Unit 3 (Electron Cloud)

The Electron Cloud

Quantum Mechanics

1926 Heisenberg German Physicist
Schrédinger  Austrian Physicist

Electrons exist in ORBITALS,

a 3-D space around

the nucleus.

Electrons occupied a

general region based
onenergy. x
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Quantum Mechanics

1913 Niels Bohr Danish Physicist
Theorized that electrons
circle the nucleus only
in allowed fixed paths
(orhits).

Each orbit had a
specificamount of energy

@ electron
@ proton
@ neutron

Carbon atom

Quantum Numbers

Learning Target 1
Use Quantum Numbers to locate electrons within orbitals

Quantum Numbers (Orbitals)

Principle Quantum Number (n)

It’s all about...

EN ERGY and
ELECTRON REPULSION

92% Accurate...
-9 @@=

Distance from the Nucleus.
(ENERGY LEVEL or SHELL)

Bohr Model helps illustrate

N — Close to the Nucleus
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Orbital Quantum Number (
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Orbital Shapes ()

Shape of the Orbital

(ENERGY SUBLEVEL or SUBSHELL)

Orbital Shape

(s) “Sphere” Low Energy

(p) “Peanut”

(d) “Double Peanut”

(f) “Flower” High Energy

Shape P Dumb be! Double-dumb b mp
y y
y
Structure| X ‘$‘ X X y
S orbital z X
P Orbital d Orbital | torbita

LARGER orbitals can hold more electrons = More Energy

Magnetic Quantum Number (m,)

3-D LOCATION

(Referred toas ORI ENTATION)

et (S) One orientation
ki “, P) Three orientations
g
; 3 (d) Five orientations
| I
) Seven orientations
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THE spdf ORBITALS it

(An artistic rendition)
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“Tri-torus”
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Spin Quantum Number (m,)

Positive or Negative Spin

(Electrons spin to generate a magnetic field)

Neaative Snin

Positive Spin

Quantum Mechanics Review

Principle Quantum(n) Distance from Nucleus
n=1,2,3...7

Orbital Quantum(f) Orbital Shape

Magnetic Quantum(Im;) 3-D Location

Spin Quantum(Img) Torl Spin
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Basic Model of the Atom

Learning Target 1
Use Quantum Numbers to locate electrons within orbitals

Orbital Notation

Quantum Model of the Atom Quantum Mechanics Review

o 0 - Principle Quantum() Distance from Nucleus
n=1,2,3...7

e w— Orbital Quantum(f) Orbital Shape

» h ‘ Magnetic Quantum(Im;) 3-D Location
3 L .. “ .

Scanning Microscope

Spin Quantum(Im) Torl Spin
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How Many Electrons?

n=2 [] (LT}
25 P

-3 O (0T (TTTTT Each orientation can hold
35 ap a3d

n=4 EEEREEEEEEEEEEEEE TWOELECTRONS
%I » ad a Orbital Orientation 2 Electrons Max Total

n==5 [;Sl Usg—] LLLEEE—I—' ’—]—L%LI—'J (s) lorientation ~ @M@ - 2electrons
n=6 (p) 3orientations ~ ®)@¢) - Gelectrons
& M LG

(d) 5orientations ~ ®)@¢) = 10electrons

n=7 I% D;p]j 0) 7orientations @) = 14electrons




Quantum Numbers

Principle (n) Orbital (1) Magnetic () Orbital Total
| _Electrons Electrons
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Orbital
Fill Chart

Configuration Rules

Auf Principl

Electrons must fill up LOWEST energy first.
Hund’s Rule

Each orientation must have one electron before
electrons can be paired up.

Pauli Exclusion Principle

Paired electrons must have opposite spins.
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Magnesium Orbital Notation Phosphorous Orbital Notation
s s
12 | 222 15 | 222
s 3973 S 3973
Mg | = P | =
& | 5 i 5
Magnesium gE 5 Phosphorous 25 8
24.31 : S 30.97 : s
¥ ¥

Orbital Notation HOMEWORK

Orbital Notation HOMEWORIK

1. Bel'ylllum Be Aufbau Principle
LOWEST energy first.

Hund’s Rule

One electron before
2. CarbOn C pairedup.

Pauli Exclusion

Principle
3. Argon Ar Pairedelectronshave
opposite spins.

gor @ S Or S B oD @ o s —

Representing Flectron Confliguration

Electron Configuration Notation [ECN]

Learning Target 2

Targe R ] a. eliminates and T
Use configuration notation to illustrate the electron cloud —
Configuration Notation b. Number of electrons in sublevels shown
) by superscripts on orbital quantum number
ettt

Ex Fluorine (F) = = =— =

1s22s2 2p°
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Electron Conficuration Notation

Write the Configuration Notations:
Learning Target 2 Use Electron Configurationsto
illustrate the electron cloud. 1. Carbon (C)

. ., 2. Magnesium (Mg)
How to use the Periodic Table to

3. Chlorine (C1)

write Electron Configurations

4. Potassium (K)

5. Bromine (Br)
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Q —

; ’/23/ AL - 3 1St 25T 2t 357 3p)

: S 3 Fe r 2he 158 25" 2p* 3¢ 3p" 457 [2d ]
] f4_3]
o As = 33e~ 1s® 2" 2p* 35" 3p* 45° %?,[3’4‘33.!
; * 2s® Zp* 357 3p" 45 ,
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Monday Nov 4 Bell Ringer
| 3¢ O R Write the CONFIGURATION NOTATION for each
45 3 4p ——|> of element using only the PERIODIC TABLE
55 Ad ) —>
6 | 5d > 1. Magnesium Mg
7 o ! 2. Sulfur S
Af >
5f 3. Titanium Ti
[E=1 Representative s-block [ Representative p-block 4. Selenium Se
elements elements
[ Transition metals [ FBlock metals 5. Gold Au

ELECTRON(IC)
ELECTRON(IC) BATTLESHIP
BBATTLESHIP

Attacking: CONFIGURATIONNOTATION

Mr. Hemmingsen calls “3 p4”

Responding: ELEMENT NAME
Johnny responds “Sul fur” with HIT or MISS.

