXCLUSION PRINCIPLE

Electrons occupying the same
orbital must have opposite spins. As
such, the maximum number of
electrons allowed in any orbital is 2!

§ N
WOLFGANG PAULI Slide 14




Putting it Toge’rher

ok

2p, orbital Zp orbital 2p, orbital

EACH ARRANGEMENT OF THE ORBITAL CAN
HOLD 2 ELECTRONS

’x | d.: ]
* fzi 3112 fa- 3-xr2 fy: -3-yr2

%Hé %%

fi2.22 22.y2) Fo2.y2 .
" bk e Slide 15

n=3 6p
B AR | L EnnnnREEE SN

6s D
Each row represents
2s 2p one shell
Each duster of boxes
represents one subshell
2s D

potential energy

Energy —»

3s_] Note: the energies of the
d and flevels vary with

2
pl:l:l:] their occupancy.

ss[ | WL T TT]
one orbital 15D

4s D 3d
n = ID

1s

15
0 ] o T 11T




OTHER CONSIDERATIONS

2. Aufbavu Principle

(Elec’rrons always fill ’rhe\
lowest energy orbitals
first.

v,

WOLFGANG PAULI

3. Hund'’s Rule

Electrons only pair up in
orbitals after every orbital
contains single electrons.

FRIEDRICHHUND

I OTHER CONSIDERATIONS




VERTICAL ORBITAL DIAGRAMS

Determine the electron configuration for carbon.

45 s T T [ 1]

e[ [ T ]
3SD

ep[ L
25|:|

'Isl:l

Write carbon’s electron configuration in a horizontal diagram.

e UL

2P

An atom will either gain electrons to fill half-filled orbitals in
an energy level or lose electrons to empty an energy level.

I HORIZONTAL ORBITAL DIAGRAMS



SUBLEVEL NOTATION

Write the electron configuration for oxygen in sublevel notation.

Horizontal Notation:

o LTI

2p

Sublevel Notation:

How many electrons does an oxygen atom need to gain or lose to achieve a
stable electron configuration?

N
[

VALENCE ELECTRONS

Complete the orbital energy diagram below for iron and then write its electron
configuration in sublevel notation. How many valence electrons does iron possess?
How many unpaired electrons does it possess?

45 Y

spl [ [ ]
3SD

1]

25|:|
'Isl:l




ION SUBLEVEL NOTATION

Write the electron configuration for a chloride ion in sublevel notation.

o[ sa T T 11
-
3SD

2o
25|:|

‘Isl:l

ION SUBLEVEL NOTATION

Write the electron configuration for a manganese ion in sublevel
notation.

s s T T 1T

e [ [ ]
3SD

[T
ZSD

1s|:|

23
24



SUMMARY

Energy |Sub-Energy | Orbitals Electrons | Number of Total

Level Levels in Each | Electrons in Each Electrons
Orbital Sub-Energy Level in Energy

Level

1 1s 1s, 2 2 2

2 25, 2p 1s5,3p’s 2 2,6 8

3 3s, 3p, 3d 1s5,3p’'s,5d’s 2 2,6,10 18

4 4s, 4p, 4d, 4f | 15,3 p’s, 5d's, 7f's |2 2,6,10, 14 32

Slide 25
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4. THE PERIODIC TABLE & ELECTRONS

CH40S UNIT 5 — ATOMIC STRUCTURE ~ MR. WIEBE

) s T T 1]

REVIEW QUIZ... T

. Write the sublevel notation electron = -
configuration for an atom of copper (Cu). 25 e
'Isl:l

2. Circle the valence electrons in your sublevel
notation.

3. How many unpaired electrons are found in an
atom of copper? Is copper magnetic or note

4. Predict the most common ion of copper from
your electron configuration. Write the electron
configuration of this ion.

Slide 2




PERIODIC TABLE - BASIC ORGANIZATION

hydrogen helm

Li | Be Blc|N|O|F|Ne

T T Thosphons | susir EI woon
1" 12 13 14 15 16 17 18

Na | Mg Al|Si| P | S |Cl|Ar

22,000 24305 z0cap | zaoes 30974 320886 36,453 33048
Polassum | caldum Scandm | manum | varadum | chiomum | magaese | o ool [EC] opper e Gl | gerantn | arseni | seksim | bomie | hopin
19 20 n 22 23 24 25 26 27 28 29 30 n 32 33 34 35 36

