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Atoms

Our modern atomic model: /

e Small compact nucleus
containing protons & neutrons
* Mostly empty space

1 Anﬁstrom (100000

¢ volume ~ radii of electronic orbits

Electromagnetic Energy

Studying atoms and their interaction with energy (light)

Wavelength in meters

10" 10% 4x107 7x107 10*

Gamma Xrays Ultraviolet Infrared Microwaves Radio waves
rays ] e

Shortwave AM

4x107 5x107 6x107 7x107

Light Waves

. 1 second
e Velocity=v=c o
—

\VAVAVAVA

v, =4 cycles/second = 4 hertz

e Wavelength = A

e

VWY

v, =8 cycles/second = § hertz

e Frequency =v

Ry

v; = 16 cycles/second = 16 hertz

e The yellow light given off by the sodium vaporlamps
has a wavelength of 589 nm —What is the frequency?
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e The yellow light given off by the sodium vapor lamps
has a wavelength of 589 nm —What is the frequency?

C=2.9979 X 108 = v XA
v =CcA
=2.9979 X 10° [589 X 1079 Mg

=5.09 X 10% %

Light Waves

Lasers used in eye surgery produce radiation with a
frequency of 4.688 x 10% s* —what isthe wavelength?

Light Waves

Lasers used in eye surgery produce radiation with a
frequency of 4.688 x 10% s* —what isthe wavelength?

cC=VXA T

A=clv

=2.9979 X 108 m/s[4.688 x 10% s - Coid o

= 6.39x107mM =639 nm

Photons

Light acts like a wave AND aparticle
Max Planck:
Light is emitted in discrete
quantities (quanta) of energy
E=hxv

h=6.626 x103J%5= Pland’sconstant
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Photons

e What is the energy emitted by sodium vapor lamps if
V = 5.09 X 10% 517

Photons

e What is the energy emitted by sodium vaporlamps if v
=5.09 X 10% 517

E=hxv

=3.37x 10-19J

Hydrogen Spectrum

e Hydrogen gas subjected to high voltage

Detector
(photographic plate)

Slit Prism

High
voltage

410 nm 434 nm 486 nm 656 nm

Bohr Model ‘

e Electrons can inhabit only certain ‘

allowed orbits and radiation is

AE =-2.178 x 1018J}',_

Wavelength
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Quantum Mechanics

Orbitals

2py 2py

2p,

©ONCSSM 2003

e Probability map for electron location: o S orbitals
~_ 4 y
1s H

e Heisenberg Uncertainty principle 3

Impossible to know the momentum and location of an electron

simultaneously

3s
(©NCSSM 2003
Orbital Orbital

e P Orbitals e D orbitals
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Orbitals

e Forbitals

Electron Configurations

e # electrons = Z (atomic number)

for neutral atoms

3 — 3

; P

ety H 3s

o Aufbau Principle I o
- ; S e e

® Filllowest energy levels first b < 2s

Electron Configurations

e Filling order

[

Electron Configurations

e What is the electron configuration for phosphorus?

4f
4d

3d
4s

3s
2p

w2 —<7

Energy
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Electron Configurations

e What is the electron configuration for phosphorus?

Phosphorus Z =15 n

Energy
w
@

Electron Configurations

e What is the electron configuration for phosphorus?

4t

4d

Phosphorus Z =15 P op e i .

3d

4s

15°25% 2p° 35 3p3 ) R Severyee 3

E 3s

oo RN | e —<Ti
1s 2 2 3s 3 n=1 . 15

Electron Configurations

e What is the electron configuration for titanium?

Energy
w
@

Electron Configurations

® What is the electron configuration for titanium?

T o

NN
N 3

o
152 257 2p© 352 3p645s2 3d? e 2
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Electron Configurations

® What is the electron configuration for titanium?

—
NN

NN

3p

2p

Electron Configurations

e What are the electron configurations for sodium

(Z =11) and potassium (Z =19)?

4f
4d

n=4 ——

4p
3d
4s

3p
3s

-

m=fl — 15

Energy

Electron Configurations

e What are the electron configurations for sodium

(Z =11) and potassium (Z =19)?

Na: 1s? 25? 2p6 3s!

K: 152252 2p% 352 3p° 4s

Energy

4f
4d

4p
3d
45

3p

3s
2p
< 2s

e 1s

Periodic Table
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Electron Confi ti Periodic Tabl
All of the noble gases possess filled electron orbitals . Plectron Configuration nthe Prodic Tabe -
bl &
F‘_; HERRHEE
He: 152 N | vie als|els]d]n
B R e
N N . 152 252 2 A ’%‘__(: Se T A\ Cr | Mn| Fe | Co | Ni | Cu | Zn | Ga | Ge Al,_‘_‘Se Bi Kr
' ¢ & NEBERBRN RN HEPREE
‘ AE; o | e 5 JEIEE ]
ARGON - Ar: 1s2 252 2p6 352 3p° ih Tl [ o [ o[ o] e[ e
KRYPTON Kr: 152 252 2p5 352 3p64sz 3d104p6 E z I‘!“\; :;): lsu: ;::Jsml'cll: ;z: 10 | n | nz | s | s
Xe: 152 252 26 352 3pS 4s? 310 4p° £
XENON 4de 5p° . i
Val Elect Periodic P rti
Valence Electrons = Electrons in the Outemmost shell e |onization Energy: energy needed to remove electron
X eeeeenees > Xt +e
K: 152 252 2p® 352 3p® 4s'1 valence electron Group 1A 250011, s
3 Pariod 4 Period 5 Period 6
i o
£ F 2
Al: 1s? 257 2p° 352 3p’ 3 valence electrons Group 3A/13 B L . A N
< Ki ) o
H H
5 B’ N o £ m g
g o P "8
5 0, 5
Br: 15 257 2p® 352 3p6 4s* 3d° 4ps 7 valence electrons Group 7A/17 gy n/ 8 ‘\'_5 -
u Na
0 ==
1 18 36 54 86
Atomic Number Z
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Periodic Properties

Electron Affinity

Periodic Properties

Atomic Size
X + € -cmocmmemme >X .
(radius)

-400,
= I (II Br
S 300 H 5
2 .l | I il
= [
(3
5 ol |
8 o | |
A RS L AR N R

100 He NI MgArl Mn Zn Kr | Cd| Xe Hf __Hg Rn

0 10 20 30 40 50 60 70 80 90
Atomic number
lon Formati lon Formati

Na -----emeeee > Na* + e Na -----cmeeee > Na* + e

1522522p°3s? 1572572p° 15225%2p3s? 15%25%2p°
isoelectronic with Neon

[ > (d [ e > (d)

1522522 pf3523p* 1522522p°3523p® 15%25*2p©3573p* 15°25%2pf3523p°

isoelectronic with Argon
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lonic Bonding

e Electrons are transferred from ametal to anon-metal
e Held together by strong electrostatic force

e High Melting points

e Metal

Caz+ 2 Cl-

lonic Bonding

Non-metal bonds:

---—--> CaCl,

10



