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Electrons

Objectives Topic#S
New Atomic Model
1) Explain the mathematical relationship among speed, wavelength, and frequency of
electromagnetic radiation.
2) Discuss the dual wave-particle nature of light.
3) Discuss the significance of the photoelectric effect and line-emission spectrum of hydrogen
to the development of the atomic model.

4) Describe the Bohr model of the hydrogen atom. jnverse
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Electrons

Waves, Photons, and Energy Topic#S

¢ Light is electromagnetic radiation (EM)
m Exhibit wave-like behavior as it travels through space
¢ EM Spectrum
® all light from gamma ray to radio waves
m all forms have the same speed: 3.00x10%m/s = ¢
m characterized by a wavelength(4, lambda) and frequency(v, nu)
m cach form has a different frequency and wavelength
e Wavelength is the distance between two crest/troughs of a wave
® Measured in meters (m)
¢ Frequency 1s a measure of the number of items that pass a given
point over a specific time, for light it 1s cycles per second.
e Measured in 1/s or Hz (hertz)
e ¢ = /4 x v, what is the label for speed?
® highest £ and v, short 4 lowest E and v, long 4
(gamma ray/x-ray/UV/VIB G YOR/IR/microwave/T V/radio)
e Energy of a photon of light: £ = hv = hc/a
= Label for energy is joules (J)
® Planck's constant (4) = 6.626x1073* Jes
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Waves, Photons, and Energy Topic#S

|
Electromagnetic waves transport
energy through empty space, stored

in the propagating electric and k

magnetic fields. Wave on a String

I~ Electric

Magpnetic field

variation is

perpendicular ;

to electric field. Magnetic
field
variation

A single-frequency electromagnetic
wave exhibits a sinusoidal variation
of electric and magnetic fields in
space.
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Waves, Photons, and Energy Topic#S
- Energy increases
Short wavelength Long wavelength

1075 nm 103 nm 1nm 10°nm 105 nm im 10°m
1 1 | 1 1 | 1

Infrared Microwaves TV waves Radio waves
1 I I I I 1
102 Hz 10'9Hz 108 Hz 10°Hz 10*Hz 102Hz

Low frequency

Gamma rays X rays Ultraviolet
1 1 1 1 1
10%*Hz 10%2Hz  10°Hz 10"Hz 10" Hz

High frequency

Visible light

7 X 10"Hz 4% 10"Hz



Waves, Photons, and Energy

alpha particles (He nuclei)
heavy. unstable
cloment (o.g. Uranium)

@ beta panticle (electron)
@ neutren

Gamma ray production

Electrons

Topic#S

Heated filament
emits electrons by
thermionic emission

Electrons are accelerated
by a high voltage.

Copper rod for
heat dissipation

Glass envelope

x-rays produced when
high speed electrons
hit the metal target.

i

X-ray production
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Topic#S

Waves, Photons, and Energy

Radio Waves & Electromagnetic Fields

Microwaves




Electrons

Waves, Photons, and Ener

Electron Topic#d - Sample WS#1 - Waves and Ener

Topic#S ¢ =3.00x10%m/s

h=6.626x10Js

c=AXvVv
Eon = hv = hclA

1. Red light has a wavelength 675nm. What 1s the frequency and energy of this red light photon?
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(Ans: 4.44x10™ 1/s, 2.94x1077)
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Electrons

Waves, Photons, and Energy Topic#S c=AXV c=3.00x10%m/s
Eph =hv=hc/A h= 6.626x10*Jes

2. Green light has a frequency of 6.00x10'*Hz. What is the wavelength and energy of this green light photon?
(Ans:5.00x107n/3.98x10"°J
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Electrons

Waves, Photons, and Energy Topic#S c=AXV c=3.00x10%m/s
Eph =hv=hc/A h= 6.626x10*Jes

3. (OYO) What 1s the energy and frequency of a violet light photon with a wavelength of 434 nm?
(Ans: 4.58x10°J/6.91x10"Hz or (1/s))



Electrons

Waves, Photons, and Energy Topic#S c=AXV c=3.00x10%m/s
Eph =hv=hc/A h= 6.626x10*Jes

4. (OYO) What is the energy and wavelength of a orange light photon with a frequency of 4.95x1(**Hz?
(Ans: 3.28x101J/6.06x10""m)
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Photoelectric Effect Topic#S