K | Ca Sc|Ti|V |CrIMn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As | Se | Br| Kr

32008 a007a 5 47,867 50912 51906 54938 55 56 sapus | Ga546 65,59 69723 261 74.922 7096 ra.om 83.00
TUbdLm | stnm Vilrm | Frconum | moanm Technalum | Amenum | modum | palladum | sier | cadmim | ndum in animony | telumum | bdine wEnan

37 38 39 40 a 42 43 44 45 48 47 48 49 50 51 52 53 54

Rb| Sr Y |Zr |[Nb(Mo|Tc|Ru{Rh|(Pd|{Ag|Cd| In [Sn|Sb|Te| | | Xe

o) 101,07 10291 10647 10787 11241 11457 11871 13878 12760 126,90 13129
o

9 900 95,9 [,
Casim | ari Tulesumi | hanum | taniahim | ungsten | henm | Gsmbm | o | patem | ook wercury [ halum =] Tl | posmium | asiaine

55 56 57-70 Il 72 73 74 75 7% 77 78 79 80 81 82 83 84 85 86

Cs|Ba| * |Lu|Hf [Ta| W |Re|Os| Ir | Pt | Au|Hg| Tl | Pb| Bi | Po| At | Rn

137 17497 17849 180,55 183,84 15 21 190,23 196,97 20050 20438 20732 20808 [205 1210 22

13291 1.2 196,06 9
Tancim | rdim Tawrenau [reroeum|  dubnum | saaborgium | bohrum | hassam | melinetm | Gmanniium | tnumem | ik [y
a7

88 89-102 103 104 105 106 107 108 109 110 111 112 114

Fr|Ra|**| Lr | Rf | Db | Sg| Bh| Hs | Mt |Uun{Uuu/Uub Uugq

21 1272 1273 289

Taarm | e ooy | prometin | samanan | o v T Gounm | Vet | dyserashin I T T

57 58 5 & &1 62 | Mes | e 65 |66 & 68 5 i)

La|Ce|Pr|{Nd|Pm|Sm|Eu|Gd|Thb|Dy|Ho| Er [Tm|Yb

138,61 140,43 14001 144,24 (145 150 36 151,08 157,95 15093 162.50 164,93 167.20 16803 17304
actnim |~ thorum | protacioem | wantm | neptinum | phacnkm | amencum | cumim | beekalum [ caliomia | eistoinim [ femus nbslium
89 20 Ll 93 102

**Actinide series 92 94 95 9% 97 98 99 100 101

Ac|Th|Pa| U |Np|Pu|Am|Cm|Bk | Cf | Es |Fm|Md| No

21 23204 23104 280 frai} 44 1247 [z47) [247] 1251 1252 [257) 1268 1253

*Lanthanide series

Increasing metallic character

3B 48 5B 68 7B —°2 1B 28

sc|Ti| v | cr|Mn| Fe [ co| Ni[cu|zn
Y | Zr |Nb|Mo| Tc|Ru|Rh| Pd|Ag|Cd
La [Hf| Ta| W |Re| Os| Ir | Pt [Au|Hg

Increasing metallic character

| |Metals Ce | Pr|Nd|Pm|Sm| Eu |Gd| Tb |Dy|Ho| Er |Tm| Yb| Lu
Metalloids L{ Th| Pa| U |Np| Pu|Am|cm|Bk| C¢| Es [Fm|Md|No| Lr
~ |Nonmetals

I PERIODIC TABLE - HIDDEN PATTERNS

2/3/2021



Begin here —»-| 1s 1s

(S5 |¥(®

g8 |-

7p

I THE BEAUTY OF THE PERIODIC TABLE

The last electrons in the electron configuration correspond to the
placement of the element in its specific “block”.

