Quantum Chemistry

Chem 108
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.

Quantum Theory

Based on experimental
observations of light and particles

& Developed through rigorous
mathematical computations

& Bridges physics and chemistry

& Generally described as quantum
mechanics aka quantum chemistry

Observations and

Theories from Classical

Theory to Quantum Theory
memmwm@um

Bllckbody r.a|m|q,| —- P nnc’l Enefg‘y“ quantized; only certain vulnea allowed
Photoelectric effect === Einstein: Light has parllculahe behavior (photons)
Atomic line Spectra  ==s- Bohr: Energy of atoms is %l:‘anunﬂ pholon emitted when
electron changes

Since energy is wavelike perhaps matter is wavelike
Observation Theory
Davisso/Germer:  __ ge Broglie: All matter travels in waves: energy of atom is
;Iyafv::l’:‘l ‘g";":‘:'lb" quantized due to wave motion of electrons

Since matter has mass perhaps energy has mass
Obulvltlan Theory

<= Einstein/de Broglie: Mass and energy are equivalent:

mw‘mm"?‘“mm particles have wavelength and photons have momentum

eo!lldlng Jm. 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. (NON-intuitive)

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

Science, 272, 1132 (1996)

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

Principal QN (integern=1,2,3,...):
elates 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.

8 4. Electron Spin QN : (mg = +'/2, =1/2) : relates to
the spin state of the electron.
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The Hierarchy of Quantum Numbers for
Atomic Orbitals

Name,
Symbol Allowed
(Property)  Values Q Numbers
Principal, n  Positive integer 1 2 3
(size, energy) (1,2,3,...)
n=123,. I /\ /\
Angular Oton—1 0 [ 1 0 < 2
momentum, /
i LI AN AN AN
I=0ton-1)
Magnetic, m, /..., 0. +1 0 0 -10+4 |0 10+ -2-10+1+2
(orientatiop)
m,=+ Tto -1

QUESTION

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

possible?

A) 3 Quantum Numbers
B) 4 ; .
C)2 N\
D)8 0 1
E)6 1A

QUESTION

How many f orbitals have the value n = 3?

A) 0
B) 3
C)5
D)7
E) 1

QUESTION

How many f orbitals have the value n = 4?
A)O
B) 3
C)5
D)7
E) 1

Quantum Numbers : I, m,
Orbital Shape & Orientation
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http.//chemconnections.org/general/chem120/atomic-orbitals/orbitals. html

Atomic Orbitals

€ 5 C A D wwordis com,

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




Periodic Table Classifications
ectron Configurations & Quantum Numbers

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

Relation Between Orbital Filling
and the Periodic Table
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Valence Electrons (A Group)

