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Atomic Theory

At the particulate (atomic) level:

Arrangement & energies of electrons define chemical properties
(Basis of the Periodic Table)

Electrons are responsible for observed chemical reactions
(Nucleus is NOT involved in ordinary chemical reactions)

Arrangement & energies of electrons predict chemical behavior
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Modern Atomic Theory

Based on Quantum (Discrete Energy) Mechanics
Particles behave as particle-waves (a duality)
Particle-wave location only a probability function

Quantum Theory emerged after 300 year debate

Light
Wave or Particle?

LIGHT 1S A

Whuel

Christian Huygens Isaac Newton
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Problem: Need Method to Remove Color Blurring

Should be single point

(a) The problem (b) The solution

Need to understand light
To improve lens design

‘ L \\
/ 4 Particles vs waves:
" Focal point

for red ight \ Different math

Modern lenses have 5 or more optical elements
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Particles vs. Waves
Particles = like tiny BB’s
Wave = repeating oscillation

Wavelength (A) = distance between adjacent identical points
Frequency (v) = # of waves passing a fixed point in one second

Frequency & Wavelength are inversely related:
high frequency means short wavelength
low frequency means long wavelength

wavelength

Crest Crest
/ \ / \ ¢ = speed of light (in vacuum)
/ = 299,792,458 m/sec
: \ — ] (3 x 10 m/sec)
= 186,000 mi/sec
Trough Trough

¢ from Latin celeritus ‘“‘swiftness”
wavelength
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Electromagnetic Spectrum

Sunlamps  Hestlsmps  Microwsve UHFTV.  FPMradio, VHFTV  AMradio
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Wave energy & frequency are directly related.
frequency increases, energy increases RO AN
energy decreases, frequency decreases

. e ANANNANN
Wave energy & wavelength are inversely related .. N\ AN\NAAS
wavelength increases, energy decreases AT

wavelength decreases, energy increases
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Visible Light

Only a small portion
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Properties of Light

Reflection
Mirrors
|
6 !
|
- Refraction
b \

Bending

Lenses
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Properties of Light
Interference /%

w E
Amplification

Cancellation
é

Diffraction

Prisms
Rainbows
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Properties of Light

Two-Slit Experiment
Attempt to Measure Alters Results

2 Slits Emphasize Interference (wave phenomena)
Try to measure at slits: get no interference, just particle pattern
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Properties of Light
Polarization
Light =
source Polarising filter
- Glare Filters
et 3-D Visualizations
Unpolarised ight Strain Visualizations

Oy Ty P TayTor, PR D AT Righs Reserved

LPT

Properties of Light

Photoelectric Effect — light creates current (electrons) flow

E photon= hv

700 nm

1776V ssonm - 296x10° mis

Potassium - 2.0 eV needed to eject electron

Photoelectric effect

Einstein — Nobel Prize
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Vax = 6:22x10° mfs

225eV
/AOO nm
(e 3.1eV ’e
no 0 0
electrons o X

Not all colors (energies)
Create photoelectric effect

Only Possible by
Energy transfer of particles
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Properties of Light

Summary

Can be explained mterms of  Can be explamed in terms of
waves particles

Reflection UVAVAVEY 4 o+~ v
Refiaction UVAVAVE S e+~ Vv
Titericrente LVAVAVEY 4 @ - ®
A VAVAVE VS =R
Polarization LVAVAYEY S o ®
Hodse  A/\N, () o~ v

Phenomenen
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Spectrum Experiment

Hot source emitting St Prism
continuous spectrum
Continuous spectrum
~ WV 4

[—

=
Cloud of hot,
transparentgas  Slit oo

emitiing certain colours
emission spectrum

st Lary P Taphor, LD, AllRighs Reserd LPT

Emission Spectra: Measure of electron energy
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Emission Spectra

Determines Observed Colors
Of Lights & Flames

\Na vapor Hg Vapor

Iurora S
. Red: Oxygen
PerteChnlcs Blue Green Purple: Nitrogen
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Emission Spectra
Determines Observed Colors Of lights & flames

THE CHEMISTRY OF GLOW STICK COLOURS THE COLOR OF A METEOR

DEPENDS ON ITS CHEMICAL COMPOSITION
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Emission Spectra: Indicators of Electron Energy

Emission spectra — Discrete energy lines
Define electron energies
Different electron energies
Define chemical properties
Define Periodic Table Arrangement
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Emission Spectra: Astronomical Tool for Discovery

