Quantum Chemistry

Electron Configurations
&

The Periodic Table
Dr. Ron Rusay

Except where otherwise noted, content on this site is licensed under a Creative Commons Ausibution 4.0 International license.

ectromagnetic Radiation
(ENERGY: “Light”)

Energy that exhibits wave-like behavior that travels
through space at 186,000 mi/s; 3 x 106 m/s

8 Described by the Electromagnetic Spectrum.

“Electro-" from “electric”: something such as a light bulb,
automobile, or train operated by electricity, (electric charge
[electrons] moving in one direction).

“magnetic”: 1) exhibiting or relating to magnetism.
"the clock has a magnetic back to stick to the fridge"
2) of a bearing in navigation measured relative to magnetic north.

Regions of the
Electromagnetic Spectrum
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s Bridges physics and chemistry

8 Generally described as quantum
mechanics, aka quantum chemistry/
quantum physics

Quantum Theory
sed on experimental observations of
ight and patrticles (electromagnetism)
Developed through rigorous
mathematical computations

ectromagnetic Radiation
(“Light”)

Energy that exhibits wave-like behavior that travels
through space at 186,000 mi/s; 3 x 106 m/s

o Described by the Electromagnetic Spectrum.

Demonstrating Light’s
Wave Nature
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Frequency & Wave length
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Waves

http://chemistry.beloit.edu/BlueLight/waves/index .html

Focus on 2 of the primary characteristics:

s 1. Wavelength: distance between two
peaks in a wave.

s 2. Frequency: number of waves per second
that pass a given point in space.

8 3. Amplitude: the height of the wave.
s 4. Speed: speed of light is 2.9979 x 108 m/s.

QUESTION

https://en.wikipedia.org/wiki/Hertz

Which of the following frequencies corresponds

to light with the Iongest wavelength?
A.3.00x10"s” K
B.4.12x10°s™ " v
C.850x10s™
D.9.12x10%s™
E.3.20x 10°s™

Amplitude of a Wave

Higher

amplitude

(brighter)
Lower
amplitude
(dimmer)

Wavelength, A

Wavelength and frequency

v =C/A

8 v = frequency (s™) in st ()

1 second
Wavelength

s A = wavelength (m) il
8 ¢ = speed of light (m s') IS

Transfer of energy is quantized, and can
only occur in discrete units, called quanta.

8 AE = change in energy, in J

s h = Planck’s constant, 6.626 x 1034 J s
& v = frequency, in s

8 A = wavelength, in m

8 ¢ = speed of light




Planck’s Equation (Interactive)

hc
AE = hv = —
/ /
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http.//chemconnections.org/general/chem120/Flash/plancks_equation_s.htm/
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Emission and Absorption

tomic Spectrum of Hydrogen Spectra of Sodium Atoms

Continuous spectrum: Contains all the
wavelengths of light. 400 nm ium emission spectrum 750 nm
o Absorbtion vs.Emission

400 nm flum absorption spectrum 750 nm
s Line (discrete) spectrum: Contains only
some of the wavelengths of light.

Ultraviolet Visible Infrared
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Py
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s AE = Eﬁnalstate ~ Einitial state

The Bohr Model Explanation of the
Three Series of Spectral Lines
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http://chemconnections.org/general/chem120/Flash/atomic_absorption_s.html

Observations and
Theories from Classical
Theory to Quantum Theory
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is quantized; only certain vllnet allowed
Photoelectric effect === Einstein: Light has pur!lculahe behavior (photons)
Atomic line spectra === Bohr:  Energy of atoms is %l:‘lnﬂlw. pholon emitted when
electron changes orl
Since energy is wavelike perhaps matter is wavelike

Observation Theory

Davisson/Germer:  _ ge Broglie: All matter travels in waves: energy of atom is

electron dlmacﬂon

by metal crystal quantized due to wave motion of electrons

Since perhap rgy has mass

Oburvltlan Theory

e Einstein/de Broglie: Mass and el are equivalent:
mu‘mn‘"gmum particles Megwwslmgm nndm!om have momentum

ases) after
eollldlng with electron

https://www.youtube.com/watch ?v=4QIcKuxDGrs
Heisenberg Uncertainty Principle

The more accurately we know a particle’s position,
the less accurately we can know its momentum or
vice versa.