¢ The photoelectric effect describes the collision between a photon and an
electron in a metal.
¢ [f the photon has ENOUGH energy, it will eject the electron from the
surface of the metal.
¢ At the moment of collision, the photon is considered a particle with no
mass.
¢ Every metal needs a photon of specific energy for the effect to ocurr.
¢ Max Planck proposed hot objects release light in the form of packets called
quanta.
® quantum of energy - minimum amount of energy that can be gained or
lost by an atom.
® Planck's constant, 6.626x103* J@s
® Photon - a particle of EM radiation with no mass and carrying a quantum
of E.
¢ Albert Einstein - light has a dual wave-particle nature. Used Planck's theory
to explain the photoelectric effect.
¢ Arthur Compton (American physist) conclusively proved the particle nature
of light when he demonstrated a photon hitting and moving an electron.
This 1s called the Compton effect.
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Photoelectric Effect Topic#S

Photoelectric Effect

E photon = hv

5
700 nm Viax = 6.22x10° m/fs
177V 550 nm

5
v =2.96x10" m/s
2.25 eV e
/ 400 nm
’e 3.1eV ‘e
no I’ l'
electrons Fid P
, ¢

Potassium - 2.0 eV needed to eject electron

Photoelectric effect —
KE = 1/2mv? . —— ==
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¥ Control photon number instead ofintensity

[ Show aniy hignest energy electrons
Graphs
] Currentvs batery voltage
| Currentys light intensity
7] Electron energy vs light frequency
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Topic#S

Bohr Model of Atom
® The hydrogen atom line emission spectrum 1s made from the excitation of the hydrogen atom
¢ Gaseous H 1s 1 its ground state, but when energy is added it becomes excited (excited state).
e Electrons in the excited state must release energy to move back to their ground state.

- the energy released is m the form of a photon of a specific energy.
¢ Using a prism, the photons are separated mto individual colors of light (line-emission spectrum).

¢ Each pure substance has a unique, identifying line-emission spectrum.
e White light produces a continuous spectrum (rambow means happy!).

Slits e
e
Cloud of hot, N [ i
transparent gas ~ SIit Prism Prism
emitting certain colours
‘ S emission spectru

Blue  Blue
_ | Violet violet green Red

Gas discharge
tube containing
hydrogen

410.0 nm
434.0nm
486.1 nm
656.2 nm

Hydrogen Spectrum
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Bohr Model of Atom Topic#S

Niels Bohr

¢ Linked the electrons m hydrogen to photon emission.

¢ Electrons were quantized (had specific energies) which
means they could only exist in certain orbits around the
nucleus.

® [Labeled each orbit (energy level) by a quantum number
(n). Lowest (ground state) » = 1, orbit closest to the
nucleus.

¢ When a quantum of energy equivalent to the change
energy between energy levels is absorbed the electron
"Jjumps" to a higher energy level (n=2,3,4,5,6,0r7)
where it is considered to be in an excited state (larger
orbits further away from the nucleus).

® When the electron falls to a lower energy level a photon
equivalent m energy is emitted.

® Only worked for hydrogen not for any other atom.

® Bohr used this model and Planck's equation to calculate
the frequencies observed in the lines spectrum of
hydrogen.
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Bohr Model of Atom
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Lyman series
{ultraviolet)

Balmer series
(visible)

Paschen scries
{infrared)
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Line Emission Spectrum Topic#S . . L.
Absorption vs. Line Emission Spectrum
n=7 m with
|'|=G o ol JHIII|IH Emi .
n=5
n=4 l h 4
l Brackett Series
wyv E(n) to E(n=4)
n=3
Paschen Series
l‘wv E{n) to E(n=3)
n=2
Balmer Series
E(n) to E(n=2)
-
Light source
n-y] —YYYYYY Continuous spectrum
:mt Is;(::) Excited Ground
state state
E5 6 410 nm 2
Es— g Hedinme o g g g 8 8
E4 4 486 0m Hydrogen Emission spectrum
E3 . 3 M 2
4 2 2 &8 2 8 8 2
Hydrogen Absorption spectrum
E, YYYy .,
Energy Energy Energy level
absorbed emitted

600
650
650
750
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Line Emission Spectrum Topic#S

Laser - Light Amplification by Stimulated Emission of Radiation
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Line Emission Spectrum Topic#S
Ar, Argon
c=3.00x10% m/s h=6.626x107Ts
] 1
400 750 300 330 500 650 700
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Topic#S
H, Hydrogen

He, Helium

Wavelength

400 nm 450 nm 500 nm 550 nm BO0 nm B50 nm 700 nm

Bright Line Spectra of Helium and Neon
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N, - Nitrogen

Ne - Neon



Electrons

Objectives Topic#S

Quantum Model of Atom

1) Discuss Louis de Broglie's role in the development of the quantum model of the atom.