Hydrégen
Oxyge‘n. ‘ " .
—Tsa 1] |

17Tl

Presence of Hydrogen and Oxygen Exciting
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Electron States

Visible light

Ground State =» Absorbs energy = Excited state
Excited State <» Releases Energy = Ground State

Emission Spectra:  Excited State =» Ground State
Absorption Spectra: Ground State =» Excited State
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Bohr Model of the Hydrogen Atom

Treated electron as a particle

Energies of electrons are quantized (discrete steps)

Electrons reside in specific orbits around the nucleus
Behavior explained by Coulomb’s law of magnetic attraction
Only worked for hydrogen atom with one electron

A stepping stone
To quantum theory

Electron
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Heisenberg Uncertainty Principle

Based on a wave-particle duality

1t is not possible to simultaneously know electron position & velocity
It is not possible to know the exact path of electron travel (orbits)

At the atomic level,

Copyeight Lty P Tayr, Ph.D._ Al Righs Reseed LPT

Modern Atomic Theory (Quantum Mechanics)
‘Wave-Particle Duality

Explaining light and sub-atomic particles requires duality

Quantum Mechanics
Discrete, non-continuous values of energy

Energy “Leaps” from one level to another

QUANTUM MECHANICS
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Quantum Means “In Discrete Steps”

Quantized Process Continuous Process
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Quantum Mechanics

J | Schrodinger (1925) Wave Equation
HY=EY

There exists a wave function, H,
that describes the energy, E, of an electron wave system ¥

Y2 gjves probability of finding an electron in space
So, ¥? plot defines an electron orbital

Selected ¥ function (p orbital)

1- L] exp(fr/SrU)-e’

2
Yi = —Hndr [
7y wrg bry
Each electron: separate equation
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Quantum Mechanics

Schrodinger Wave Equation Solution
Defines all possible electron configurations in terms of
4 quantum numbers
(analogous to an indexing or addressing system)

The Periodic Table can be explained using these numbers

15
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Quantum Numbers

Name Symbol Meaning
Principle n Shell
Azimuthal l Orbital Type
Magnetic m, Orbital Orientation
Spin m, Spin

LI
L% 3
[ 2%
o2
[ 2% 1
o2
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Principle Quantum Number (n)
Valueofn=1,2,3,...,00
Represents average energy of electron orbital
Increasing n =¥ increasing energy
Increasing n =¥ increasing distance from the nucleus
Corresponds to the n value (row) on the periodic table
Corresponds to number of sub-orbitals available

Maximum number of electrons per n = 2n?
erovps I

[INEEEEEENNENNA]
O

PERIODS
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Azimuthal Quantum Number (¢)
Valueof 0<¢<n-1
Represents Sub-Orbital Type
¢=0-=> s orbital (spherical) “sharp”
¢=1=> p orbital (dumb-bell) “principal”
¢=2=>» d orbital (varied shape) “diffuse”
¢=3=>» f orbital (varied shape) “fundamental’”

Electron Orbitals
Shell Subshells Available
O (n) Available (2 + 1)
1 s 1
2 s 1
» 3
3 i 1
» 3
s p d ‘ 5
4 s 1
» 3
d 5
Max # electrons per ¢=4¢ +2 7 7
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Magnetic Quantum Number (m,)
Valueof -¢<m;<¢
Represents spatial orientation (with respect to external field)
Corresponds to probability of finding electron

Each orbital (¢) has separate (magnetic) quantum number (s)
F z |
AR
s ¥
» x | A Py b,
e
% o, g oo i 2 Q , f

Q‘) . ‘ ) &(:“2
2 d Qb °

CT R

#
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Planets Travel in Orbits
Electrons Occupy Orbitals

-

LPT

Pauli Exclusion Principle

Based on observation of spectral lines (energy)

ach p orbital can have max 2 electrons
omposite (each shell, n) has

B orbitals x 2 electrons = 6 electrons
orbital
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Spin Quantum Number (m,)
Value of either + Y2 or -2 (for maximum 2 electrons/ orbital)

NOT spin around axis (electron a particle-wave, not particle)

Hund’s Rule

Based on observations of spectral energy
Each orbital gets one electron before accepting a second
Orbitals will fill with maximum number of unpaired electrons