Quantum Entanglement/Superposition
Schrodinger’s Cat: Alive or Dead?
Can somethmg be in two places at the same time?

111, 111 E1E
Science, 272, 1132 (1996)




Quantum Numbers (QN) for Electrons
(Solutions for the Schrodinger Equation: HY =E¥)
Where: ¥ = Wave function

Principal QN (integern=1,2,3,...):
Jates to size and energy of the orbital.

8 2. Angular Momentum QN ( integer | or A)= 0 to
n - 1) : relates to shape of the orbital.

8 3. Magnetic QN (integerm joom;=+1to-1):
relates to orientation of the orbital in space
relative to other orbitals.

& 4. Electron Spin QN : (mg = +'/2, -1/2) : relates to
the spin state of the electron.

Quantum Numbers (QN) for Electrons
(Solutions for the Schrédinger Equation: HY =EY )
Where: W = Wave function

Principal ON (integern=1,2,3,...):
lates to size and enerqgy of the orbital.

0 2. Angular Momentum QN (integer | or 2)= 0 to
n - 1) : relates to shape of the orbital.

o 3. Magnetic QN (integerm joom ,=+1to-1):
relates to orientation of the orbital in space
relative to other orbitals.

o 4. Electron Spin QN : (mg = +/2, =1/2) : relates to
the spin state of the electron.

[ “ORBITAL"> ]

A Radial

Probability

Distribution

of Apples
Each electron has unique
orbital quantum numbers: - »

o
integern=1,2,3,...; § Electron”.
I=0ton-1 52 Probability = w2
O=s m=0 §.§ IWI2= ff (double integral of
- = - ES wave function W)

1=p m= +1,0,-1 2;

2=d m=+2+1,0,-1,-2
3=f m=+3+2.+1,0,-1,-2,-3

Distance from trunk

m,=+1to-1

The Hierarchy of Quantum Numbers for
Atomic Orbitals

integern=1,2,3,...; I=0ton-1 m,=+11to-1
Name,
Symbol Allowed
(Property) Values Q Numbers
Principal, n Positive integer 1 2 3
(size, energy) (1,2,3,...)
n=123,. IAEE A
Angular Oton-—1 0 0 1 0 1 2
momentum, /
S AN AN N
/=0ton-1)
netic, m, —1,..., () A +1 0 -10+4 (0 “10+1 -2-10+1+2
(orientatiop)
,=+11t0-1
I=0ton-1

QUESTION

If n =2, how many orbitals (m, values) are
possible?

A) 3 Quantum Numbers

B) 4 o 2

C)2 SN

D)8 < & 3

E)6 |1 A
0 0 10+

m

QUESTION

How many f orbitals have the value n = 3?

A)0

B) 3

C)5 . :
D)7 L
E)1 ! 1 2

1041 2104142

s P d




Answer

How many f orbitals have the value n = 3?

A)0

B) 3

C)5 n :
D)7 L Wy
E)1 ! 1 2

0
m 0 1041 -2-10+1+2

s P d

The Hierarchy of Quantum Numbers for
Atomic Orbitals

integern=1,2,3,...; [=0ton-1 m,=+11to-1

Name,
Symbol Allowed
(Property) Values Quantum Numbers
Principal, n  Positive integer 1 2 3
(size, energy) (1,2,3,...)
n=1,273,. IFANESAN
Angular Oton-—1 0 [ 1 0 1 2
momentum, /
e AN A AN
/=0ton-1)
Magnetic, m, —/,..., 0,.cm +1.0 0 -10+4 |0 10+ -2-10+1+2
(orientation)
m,= *Tto-1

I=0ton-1
0=s51=p,2=d,3=f

Question

How many f orbitals have the value n = 4?

A)0
B)3 - :
c)5 2 :
D7 e ’
E) 1
3 \J.l".‘\)‘\s._],. d
4 f

Answer

How many f orbitals have the value n = 4?

A)0
B)3 - :
c)5 . X :
D7 . e ’
E)1
o | g bl@iew |
4 f

Quantum Numbers : [, m,
Orbital Shape & Orientation
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http://chemconnections.org/general/chem120/atomic-orbitals/orbitals.htm!