2) Compare and contrast the Bohr model and the quantum model of the atom.

3) Explain how the Heisenberg uncertainty principle and the Schrodinger wave equation led to
the idea of atomic orbitals.

4) List the four quantum number and describe their significance.

5) Relate the number of sublevels corresponding to each of an atom's main energy levels, the
number of orbitals per sublevel, and the number of orbitals per maim energy level.



The Electron

Quantum Model Topic#S
e Electrons as waves
- Photoelectric effect and hydrogen line-emission spectrum - light both a particle and wave.
- Louis de Broglie - electrons like waves (matter waves) mm Bohr's quantized orbits. Electrons
were waves confined to a space and had certain frequencies. Quantization of energy.
- Electrons diffract (bend) (use wave nature of electrons for electron microscopes)
- All moving objects have wavelike behavior. The larger the object, the smaller the
wavelength
- 50 gram golf ball has a wavelength of 3x10-*m (too small to measure)
® The Heisenberg Uncertainty Principle
- Detection involved photons. Photons MOVED electrons
- Uncertainty i trying to locate an electron.

- Primciple: Impossible to determine simultaneously the position/velocity of an electron
(particle)



The Electron

Quantum Model Topic#S
® The Schrodinger Wave Equation (Erwin Schrodinger)

- Developed an equation to quantify the electrons as waves
- Only waves of specific energies (frequencies) satisfied the equation
- Regions called orbitals (90% probability of finding electron in orbital)
- Along with the Uncertainty Principle, the wave equation led to the Quantum theory
- Quantum theory of the atom - mathematically describes wave properties of electrons (particles
- Electron Cloud - 90% probability of finding electron within this region

This wave fits perfectly This wave, however,
on the circle doubles over on itself
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Quantum Model
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Topic#S

Orbitals and Probability
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The Electron

Quantum Model Topic#S

The diffraction pattern on the left was made by a beam of x rays passing through
thin aluminum foil. The diffraction pattern on the right was made by a beam of
electrons passing through the same foil.

Diffraction pattern Diffraction pattern
of a beam of x-rays of a beam of
passing through Al electrons passing

foil. through Al foil.



The Electron

Quantum Numbers Topic#S ns 2aypes 01i4als
n =4 Hoforbials

* number of orbitals per energy level, ¥ 20 = _
¢ when n = 2 then #? = 22 = 4 orbitals in ¥0%€
the second energy level
X when n = 2 there are 2 types of
sublevels (s and p) containing 4 orbitals (one

- specity the properties of atomic orbitals and the
properties of the electrons in orbital Nz =
¢ Principal Quantum Number () e
% - )
- main energy level occupied by electron
- values: 1-7 (n = 1: ground state (g.5)) ==  — =— —
- as n increases, distance from electron to

HuleUS inlorcses (G ) Le- from the s type sublevel and three from p type
orbital).
¢ Angular momentum quantum number (/) n=12 = number of electrons per energy level is 2n°.
= the shape of the Orbital. (sublevels) g l P +d N 2 +ype(Sub-shel) # e’
= types of sublevels (orbitals): s, p, d,and f 23" 7 ) o s —'
= number of orbital shapes possible is equal to » o 2
. 2 - <, P
n =1, one type of orbital (s) - 212 ) d ¥
n =2, two types of orbitals (sand p) = — — — = ) ) 3)P ’ 13

n =3, three types of orbitals (s, p, and d) G grbisd o.1.2 S Ji 2%
n =4, four types of orbital (s, p, d, and f) p*=3%9 UEE J Py / ¢
= values for /are 0, 1, 2, and 3 85 0,,2,3 sSp J 32
s 1y s J J ’
[ = 0: s type orbital (1 orbital) 1% ek d : g
[ = 1: p type orbital (3 orbitals)
[ =2: dtype orbital (5 orbitals)
[ = 3: f type orbital (7 orbitals)



The Electron
Quantum Numbers Topic#S 0 0
1,0,0, +% 5 I¥ 9,9,

¢ magnetic quantum number (77;)

sorientation of orbital around nucleus "V ") "y, Ms
- number of orbitals (each holds 2 electrons) in a type P -1 0 0
CS) n/=0->m= 0: s type with 1 orbital
(P vl=1->m= -1,0,1;  p type with 3 orbitals c‘ _— — g
@y =/=2->m= -2,-1,0,1.2; dtype with 5 orbitals < B B R
(§) =1=3->m=-3,-2-1,0,12,3; f type with 7orbitals £ _— — — — — — =
e spin quantum number (#71;) -3 2 -l 0+ ¥ D
*+ (+1/2) clockwise spin and (-1/2)counterclockwise spin +1/21 LI/Z

+ only two values and an orbital has no more than 2 electrons
+ creates opposite magnetic fields, so an attraction exists between the two electrons in the orbital.

