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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

LIGHT 15 A

WhUe |

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

\‘\4’/ Should be single point

(a) The problem (b) The solution

Focal point

Focal point \
| . for both colors

| - for blue light

‘ / Particles vs waves:
Focal poin .
for redplightt lefe rent math

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

Wave = repeating oscillation

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

wavelength

f——]

Crest Crest
§ ¢ = speed of light (in vacuum)
= 299,792,458 m/sec
(3 x 108 m/sec)

= 186,000 mi/sec

Trough Trough

=] ¢ from Latin celeritus “swiftness”

wavelength
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Electromagnetic Spectrum

Wavelength (nm)

) 1020
Frequency (Hz) |

Microwave

Type of radiation

Sun lamps Heat lamps Microwave ovens, UHF TV, FM radio, VHF TV AM radio
police radar, cellular
satellite stations telephones

400 nm

Wave energy & frequency are directly related.
FATaTawe

. N AVaVaVaVaVe
Wave energy & wavelength are inversely related | M
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= Wavelength

Gamma-rays

r:- Frequency (H2)

0
X-rays

Ultrawiolet

1
fi!

Microwaves

100 MHz ~ FM -~ 10 Cellular
1 '.’-j: 10 1.8GHz
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Visible Light

Only a small portion
Of
Electro-magnetic spectrum

Wavelength
(m) 7]

10"

INFRARED

VISIBLE ==

ULTRAVIOLET !
|




Properties of Light

Incident Reflected Eé" =

Ray Nomnal Reflection

\

Angle Angle
of of

Incidence = Reflection

Mirrors

Refraction

Bending

L_enses . -
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Properties of Light

// ’:

/.r ’

Interference —

Amplification
Cancellation
Diffraction
Prisms
Rainbows NA S y/
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Properties of Light

Two-Slit Experiment
Attempt to Measure Alters Results
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Properties of Light

Polarization

Light

SOLUrce

Unpalarized light

like the fence,
lenses of
polarized sunglasses
accept only vertical \

waves partially-polarized

light from pOlarized
natural

vertically-polarized
part of sunlight
allowed through
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Properties of Light
Photoelectric Effect — light creates current (electrons) flow

700 nm

=

1.77 e Il'u'll

400 nm
3.1eV

no

electrons

Potassium - 2.0 eV needed to ejact electron

Photoelectric effect

Einstein — Nobel Prize
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Properties of Light

Summary

Can be explammed m terms of  Can be explamed in terms of
waves. patticles.

Reflection /\/\/\/ \/
Refraction /\/\/\/ \/
Interference ,\/\/\/ \/

Phenomenon

Diffraction ,\/\/\/ \/

Polanzation

Photoelectric
effect
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Spectrum Experiment

Hot source emitting Slit Prism
continuous spectrum

———

N
=
b=
=

N

Cloud of hot, .
transparentgas  Slit
emitting certain colours
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Prism

Continuous spectrum

emission spectrum
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Emission Spectra: Measure of electron energy
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Hg++
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Emission Spectra

Determines Observed Colors
Of Lights & Flames

NERVETelol g

Aurora’s

Red: Oxygen
Blue Green Purple: Nitrogen

Pyrotechnics
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Emission Spectra

Determines Observed Colors Of lights & flames

THE COLOR OF A METEOR

DEPENDS ON ITS CHEMICAL COMPOSITION

\ Iron \ Sodium

Nitrogen/Oxygen Calcium Magnesium

00
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Emission Spectra: Indicators of Electron Energy

T T TR B . B [ e R R
4000 4500 5000 5500 6000 6500 7000 7500 A

i UL T e [ g e e
4000 4500 5000 5500 6000 6500 7000 7500 A

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
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Presence of Hydrogen and Oxygen Exciting
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CSDELATRA AE LUVRARPACCEMN

n=1

Electron States

v v 23
L.