Atomic Orbitals

€ 5 C A D wwordils com,

n and [ versus m

http://www.orbitals.com/orb/orbtable. htm




Periodic Table Classifications
ectron Configurations & Quantum Numbers

epresentative Elements (A Groups): s
=0) and p (I=1) (N, C, Al, Ne, F, O)
8 Transition Elements: d (I=2) orbitals (Fe,
Co, Ni, etc.)
& Lanthanide and Actinide Series (inner
transition elements): f (I=3) orbitals (Eu,
Am, Es)

Periodic Table

Electron Configurations &
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Relation Between Orbital Filling
and the Periodic Table

A Group R
(13(1H15)(16)}(1:
33 (4)(5) (6) (8) (9) (10) "2 | |
5 P
5)
IOEE! d|
() 6d [ 1| pblock
d block

how to arrange it

https.//cen.acs.org/physical-
chemistry/periodic-table/
periodic-table-icon-chemists-
still/97/i1

uuuuuuuuuuuuuuuuu

Ftlock [ dock ] pbick

A Lanthanides and A Transition Metals
Orbitals
7 Speculation on where This tale includes 3 block of elemen
ags rbital el d £ 1
s« additional “new” 5 6 | 7 | ireguiar stomic namber odering.
Li Be . B | C | N | Omprywepy——
w w elements will be placed ;e v
Na Mg Al Si P S Cl Ar %
W 20 2 22 23 24 25 26 27 28 20 30 N 3 33 M I 3B 45344
K Ca Sc Ti V C Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 4
7 30 40 0 a2 43 as s a0 47 s 40 s0 s sa s
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe P
s5 s - 72| m 7 75 7 7 7 s 62 e e ms e
Cs Ba n Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
o7 o0 (09- 100 105 100 107 108 100 10| m e M3 ma | ms e w o oo
Fr Ra 103 Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og
N9 120 121- 156 157 158 159 160 161 162 163 164 1390 WO 169 O WM w2 8s7d8p
165 166 %7 108 9s9p
uuuuuuuuuuuuuuuuuuu 4,
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
89 90 9 92 93 94 95 96 97 98 99 100 100 102 103 5f
Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
141 142 143 144 W45 146 147 148 149 150 151 152 153 145 155 of

Valence Electrons (A Group)

lence electrons are the outermost electrons in the
est principal quantum level of an atom. They are
d in the s- and p- orbitals and are the bonding
electrons. Examples:

Inner electrons are called core electrons.




Valence Electrons (A Group)

A Groups’ outer s- and p- orbitals contain the
ding electrons; the A group number equals the total
§- and p- electrons, which are the “valence electrons™

Inner electrons are called core electrons.

The Relationship Between lons
Formed and the Nearest Noble Gas
Octet Rule &
Electron Configurations

[ [ [ [F%

Valence Electrons

QUESTION

In which groups do all the elements have the
same number of valence electrons?

A)K, Ca, Ar, S

B) Na, Mg, S, CI

C) Na, K, Rb, Cs

D) Li, Be, B, C

E) None of these

Periodic Table Classifications
Electron Configurations

Representative Elements (A Groups): fill
s and p orbitals (Na, Al, Ne, O)

& Transition Elements: fill d orbitals (Fe,
Co, Ni)

& Lanthanide and Actinide Series (inner
transition elements): fill 4f and 5f orbitals
(Eu, Am, Es)

Multi-electron Atoms
Electron Configuration

Electron Configurations

http://chemconnections.org/general/movies/Quantum-Periodicity/electron-
config.MOV

The Bohr Model Explanation of the
Three Series of Spectral Lines
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Multi-electron

Periodic Table

Electron Configurations &
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Condensed Ground-State
Electron Configurations
A EQ
) (18)
1 2
i '"‘ 2A 3A aA 5A 6A 7A :’2
o @ (13) (4) (s) (16) a7
o 3 4 5 5 7 8 9 10
ol2| u Be B c N o F Ne
& [He]2s' | [He]2s® ||[He) 252" |[He) 25222 | [He] 2522% | [He) 25%2° |[He] 2522, |[He] 2522,5|
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3[ Na Mg N Si P s cl Ar
[Ne]3s' | [NeJ3s? ||[Ne] 3s23p' |[Ne] 352357 Ne] 3s23° | INe] 3s23p* | [Ne] 3s23p° | [Ne] 352355
.ﬂn =block elements
p-dlock elements
Full electron d-block elements
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(Spectroscopic
7 — Spectroseopio Notation
notation) ---> Be— (I:;Z (@512