M5 Block M d Block ) u
p Block M1 Block -

NolBea FAll 2077
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Electrons Review

Gen Chem Bell Ringer

Prepare Yourself! QUIZ
Quantum Numbers (n, I, m;, my)
Orbital Notation (arrows)
Configuration Notation (superscripts)

Orbital Fill Rules (Aufbau, Hund, Pauli)

R D B O S TR D0 E

Niels Bohr 7 T
Learning Target 3
Relate wavelength and frequency to the energy in an electron

, e n=2 \
/ / - N
Light Dua l it?. electrons moved around “f f'f / \X ‘.\ \:
thenucleus just like | | k@ P

howthe planetsorbit

S < hes
Theorizedthat the S P

around the sun. RN

Electrons Review

Electrons have energy to TN
i i - SN, =3
orbit the nucleus. 4 , - =2 N Learning Target 3
/ / - N Y Relate wavelength and frequency to the energy in an electron
! s m !
Il ] / ‘\ v -
e © . Light as a Wave
The more energy, VoY N
\ ‘\ /l / f’
. . \ 3, - ’ /
the higher the orbit. - -
N \'\ ’




Light as a WAVE
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Light as a WAVE

ELECTROMAGNETIC e
WAV ES M Am pl‘i tude
Energy that shows ¥

“wave-like” behavior
traveling through space.

Wavelength (1) SFAVAVATA
Frequency (v) /\/\/

Energy (E)

Electromagnetic Spectrum

THE ELECTRO MAGNETIC SPECTRUM
Wavelength
(metres)

Radio Microwave Infrared  Visible Ultraviolet X-Ray  Gamma Ray
I I I Il 1 I I
t 52 t T t T T
103 102 105 106 108 1010 10712
Frequency
(H2)

| e ]
104 108 1012 1015 1016 1018 1020
Low Energy l High Energy

Red Orange Yellow Green Blue Indigo Viol et

Learning Target 3
Relate wavelength and frequency to the energy in an electron

Light as a PARTICLE

Higher Frequency

= Higher Energy

Shorter Wavelength

Lower Frequency
= Lower Energy

Longer Wavelength

Adoht as a Wave Quiz

+
Which wave has the most
o
amount of energy?
+
@ o Write the relationship
between...
WAVELENGTH

FREQUENCY and

oo LI~ Everoy

Lizht as a Particle

T_ ! 2

| 4

1. Indirect lighting No light diffusion Good light diffusion
2. Direct lighting
3. Combination of direct and indiract lighting




Light as a PARTICLE
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MaxPlanck Quantum Theory

Lightalsoactslikea PARTICLE.

Objects gain or lose energy in small specific amounts.

Max Planck

Albert Einstein

Gained or Lost Energy by an atom. LIGHT energy given off.

Light as a PARTICLE

HEAT (Quantum)
Electronsgain ENERGY,
from adding HEAT.

EXCITED STATE:
Higher energy level.

Electrons jump levels.
GAIN Energy.

Light as a PARTICLE

\
I ! \
Lowest energy level. L i
1

Electronshave ENERGY,
while in orbit... N
R SN
L PEE
[ 7 n

I ]
. © ]
\ ;
Closest to the nucleus. Vo S
LN - y

Light as a PARTICLE

LIGHT (PHOTON)
Electron returnsto

Ground State.
GROUND STATE:
Energy is RELEASED.

Electrons back down.

Energy = Light!

pHet Simulation (Neon Lamp)

http://phet.colorado.edu/en/simulation/discharge-lamps

Spectroscopy

Energy is absorbed by electrons...
they become excited...

and then go backto their ground state...

1. Releasingwavelengthsthatarecharacteristic

for thatsubstance.

2. Asdistinctasfingerprints.

10


http://phet.colorado.edu/en/simulation/discharge-lamps
http://phet.colorado.edu/en/simulation/discharge-lamps
http://phet.colorado.edu/en/simulation/discharge-lamps
http://phet.colorado.edu/en/simulation/discharge-lamps

Intensity
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Wavelength

Light Duality

\éritasium — Light (Double Slit

Experiment
http://www.youtube com/watch?v=luv6hY6zsdd
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Spectroscopy

Spectrum of Gaseous Nebula

Hydrogen

Helium

Sodium

Neon

Wave vs. Particle

Double Slit Experiment

LI '. ® oL ..‘.::Q:_._
P * . [ 1 D (]
. : e %9
% e XY
o o 0 %o
. ° ()
particles
screen with optical optical sereen
two slts ~~ screen Ffrunt wiew)

Wave vs. Particle

Double Slit Experiment

Screen

i bright
B ok
bright
dark
bright
B o
bright
; ‘ dark

bright

11


http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
http://www.youtube.com/watch?v=Iuv6hY6zsd0
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Light Duality Gen Chem November 10

LIGHT 1S A PREPARE YOURSELF!
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Orbital
Fill Chart
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