Visible light

|

500

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

A stepping stone
To quantum theory

H,

EBEEEFEEEEPEEEEAEEEEE EEEATN A AR RAR AN K
4000 4500 5000 5500 6000 6500 7000 7500 A
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rau Heisenberg Uncertainty Principle

é-’}?ﬁp > g :

~

It 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,
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Modern Atomic Theory (Quantum Mechanics)
Wave-Particle Duality

Quantum Mechanics
Discrete, non-continuous values of energy
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Quantum Means “In Discrete Steps”

Quantized Process
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Continuous Process



Quantum Mechanics

Schrodinger (1925) Wave Eguation
HY=EY

Y2 gives probability of finding an electron in space
So, W2 plot defines an electron orbital

Selected W function (p orbital) ¥ Plot

Each electron: separate equation
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Quantum Mechanics

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

The Periodic Table can be explained using these numbers

atomic number

symbol

Copyright Larry P. Taylor, Ph.D. All Rights Reserved



Quantum Numbers

Name Symbol Meaning
Principle n Shell

Azimuthal ¢ Orbital Type
Magnetic m, Orbital Orientation

Spin m, Spin

[ The Orbitron gallery of atomic orbitals & '
@ 0.8 0
( .0 .3 ¢
Q. % 2 = %57 0.3 &

. ~ ®

© ¢ 3 S .0 0.2

Q.0 .2 & % % 0.2 ¢

O .0 3. 8. 0.2 &
o kST e et o
LI L
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Principle Quantum Number (n)
Valueofn=1,2,3, ...,

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?

27 1281 31|32
31 32 33 g 3
Ga |Ge | As
3 726 .9
49 50 51 52
n
AN D e | e 2
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Azimuthal Quantum Number (¢)

Represents Sub-Orbital Type
“Shal‘p”

“principal”
“diffuse”
“fundamental”

Electron
Shell Subshells
(n) Available

Max # electrons per¢=4¢ + 2

Copyright Larry P. Taylor, Ph.D. All Rights Reserved

Orbitals
Available

(2¢

+ 1)




Magnetic Quantum Number (m,)

Represents spatial orientation (with respect to external field)
Corresponds to probability of finding electron
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Planets Travel in Orbits
Electrons Occupy Orbitals
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Pauli Exclusion Principle

Based on observation of spectral lines (energy)
--—J’-A— Maximum 2 electrons per orbital
— No two electrons have same set of quantum numbers

-
. .~ [Each p orbital can have max 2 electrons

Composite (each shell, n) has

‘ The P sub level
| & ! /¥ 3orbitals x 2electrons = 6 electrons

"'}‘ orbital

The Pz orhital
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Spin Quantum Number (m,)
Value of either + %2 or — % (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
11 11 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, varied shape =14 2 spaces

10 spaces T B 6 spaces
“?‘ H?" 12 .I-‘u PI" s'II': CI' 18
“l"\l cEIZ'I sn.'] Ti'."!} “.‘.1 crl-l HI!‘ Fa}'- nu}" Hi:'.i n“.'hl mxl 1 L] ﬁs sn Br
Rbh Sr Y It Nb Mo Tc Ru R Pd Ag Cd Sll Tﬂ I
ar 38 39 4 4l 42 43 -4 45 45 47 a8 43 50
ﬁgﬂ Bzﬁ |.ll Hf Ta H Hl Bs Il' P‘lﬂ m'gq ng 1 Bl Fn At

ma‘umwmm

Lat:aPrlllleSmEuEﬂThDyHnEr ) f

M“H'hhhh“ﬂﬁfﬁﬂmh ?14Spaces
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Orbital Filling
Period Orbitals

%
i)
0
=
v
ol

Lanthanide
series

Actinide
series
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Avallable

level 1

level 2
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Orbitals

not cccupied by any
ground-state electrons
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Aufbau Principle

German for “construction” or build-up
Termed coined by Niels Bohr in 1920

Increasing
Energy

schematic)

. [ (]

6d | [ | | |

sal [ | [ [ JM [ [T T TT]

d | | | | |

J¥

Note: the energies of the
d and f levels vary with
their occupancy.

potential energy
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The Orbital Energies Overlap
Explains Transition Metal VValence Variability
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Electron Energy Diagram

Energy Levels of the Electrons about their Nuclei

= 9@ s « Energies
J
_- o'o'o—c 50

4p

ot0-ge:

-> Highenergy

Small Differences
Allow Multiple Configurations
This Explains
Transition Element
Multiple Oxidation States
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Energy Levels of the Electrons about their Nuclei

4f

,. 5d

_- o'o'o_c 50

4
g? 999 3d
3p
3s !!!