ence 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
s- 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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Condensed Ground-State
Electron Configurations
. . QUESTION
Q) (18)
1 2
1 '"‘ 2A 3A aA 5A 6A 7A :'z . ) .
ol @ 09 | a9 | a9 | ce | on The electron configuration for the barium atom
3 4 5 6 7 8 9 10 .
‘-3 2 U Be B c N [ F Ne IS:
g [He]2s' | [He]2s? ||[He) 252" |[He) 25222 | [He] 2522% | [He) 25%2° |[He] 2522, |[He] 2522,5| A) 1 322 322 p63 823 p63d104 82
n 12 13 14 15 16 17 18 2
3| Na Mg Al si P s cl Ar B) [Xe] 6s
[Ne]3s' | [NeJ3s? ||[Ne] 3s23p' |[Ne] 352357 Ne] 3s23° | Ne] 3s23p* | [Ne] 3s23p° | [Ne] 352355 C) 1822822,063823[36 481
2~ 2~ 6, 2, 6, 2
.~ PR— D) 1s"2s"2p 3s"3p 4s
Full electron ::: ::::: E) none of these
configuration Fbtock etements
(Spectroscopic
notation) ---> 5"“7‘:’23;‘(:;“”
Magnetic Spin m L
. . " Partial Orbital Diagrams and Electron Configurations®
(Nuclear Applications in MRI & NMR) Fatsl Ot Diadrim 1 Exactron Eopaensed
Number Element bleve C i
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19 K [ ) ] 1s*25%2p°3573p%) 15" A 05"
20 ca [@ ] CLL] [1s®2822p°3823p°) 452 [Ar] 152
mg =+, 21 sc @ ] [T 1] [1s?2s%2p°3s?3p8)ds?0" [Ar] 452 50"
my = 2 Ti [} ] [T 1) [1s?2522p°3s23p%) 4% 302 [Ar] 452 502
* 2 v m T10 (11 [s°28%2p°38%3p81as?50°  [Ar] 4s?50°
a - 2 e 1 tirlt) [ ] ) [1s*25%2p°3s%3p%] 15" 5% [Ar] 45! 508
@ ms = Ve 25 Mn [ [EEle [ [1s25%2p°3s3p8) 1:73¢°  [Ar] 1:%3d°
m =+ 26 Fe [ [Itlritlr] (| 1) [15725°2p°3s73p% 48750 [Aras?io®
mg =+ @ 27 co [ WEITITT) [ 1) [1s2522p°3s%3p% 45?907 [An)as?io”
28 Ni (2] [ 1] 1s*2s%2p"3s23p) as?1:° [Ards?:®
m = N s 29 cu ] [1s?25%2p°3s%3p] 45" 3™ [Ar]as! 5ot
M=+ 30 zZn [T 1 ] 1s*25%2p°3573p®] 1523d" [Ar] 1<23d™
31 Ga [T [t 1] [1s*25%2p"3s?3p®) 4523d™ 1,1 [Ar]ds?3d™1 !
32 Ge [ R (177 ] [1s® 252 2p°3573p%] 45730017 [Ar]as?3d"1 2
e ‘ 33 As [ [EEEEE [15225%2p°35%3p] 4s73d™°1,° [Ar]ds?3d"01 2
34 Se (7] [ 1]1) (152252 2p°3523°] 452301 ,*  [Ar]as?3d™1 ¢
35 Br [ T) [15° 252 2p°3523p%) 452301 ,° [Ar]4s?3d™1°
36 ke @ [l [15° 257 2p° 357 3p®) 453a™1 ¢ [Ar]ds?3a™1®
s N olol type indicates sublevel(s) whose occupancy changes when last electron is a¢ .
Nitrogen has 5 valence electrons. Consider the Two ways of showing the formation of
following electron arrangements. lithium fluoride: LiF; [Li* and F']
A using electron configurations & diagrams
B) S —
A Li [He 251 + F [He) 26%2p° — Li* 152 (or [He]) + F= [He)2s22p5 (or [Ne])
C)
8 u {1 + F {0 R 1] —— u « P [ [ [
D) 15 25 2 15 25  2p 15 25 2 15 25 2
E) |
Which represents the ground state for the Nitrogen
atom?




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

Summary: Information from the
Periodic Table

Can obtain Group A valence electron
onfigurations
8 2. Can determine individual electron
configurations.
This information can be used to:
8 a. Predict the physical properties and
general chemical behavior of the elements.
s b. Identify metals and nonmetals.
8 ¢. Predict ions & formulas of compounds
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The 3d Orbitals
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One of the
Seven
Possible
4f
Orbitals

Aufbau Principle

[} As protons are added one by one to
the nucleus to build up the elements,
electrons are similarly added to these
hydrogen-like orbitals.

Aufbau Principle

Pauli Exclusion Principle

In a given atom, no two electrons
can have the same set of four quantum
numbers (n, I, m;, mg).

8 Therefore, an orbital can hold only
two electrons, and they must have
opposite spins.

QUESTION

If 1 =3, how many electrons can be contained in
all the possible orbitals?

A7

B) 6

C)14

D) 10

E)5

Hund’s Rule

orbital diagrams

The lowest energy configuration for an
atom is the one having the maximum number
of unpaired electrons allowed by the Pauli
principle in a particular set of degenerate

orbitals. Boron, B
ital Diagram -> .
%
2s

s

L B