QUESTION

The electron configuration for the barium atom
is:

A) 15°25°2p°35°3p°3d " 4s°

B) [Xe] 6s°

C) 15°25°2p°3s°3p’4s'

D) 1s°2s°2p°3s°3p°4s”

E) none of these

Magnetic Spin m,

mg =

mg =+,
mg =
@ a mg =
+
mg = s @
m, - N
mg =+

mg =+/2, /2

Partial Orbital Diagrams and Electron Configurations™
Partial Orbital Diagram Condensed

Atomic (4s.3d and 2p Full Electron Electron
Number Element Only)
4s 3d 4p
19 K m | [ ][s*2s*2p°3s%3p°) 15" A 15!
20 ca [@ ] [T 1) [1s?2822p°3s23p°) 452 [Ar] 152
21 sc @ [T 1) [1s*2s22p°3s3p% 4525 [Ar] 45?507
22 Ti 2] [T 1] [1s%2s22p°3523p%] 45202 [Ar] 45?502
23 v [T 1] [1s*2s*2p°353p%] 452 5° [Ar] as®5°
2 c 1 [ 1] 1s°28%2p*38%3p®] 1" 50° [Ar] 45" 508
25 mMn [ [ 1] 1s*28%2p*3s23p%) 1:23a° [Ar] 1:234°
2 Fe [ [ 1] [1s*25%2p"3s73p%] 45?50 [Ar] 4s?20°
27 co [ [T 1] 1s*28%2p°3s%3p®) s 307 [Ar] 45?507
28 Ni ®\ [T 1] [1s*2s*2p°3s*3p%) 452 [Ar]as®:®
29 cw @ § [ [ ]Ns*2s*2p°3s3p®]) 45" 201 [Ar) 2! 301
30 zn @ [T 1) [1s°25%2p°3573p%) 1523 [Ar] 134"
31 Ga [@ I [t ] [1s*25%2p°3s73p) 4s23d™ 1,1 [Ar]ds?3d™1 !
32 Ge [ [1s%25%2p°35?3p%] 452301 % [Ar]as®3d"1?
33 As [15225%2p°3523p®] 4523d'°1,* [Ar]ds?3d™1?
34 Se [ [15225%2p°35%3p%] 4573d™°1* [Ar]as?3d"1*
35 Br [1s?25%2p°35%3p%] 4573d™1,.° [Ar)as?3d"1 %
36 ke [ [15*25%2p°3573p°®] 4573d™1,° [Ar]as?3d"1°
ol type indical 's) whose occupancy changes when last ron is




QUESTION

Nitrogen has 5 valence electrons. Consider the
following electron arrangements.

2s 2p
A)
B)
C)
D) RN
E)

Which represents the ground state for the Nitrogen
atom?

Two ways of showing the formation of
lithium fluoride: LiF; [Li* and F-]
using electron configurations & diagrams

A L Hel2s' + F (Hel 25720 ——> Ut 152 (or [He)) + F~ [He]252205 (or [Ne))

B u (7 + F [l 60 AT — « P [ [R] [EARY
15 25 2p 15 25 2p 15 25 2p 15 25 2

ransition Metal lons (B Groups)
Oxidation Numbers (States): lon Charge

3B 4B 5B 6B 7B 8B 1B 2B
+8
([
+6 ® o o
® o o
+4 ® O o O o °
® © o O o O O o o
+2 e o o O O O O O O
°
0

Sc Ti V Cr Mn Fe Co Ni Cu Zn

Quantum Chemistry Summary:
Using the Periodic Table

Group A valence electron configurations
Individual electron configurations.
Used to:

o a. Accurately predicting the physical
properties and general chemical behavior of
the elements.

s b. Accurately dentifying metals and
nonmelals.

8 c¢. Accurately predicting & formulas of
compounds