For P Orbitals

-L -L -L Like people on a bus:
Never No one wants

t 1 _u L to sit next to another
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Orbital Occupancy
Since each orbital can have 2 electrons, the maximum occupancy:

s orbital one, spherical =2
p orbital three, dumb-bell =6
S d orbital five, varied shape =10 1s
2 spaces_ f orbital seven, Yaried shape =14 2 spaces
d — p
10 spaces B C N O F N 6 spaces
Al ll PH , O Ar
Se, T, V, 00, Mo Fa,Co M Ca I Gy ",,",,"
f
14 spaces
Copyrigh Lary P Taylor, PAD. Al Rights Reservd LPT

Orbital Filling
Period Orbitals

103 » 8 1 s
4
IE. NEVEL I
2| 2 2 3 S, pad
4 s,p,d, f
3| 3 f 3p
» i ~
B4 4 3d 4 {2
5| 55 4 ) Y N
6 6 la sd GP‘ & &
L g
7| s |Ac 6d Y A
effofefc
i Lanthanide B — —
series (:55:] @j (6
sf Actinide i 4
series (s) (70)
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Available Orbitals

level 1 Q - Period Orbitals
1 s
level z 2 S, p
25 2p ’

U@ 8‘ 3 s, p,d
|eve|3 ¢3s 8_39 %3’__‘ 4 s, p,d, f
level 4 not occupied by any

Q 4s 49 % 4d @4:‘ gro;nd—state electrons

el 5 < ¢5$ gE\p @su @5: 59
level 8
¢
Qes %Gp @eu 6 6g &h
level 7 Q?s 8_79 7d 7t 7g 7h 7i
S v
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" eeeee inci
. s Aufbau Principle
i eee— German for “construction” or build-up
- “ g9@e®| Termed coined by Niels Bohr in 1920
ey | —@GSS888—  Electron Configurations constructed by
Sl progressively adding electrons
99 p
0088 o mmmam SEEEEES
900009 — 8 m . “ [ [
g
3 [ [ |
" SOe = | Note: the energies of the
o = RS
|SE|
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The Orbital Energies Overlap
Explains Transition Metal Valence Variability

7
= 6
— 4
| 2
B LPT

Electron Energy Diagram

Energy Levels of the Electrons about their Nuclei

- .
= “ Energies
® .," 90800 cOO0O00

[gooow‘ Large Between n’s

5 Small Between ¢’s
| = 900 Small Differences
: Allow Multiple Configurations
: ,_“.—‘ This Explains
tle Transition Element
Multiple Oxidation States
L
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Energy Levels of the Electrons about their Nuclei
&

s 5 4 Worksheet
; 0@ 50000 coonnan
@O@W‘ Start at lower level

: o . Add electrons

2 l?; 00000 Until correct # reached
f . 2 electrons per orbital
> ; This corresponds to

: Periodic Table

: 2:0“—‘ Arrangement of Elements
2

1s

o
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Worksheet - Examples

For Nitrogen (Z=7) For Neon (Z=10)
1s22s2 2p3 1s? 25 2pS
Energy Lovels of the Electrons about their Nuclei Energy Lovels of the Electrons about their Nucli
« «

P ©0%uc0o Q000000 P ©0%uooo Q000000
55 = ag 55 2 ag

> Highenergy
> Highenergy

Low energy -

0

Low energy

P T —
3’3:.;.—‘
@m—‘
o \
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Electron Configuration Nomenclature
Shows sub-shell (orbital) distribution of electrons

# of electrons in orbital
Energy Level (n) N -
3s

Orbital type

Use Periodic Table to list electrons
List electron configuration in order of atomic number
Start with H (Z=1)
Continue adding electrons until desired element is reached

B

ke

FTl e e e e
2 1w [ [ [ e
3 s e |s lafa
TEEEEEEEEE LR

o lv lor [ [ee Jco [ [cu |on |n [Go [he oo |ov [r

s block dblock p block
dsorbial filing ok filing p orbitalsfiling

T — LPT
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Aufbau Principle - Examples

1 H 1s!

2 He 1s?=[He] 20 Ca [Ar]4s?

3 Li [He]2s! 21 Sc [Ar] 4s2 3d!

4 Be [He]2s? 22 Ti [Ar] 4s23d?

5 B [He]2s?2p' 23 V  [Ar] 4s23d3

6 C [He]2s22p? 24 Cr [Ar] 4s! 3d5*

7 N [He]2s22p3 25 Mn [Ar] 4s? 3d°

8 O [He]2s22p* 26 Fe [Ar]4s23dS

9 F [He] 25* 2p° 27 Co [Ar] 4s23d’

10 Ne [He] 2s? 2p¢ = [Ne] 28 Ni [Ar] 4s23d8

11 Na [Ne] 3s! 29 Cu [Ar] 4s! 3d!0*
12 Mg [Ne] 3s 30 Zn [Ar] 4s?3d"

13 Al [Ne] 3s2 3p! 31 Ga [Ar] 4s?3d" 4p!
14 Si  [Ne] 3s2 3p? 32 Ge [Ar] 4s23d" 4p?
15 P [Ne] 3s?3p? 33 As [Ar] 4s23d" 4p?
16 S [Ne] 3s?3p* 34 Se [Ar] 4s23d!° 4p*
17 C1  [Ne] 352 3p° 35 Br [Ar] 4s? 3d'° 4p5