1A
1 8A
18

1
H 2

18t | 2A 3A 4A 5A 6A 7A | He
2 13 14 15 16 17 | ¥

Core [53 1 4 516|789 |10
Li | Be B|C|[N|O|F |Ne
Hel | 21 | 22 220" | 2522 | 2527 | 25t | 252 | 2298

1 | 12 8B 13|14 | 15| 16 | 17 | 18

Na|Mg| 33 48 5B 6B 7B 8 9 10 1B 2B |Al]}Si| P | S |Cl|Ar
[Ne] 3! | 32 3 4 5 6 7o .11 12 |3t |3t | Ayt | a3yt | astap®

19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 [ 32 § 33 | 34 | 35 | 36

K | Ca ([NSch S Td A4 Cr |[Mn | Fe [ Co | Ni | Cu| Zn | Ga | Ge | As | Se | Br | Kr
[Ar] 48 | 4@ |4l | 4523 | 453a% | 451305 | 45705 | 45%d8 | 423d7 | 453 | 4513010 | 452340 | 45%30 ™ |45°3d O l4s?3d " | 45734 ™0 | 457340 45734
' | 4 4t | 4 |
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 528 53 54

Rb | Sr Y Zr ([ Nb (Mo | Tc | Ru [ Rh | Pd | Ag | Cd | In
[Kr] 5t | 5% | 5etad! | 55hd? | 55 | 5 | 55%d° | 5s'ad” | 5sad® | 4d™ |554d™” |55%4a"0 | 554"

Sn | Sb | Te | T | Xe
544" 5524 | 52440 | 544" | 5544
o

5p 5 5p° | 5

For example - Magnesium
[Ne] 3s2and found 2 jumps across the 3 period in the s-block!

I THE BEAUTY OF THE PERIODIC TABLE

2/3/2021
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SUBLEVEL NOTATION — COMPLETE CONFIGURATION

Zinc (Zn)

m N - Begin here —»| 1s 1s

ke

ee|E(w|®

Ffe|2|x|@| R
L8|

89402

¥%| Ur | Rf | Db | Sg | Bh | Hs | Mt [UunUtuutb|  |utg

“Lanthanide series | 7 “ o

La|Ce| Pr|Nd|Pm ST Eu|Gd|Tb | Dy |Ho| Er |Tm

**Actinide series | 88 | 30

u S

Platinum (Pt)

Begin here —-

e|L|E | |®

EX
*

aewaa’e—-l
_I

2|2 |&|R

6 | sot0z
*

7

*Lanthanide series
L

**Actinide series | & | % |51
A

7
I SUBLEVEL NOTATION — NOBLE GAS CONGIGURATION
8
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5. PERIODIC PROPERTIES OF ELEMENTS

CH40S UNIT 5 — ATOMIC STRUCTURE ~ MR. WIEBE

REVIEW

What is the electron configuration of bismuth (Bi) in noble
gas notation?

1A 8A

! .2A

3A 4A 5A 6A 7A.

NN U= N
0

4](14




THE “"PERIODIC" TABLE

“Periodicity” :

refers to similarities in behavior and reactivity due to similar
outer shell electron configurations.

For example:

v All Alkali Metals have one half-filled s-orbital
v All Noble Gases have completely filled p-orbitals.

PERIODICITY OF ELECTRON CONFIGURATIONS

1A

8A
! 18
1
H 2
1 | 2A 3A 4A 5A 6A 7A | He
2 13 14 15 16 17 | 1
Core I 5 6 | 7|8 ]9 |10
Li Be B (& N (0] F Ne
[He] | 280 | 29 22t | 252 | 252 | 2522t | 2525 | 252
1 | 12 8B 13 )14 | 15|16 | 17 | 18
Na | Mg |33 48 58 6B 7B 8 9 10 1B 2B |Al|Si| P | S | Cl | Ar
[Ne] 35! 352 3 4 5 6 7 x 11 12 3523;7' 3523;71 3523;:3 3523;7‘ 3sz3p5 3523;:6
19 20 2% 22 23 24 25 26 27 28 29 30 31 32! B3 34 ob 36
K Ca | Sc Ti v Cr [Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se Br | Kr
[Ar] 45t | 4 |45l | 4s%3d? | 45333 | 45'3d° | 45735 | 457346 | 45%3d7 | 453d® | 4513410 | 4523010 |453d™° |45%3d " 45?34 | 45340 | 453d™° | 45%3d ™
G T I O I
37 38 39 40 41 42 43 44 45 46 47 48 49 50 ol B2 53 54
Rb | Sr | Y | Zr [Nb |[Mo | Tc | Ru | Rh | Pd | Ag [ Cd | In | Sn | Sb | Te | T | Xe
[Kr] 550 | 552 | 5s?4d! | 55%4d? | 55243 | 5s'4d® | 55%4d° | 5s'4d” | 55'4d® | 44" |5s5'4d™0 | 552440 |55°4d™ | 55°4d " | 5s%4d Y 55%4d™ | 5544 | 55744 ™
spt | s | s st | st | 5p°

2/3/2021



TRENDS IN ATOMIC PROPERTIES -DEFINITIONS

lonization Energy the energy required to remove the

last electron from an atom

Atomic Radius Distance from nucleus to the

outermost orbital in an atom (pretty
much...)