2p

- oée

1s

P
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Worksheet

Start at lower level

Add electrons
Until correct # reached

This corresponds to
Periodic Table
Arrangement of Elements



Worksheet - Examples
For Nitrogen (Z=7) For Neon (Z=10)

Energy Levels of the Electrons about their Nuclei Energy Levels of the Electrons about their Nuclei

—00( 00 —00( 00
0000 ooooooo 00000 OOOOOOO

4p 4p
CO000 CO000

R oo

=
o
[
Q
=
)
=
o
X
A
1

-> Highenergy

p

I—gim

Low energy --—--
Low energy
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Electron Configuration Nomenclature

Shows sub-shell (orbital) distribution of electrons

Energy Level (n)

\33

A Orbital type

Use Periodic Table to list electrons

Start with H (Z=1)
Continue adding electrons until desired element is reached

45 ortaital filling 3d ortxitals filling 4 ortsitals filling
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Aufbau Principle - Examples

1 H 1

2 He 1s2=[He] 20 Ca [Ar] 4s?

3 Li [Hel 2st 21 Sc  [Ar] 4s2 3d?

/1 Be '-He 2g2 22 Ti :Ar 452 302

5 B [Hel2s2 2p! 23 'V [Ar] 4s? 3d?

6 C [Hel?2s2 2p?2 24 Cr [Ar] 4st 3d>*

7 N :He: 252 2p3 25 Mn [Ar] 4 452 3d°

8 O :He: 252 2p4 26 Fe AI’: 452 3d°

9 F -:He' 252 2pS 27 Co [Ar] 4s? 3d’

10 Ne [He] 2s? 2p6 = [Ne] 28 Ni [Ar] 4s? 3d?®

11 Na [Nel 3s? 29 Cu [Ar] 4st 3d10*
12 Mg :Ne: 352 30 Zn :AI" 4s? 3d10

13 Al [Nel 3s2 3p! 31 Ga [Ar] 4s? 3d104pl
14 Si  [Nel 352 3p? 32 Ge [Ar] 4s?3d04p?
15 P [Ne] 3s2 3p? 33 As [Ar] 4s2 3d%0 4p?
16 'S :Ne 3s2 3p* 34 Se [Ar] 4s2 3d10 4p*
17 Cl  [Ne] 3s2 3ps 35 Br [Ar] 4s? 3d10 4p°
18 Ar [Ne] 3s2 3p6 = [Ar] 36 Kr [Ar] 4s? 3d104pb
19 K [Ar] 4st

* Exceptions to Aufbau
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Aufbau Exceptions

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

Cu (Z = 29) also promotes a 4s electron to completely fill the 3d
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Electron Pairing Affects Magnetic Properties

Paramagnetic elements

Diamagnetic elements

Ferromagnetic

Magnitude affected by:
Magnetic field strength
Temperature
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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, Sb, Te, Po

Periodic Table

A IVA VA VIA VIA He

of the Elements  [&]c[n]o[* ]

o [ [ = [

Lanthanides = upper, of lower rows
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

atomic humber

Family Outer Shell

GrouplA nst

Group 2A ns?

Group 3A ns2np?
Group 4A ns?np?
Group 5A ns2np?
Group 6A ns2np*
Group 7A ns2np°®

Group 8A ns2np®
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Isoelectronic Atoms

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

Element:
atomic num l:l er

Na  1s2s22p®3s!
Na*  1s22s%2p°
Ne  15%25°2p®

Isoelectronic [l '
O 1822322p4 =s 69 | 912 |929 959 9° 101 m° ws ws 112 31115 B1219 E;1322 128 |
0%  1s22522pb l 209
N[ 1522522p°

Atoms gain or lose electrons
To acquire a noble configuration

symbol
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Isoelectronic Atoms

Any pair of atoms with the same electronic configuration is isoelectronic

Ne, F-, O? are isoelectronic
Ar, Cl-, S? are isoelectronic

atomic number

symbol

Mg?*, Na*, Ne are isoelectronic ;
Ca’", K*, Ar are isoelectronic il B l

22 23 24 Zt 27 2 29 31 ;
Ti | V Fe [Co | Ni | Cu Zn Ga Ge As :
479 (508 549 r58 58.9 |58.7 |63.5 |654 |69.7 |726 [749 |7
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Bottom Line:
Knowledge of the Periodic Table
Allows You To
See All Sorts of
Chemical Relationships

N

He
L1 Be
B C N

O F Ne Na
Mg Al Si P S

Cl Ar K Ca Sc Ti

V Cr Mn Fe Co Ni

i |
Cu Zn Ga Ge As Se Br

Kr Rb Sr Y Zr Nb Mo

3
4
5
6
7
'-8
- 9
- 10
- 11
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