18 Ar [Ne] 3s2 3pS = [Ar] 36 Kr [Ar] 4s23d! 4p®
19 K [Ar] 4s!
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* Exceptions to Aufbau LPT

Aufbau Exceptions

Full or exactly half-filled sub-orbitals energetically favorable
Creates 3d-4s exceptions to Aufbau

Cr (Z=24) should have [Ar]4s?3d* S S R
_T 4s

But, half-filled stability over-rides: T T T 1 T

[Arl4s'3ds - —— =3

4s

I~

Cu (Z = 29) also promotes a 4s electron to completely fill the 3d

Copyig Ly P.Talr, P, Al Rights Rsered LPT

Electron Pairing Affects Magnetic Properties
Paramagnetic elements
Unpaired electrons attracted to magnetic fields
Diamagnetic elements
Paired electrons slightly repelled by magnetic fields

Ferromagnetic
Elements having very high magnetic properties

DFerromagnetic [ Aniferromagnetic

[5] CFammagnetic DDamagnetic  [ZTEToT o TT Magnitude affected by:
sl s elar i

N EN E S A R Magnetic field strength

<h P |Ag| G | Sn S e T |1e Temperature
o] i |t [AulHa i [Pl BilPo| At e

E
e

[CelPr] N [Prfgim] ] Gel To [y Vo] Ex e vh | ]

T — LPT
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Periodic Table — Summary of Families

Periodicity (Columns) a Function of Similar Outer Shell

Group 1A (1):  alkali metals

Group 2A (2):  alkaline earth metals

Group 7A (17): halogens

Group 8A (18): noble (inert) gases

Representative (1-2; 13-18): The A Groups (the Edges)
Transition Metals (3-12): The B Groups (the Center)
Metalloids: “Staircase” B,Si, Ge, As, Sh, Te, Po

Periodic Table

of the Elements Lanthanides = upper, of lower rows
i T Actinides = lower, of lower row

Predicted Chemical Properties
Elements in the same column are similar
Elements in different columns are different
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Valence electrons

Highest energy level (Outer-most shell)

Representative elements involve s or p orbitals

Maximum number for s + p orbitals = eight (the “octet’)
Periodic Table columns (Families) = same # valence electrons
Valence electrons determine chemical properties

Family Outer Shell
GrouplA ns!
Group 2A ns?
Group 3A nsZnp!
Group 4A ns?np?
Group 5A ns?np?
'l Group 6A ns?np*
Group 7A nsZnp®
Group 8A ns?np®
Copyrigh Lary P Taor,PhD. AT Rihts Resrwed LPT
Isoelectronic Atoms

Monatomic Ions With Noble Gas Electron Configurations
Isoelectronic = identical electron configuration
Atoms form ions to obtain a noble gas electron configuration

Na  1s22s22p63s!
Na+  1s22s22p®
Ne  1s%2s22pf ol

-
Isoelectronic :mw
i
e

(0] 1s22s22p*
0% 1s22s22p¢ :
Ne  1s22s22pf

Atoms gain or lose electrons
To acquire a noble configuration

Copyeight Lty P Tayr, Ph.D._ Al Righs Reseed LPT
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Isoelectronic Atoms

Any pair of atoms with the same electronic configuration is isoelectronic

Ne, F-, O* are isoelectronic
Ar, CI, S* are isoelectronic

Mg?+, Na+, Ne are isoelectronic ‘|
Ca?,K*,Ar are isoelectronic

QUANTUM HECHANICS
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o
H

He

- LiBe -
+ B CN

= O F Ne Na
+ Mg Al Si P S
I

Cl Ar K Ca Sc Ti
V Cr Mn Fe Co Ni

I
% Gu Zn Ga Ge As Se Br
H Kr Bb St Y Zr Nb Mo

T ma R4 Ag oS
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Bottom Line:

Knowledge of the Periodic Table

Allows You To
See All Sorts of

Chemical Relationships

LPT
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