20

15

10

5

1]

[ONIZATION ENERGY (EV)

HELIUM

NEON

A

i
A A
o N W ¢

r'd

P~

1 2 3 4 5 -] 7 & 5 x» 11 12 13 14 15 16 17 18

ATOMIC NUMBER

I IONIZATION ENERGY

2/3/2021



IONIZATION ENERGY
Tends to INCREASE across a period

15

HELIUM

20

15

10

)
A 4
\ _

Vand |l

IONIZATION ENERGY (EV)

1 2 3 4 5 & 7 & 9 10 11 12 13 14 15 16 17 18

ATOMIC NUMBER

Explanation:

Number of protons in
nucleus increases,
the atfraction to
valence increases,
harder to remove.
(Coulomb’s Law)

IONIZATION ENERGY
Tends to DECREASE down a group
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Explanation:

Quter electrons are
farther from the
nucleus, have less
attraction and are
easier to remove.
(Coulomb’s Law)
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| lonization energy increases >

‘ Periodic Trend: 7]
2] lonization Energy [EEi]E] ]
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SUCCESSIVE IONIZATION ENERGIES - SULPHUR
Element I I, Iy Iy Is Ie Iy
S 1000 2252 3357 4556 7004 8496 | 27,107
 Every time an electron is removed _
from an orbital in a specific energy ""'i I | K
level, the remaining valence ﬁ—l b
electrons have less repulsion and
more attraction to nucleus. * .
e | » (N
+ This makes subsequent electrons £ L&
harder to remove, causing an R
increase in ionization energy. $ 1[
i
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SUCCESSIVE IONIZATION ENERGIES - SODIUM

Element Ih I, A +
- L
Na 496 | 4562 o 3s
S v Ay N
| | N P
* Itis much harder to remove s 5=
sodiums second outer electron g
since it is in a lower energy level, L= *+
much close to the nucleus. iv
1s
e o 3" 7 5" 6" 75 g™ 9" 10" 1170
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Atomic Radius [A]

ATOMIC RADIUS
Radius INCREASE down a group
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Explanation:

Each row on the
periodic table
adds a new
energy level fo the
atom further from
the nucleus.

[EE
g ]

ATOMIC RADIUS
Radius DECREASE across a period

Atomic Radius [A]
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Number of protons
in nucleus increases,
increasing
attraction & causing
the electrons to get
“pulled in”.
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| Atomic radius decreases >

20 [ 21 || 22 || 23 || 24 | 25 || 26 | 27 [ 28 || 29 || 30 || 3 32 || 33 | M4 | 3 36
Ca || Sc Ti V Cr I Mn || Fe || Co i Cu Zn Ga || Ge || As | Se Br Kr

|3s 39 |[40 [ 41 [[a2 | a3 ] a4 |[ a5 |[ a6 |[ 47 |[ 48 |[ 49 [ 50 | 51

Period Trend: H
s W] Atomic Radius [ElElE] ]
b

Ba H | Ta |l wo | Re [ os || & || P || Au [[Hg || |l o | i
.i"?a'a" #0104 £ 105 £ 106 & 107 5 108 | 109 | 110 | 111 192 ¢ 113 § 114 § 115 |
| Ra | Rf i Db % Sq i Bh ii Hs il Mt il Ds i Rg i Uub il Uut if Uuq i Uup
119 120
Uue Ubn
v TR EEEEEEEEER
,,Amnmesi'h's" 90 5"9'1": 95 | 96 . 97 . 98 . 99 & 100 | 101 | 102 | 103
LA Th i Paf U Am i Cm i Bk i Cf i Es £ Fm il Md if Mo i Lr
15
1
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CHALLENGE

Use the following collection of elements to answer the following questions:

Sodium, sulphur, calcium, chlorine, argon, potassium

1. Arrange the elements in order of increasing atomic radius.
2. Arrange the elements in order of decreasing ionization energy.

3. fPo’r%s.sium is more reactive than sodium. Give one possible explanation
or this.

4, fCoIT%i_um is less reactive than potassium. Give one possible explanation
or this.
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