Otherwise electrostatic repulsion would never allow the electrons to be in the same orbital.

n-2 Lo S n Ly, ms 1k

s,P (s 17 electer: 1,0, gn A S
1.51 2™ glelachvon: y 0) ) R 1
25" 37 clectron: 1,0,0, % 25

SYNIREN o7
ay-l-,.l—»‘. c!.uﬂra.m. s )3 -
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Quantum Numbers Topic#S

5 i . '
1. How many subshells (types of orbitals) are in shell two‘? N=2 , 2 subshalls (‘-‘-, f\
How many orbitals can shell two have? n® = 2. s Horbrkals
How many electrons can shell two have? 29*> 2£2)"¢ & elections
2 How many subshells (types of orbitals) are in shell ﬁve‘? n=95, 5 subshe ns (s .4, d 3 £
“How many orbitals can shell five have? p* = %224, .-l..+..l,- (V+ 3465+ )[ é o rba rals
¥ How many electrons can shell five have? 202 2(8)% 40 clectrons
TWhen N 4,5, L 0r 7 numbar ( 32 dec"(ms)

of sublevels ;5 9 [Slﬁ d)-t-'\

and clectrons is 32.
e 13 14 s b

1 - 3 % € 4 7 % 9 io »
S e 4 5
2e” be- j6e” 149¢”
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Quantum Numbers Topic#5

z
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Different Orbital Shapes
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Quantum Numbers Topic#S
Principal Energy | Number of Orbitals Present | Total Number of | Maximum Number
Level (n) s p d f Orbitals (n) of Electrons (2112)
2
1 1 . 5 = 1 2
2 1 3 - - 4 8
3 1 & & = 9 '8
4 1 3 5 7 16 =




The Electron

Electron Configuration/Orbital Diagrams Topic#S

Electron configuration - an arrangement of electrons in an atom.
Orbital diagram - a graphical representation of the electrons in an atom obeying the rules governing placement
of electrons.

Rules
(1) Aufbau Principle - an electron must occupy the lowest energy orbital that can recieve it.

1522s22p®3s523p°4s23d!1%4p°®5s24d195pCes24£145d06p°7s25 146410

(2) Pauli Exclusion Principle - no two electrons in the same atom can have the same set of four quantum
numbers (shothand: only two electrons per orbital with opposite spins.)

(3) Hund's Rule - orbitals of equal energy are each occupied by one electron before any orbital is occupied
by a second electron, and all electrons in singly occupied orbitals must have the same spin state.
(shorthand: in p, d.and f type orbitals, each orbital must have one electron in it before a second electron

can be placed there.)
N

2p 3s 3p

-
—
—

]
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Electron Configuration/Orbital Diagrams Topic#S

1s%25°2p°3s*3p®4s23d1%4p°55%4d15p°6s?4£1*5d%6p®7s2 5t 1464

I
ez @2

/) Energy-Level ©
Diagrams

S/ 2
» Figure 1: Energy-

s 3: / 3p / 3 level diagrams

/, , / 2? show the relative .-
—/45,/4p s a8 a8 - energies of
r.///,’/,’ i electrons in

= ’ / ’ various orbitals

(*1

(1]

or

7 v - under normal
s s ’ conditions (each
h/ , /6 -
6s " 6p, orbital can hold a
e ’ maximum of 2 e")
ey v 7p
7
P 4

5d
90000

e0d00

3d
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Electron Configuration/Orbital Diagrams Topic#5
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The Electron

Electron Configuration/Orbital Diagrams Topic#S

Electronic Configuration — Aufbau Diagrams

Task: To show how the electronic configuration of an element can be represented in a graphical form. Complete an
Aufbau Digram for an element from each of period 2, 3, 4 and 5.

Info: There are three principles which govern the filling of orbitals by electrons:
1) Aufbau Principle: Electrons enter orbitals of lowest energy first.
2) Pauli’s exclusion principle: An atomic orbital contains a maximum of two electrons.
3) Hund’s Rule: When electrons occupy orbitals of equal energy, one electron enters each orbital until all
the orbitals contain one electron with spins parallel.

A Electrons are represented by arrows in the boxes: 1 L

Dysmjp (T8 (T 5
b TP COTTIM (o 4
55253359 CTTTT4

=<0 CIGHOS0 RQE=-nROHOD




Electron Configuration/Orbital Diagrams

The Electron
Topic#S

Sample Problems WS#2 - Electron Configuration/Orbital Diagram:

3 e Z2-

electron config:

b)Mgz=_

electron config:

©S Z=

electron config:

@cr z=

Is 2s 2p
# of unpaired ¢ :
Is 2s 2p 3s
# of unpaired ¢ :
Is 2s 2p 3s 3p
# of unpaired e :
liss: s 2p 3s 3p 4s 3d

electron config:

# of unpaired e :



The Electron

Electron Configuration/Orbital Diagrams Topic#S
(e) TazZ=_
Is 2s 2p 3s 3p 4s 3d
4p Ss 4d Sp 6s
Af >d
electron config: # of unpaired e :
O Sm Zz=_
Is 2s 2p 3s 3p 4s 3d
4p Ss 4d S5p 6s
Af >d

electron config:

# of unpaired ¢ :

4. What element has the electron configuration:

a. 1s22s?2p%3s?3p4s?3d1%4p?

b. 1s22s?2p°3s?3p®4s?3d1°4pS5524d195pS6s2411%9



The Electron

s,p.d. and f-block Periodic Table Activity Topic#S
1) Select 4 colors and create a key with those four colors
a) 1 color: s-block b) 21 color: p-block ¢) 3" color: d-block d) 4® color: f-block
2) Number the columns (groups) 1-18 and the rows (energy levels) 1-7.
3) Color columns 1-2 the s-block color. Color columns 3-12 the d-block color. Color columns 13-18
the p-block color.
4) Color the lanthanide and actinide series the f~block color.
5) Put [He] to the left of Li, [Ne] to the left of Na, [Ar] to the left of K, put [Kr] to the left of Rb,
[Xe] to the left of Cs, and [Rn] to the left of Fr.
6) Create a key for the Noble gas electron configurations listed below:
[He] = 152 [Kr] = 15?25?2p°3s23p°®4s?3d' *4p°
[Ne] = 1s%2s22p* [Xe] = 1s22s22p°3s23p°4s23d1°4p°Ss24d1®5pe
[Ar] = 15*2s*2p53s23p° [Rn] = 15s*2s*2p*3s23p°4s?3d'°4p®5s24d''5p°6s*41'45d' 6p®
7) Element boxes: puta 1 in H/He, 2 in Li/B, 3 in Na/Sc/Al, 4 in K/'Y/Ga/Ce, 5 in Rb/La/In/Th, 6 in
Cs/Ac/Tl, and 7 in Fr. Circle all of the numbers you just put in the element boxes.
8) Put a 1 above H, 2 above Be, 3 above B, 4 above C, § above N, 6 above O, 7 above F, 2 above
He, and an 8 to the right with an arrow towards Ne.
9) These are the valence electrons (outer s and p electrons) for the groups under the numbers. So, B has a
valence of 3 and Ne 8.
10) The elements in the s-block and p-block are called main-group or representative elements.
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Electron Configuration/Orbital Diagrams Topic#5S
[Ne] = 1s%2s2p®
[Ar] = 1s?2s?2p®3s23p®
[Kr] = 15225?2p®3523p®4s23d!%4p°
[Xe] = 1s%2s22p®3s23pS4s23d'%4p°®5s24d!'5pS
[Rn] = 1s22s"'Z[)63s23p64sz3d1']4[)65524dl["5p“iﬁszélfl"Sdl']ﬁp6
5. Draw the electron configuration, orbital diagram, Noble gas electron configuration, and valence electrons:
a. Ca e. Pb

b.P

c.Co

d.Pd
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Electron Configuration/Orbital Diagrams Topic#5
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Topic#S

Line Emission

(Use in periodic table)

Na - 1s?2s72p©3s’
Valence Electrons - outer s and p electrons
Valence Electrons:

How many electrons would this atom need to gam/lose to become an 10n?
Calculation for charge:

What is the charge and symbol for the 1on?
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Topic#S

Line Emission
(Use in periodic table)

Sample Problem 4.6 — Valence Electrons and Electron Dot Diagram

Determine the valence electrons and show the electron diagram of each of the following elements.

Val Electrons € Dot Val Electrons € Dot Val Electrons e Dot
(1) Na (5)Ra (8) Si
(2) Cs (6) Rn (9) Cl
(3) Mg Mo (109)C

(4) Al




