Chapter 7

Electron Configurations
and the Periodic Table
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Blackbody Radiation (Z#] ¥ 4})
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Planck’s Quantum Theory

E=hv = hc/A
wherevA=_c
E - energy

h — Planck's constant
v - freguency

Cc — speed of light

A — wavelength



Photoel ectric Effect

When photons above a minlmum

energy (shor enough wavelengh) Electroms efected from the
strike a photosensitive cathiode sl cathode ane
surface, clectirons ane cjected, artracted o the anode. .. £
mis
High-intengity
Electron -] ,.rm

Phatno
cathade [-|

Mumber of gjected
electrons (current)

/ Energy of light on cathade
Photons with lower Mo electroas are epectid wntil
Irequencwes do ned have photoms whose wavelength is
encugh energy 1o remove shioart enoagh strike the
Mutar electrons. Light with energy photosensitive surfice, Only
{eurrant) bl the threshold does photons with energics greater
ol eject edectrons and the than E . the threshaold
'lhl Y current v is meear foms, CNETEY, will eject elctmons,
. cmksing an eleciee Y
cunmcnl o Bow and giving (c)

a reasding on the meter




Photoelectron effect (%A & 3})
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Line Emission Spectrum
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Energy Transitions

Ground State - lowest energy state for
electronsin an atom

Excited State - any energy state above the
ground state



 light shinning on a
sample causes
electrons to be excited
from the ground state
to an excited state ‘

o wavelengths of that
energy are removed -
from transmitted
Spectra
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Atomic spectra (A 2HEY)
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Bohr Model for the Hydrogen Atom

E = -constant/n?
E = (-2.179 x 108 Jpart.)
(6.022 x 10%® part./mole)
(1 kJ10° J)/n?
= (-1312 kJmol)(1/n?)
wheren - gquantum number
1,2,3,4, 56, 7, €etc



Bohr Model

for hydrogen
ground state: n=1
excited state: n> 1



Hydrogen Spectrum

E =(-2.179 x 10*° J)(1/n? - 1/n?)
where: n; = Initial state quantum number
n. = final state quantum number



The uncertainty principle (E3&R A9 437)
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B Quantum Mechanics

1925 Heisenbergell 9l&] A&z FA13 3
= Heisenberg formulation (matrix mechanics)

19263 Schrodinger © 2]l differential equation®] A]<gk

= Schrodinger formulation (wave mechanics)

Probability
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L1ne Spectra

Lyman series — ultraviolet
n>1-n=1

Balmer series - visible light
n>2-n=2

Paschen series - infrared
nN>3 - nN=3



Orbitals

 region of probability of finding an electron
around the nucleus

e 4types —» spdf

e maximum of 2 electrons per orbital



Pure Atomic Orbitals

shape # of orbitals/ energy level

s spherical 1
p dumbbdl 3
d complex 5
f very complex 7



Atomic Orbhitals
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s state for the single elecron
in a hydrogen atom,




Quantum Numbers

n - energy level
—(1,2,3,4,5,6, 7, etc))

| - type of orbital: Shape of the orbitals
— (s 1=0; p: I=1; d: 1=2; f: |=3)

m, — which orbital: Direction of the orbitals
— (one value per orbital: from-l - tol)

S — Direction of spin
— (-2 or + 1/2)



.3 Relationships Among n, /, and m; for the First Four Principal
Energy Levels

No. of Total number

n I Subshell my orbitals in of orbitals
value wvalue designation values subshell in shell, n*

1 0 Is 0 1 1

= 0 2s 0 1

2 1 2p o —1 3 -

3 0 3s 0 1

S5 1 3p 10 1 3

3 2 Ad 2 1L -1 3 5 9

4 0 4s 0 1

4 1 ip 1,0, —1 3

4 2 4d 210 —1 2 5

4 3 4f 3.2, 1.0

= 1 5 7 16




Electrons

* Thesc prhitals =re a0t ased = the groend staze of any knowen ciement.



Electron Filling Order
Diagram

1s

2S 2p

3s 3p 3d
4s 4p 4d A4f
5s 5p 5d 5f
6s 6p 6d
/s




Electronic Configuration
and the Periodic Table
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Main group Lanthanides and Transition Main group
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Electronic Configurations

he shorthand representation of the
occupancy of the energy levels (shells and
subshells) of an atom by electrons.



Electronic Configuration

H atom

1 electron
1st



Electronic Configuration

He atom
2 electrons

1s°



Electronic Configuration

L1 atom

3 electrons
1s?, 2st



Electronic Configuration

Cl atom

17 electrons
1s%, 257, 2p°, 3<%, 3p°



Electronic Configuration

As atom
33 electons
1%, 2%, 2p°, 357, 3p°, 45, 3d'°, 4p°
or
[Ar] 457, 3d™, 4p°



Electronic Configuration

negative ions

add electron(s), 1 electron for each negative
charge



Electronic Configuration

SZion
(16 + 2)electrons
1s%, 252, 2p°, 3<%, 3p°



Electronic Configuration

positive ions

remove electron(s), 1 electron for each
positive charge



Electronic Configuration

Mg*ion
(12-2)electrons
1s%, 2<%, 2p°



Each additional electron “shell” shields the
outer el ectrons from the nuclear charge

Ly =2Z-S
where Zg — effective nuclear charge
Z — nuclear charge, atomic number
S - shielding constant



* Polyelectronic atoms
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| ewis Electron Dot Structures

1.7 Lewis Dot Symbols for Atoms

1A 2A 3A 4A 5A 6A TA SA
ns'  ns® ns’np! ns’‘np* ns‘np’ ns’up* ns’np>  nsnp®
Ijl lB,e. l‘é. .E-:. L ﬁ - : E:;l' : -I; L

s Nea
Na+ Mg+  -Al- .Sie . P- :S. :Cl- At




Magnetism

result of the spin of electrons
diamagnetism - no unpaired electrons

paramagnetism - one or more unpaired
electrons

ferromagentism - case of paramagnetism
where the substance retains its magnetism



Magnetism

Ferromagnetism: The spins of unpaired

Paramagnetism: The atoms or ions with electrons in clusters of atoms or ions
magnetic moments are not aligned. If are aligned in the same direction. In a
the substance is in a magnetic field, magnetic field these domains all align
they align with and against the field. and stay aligned when the field is

Magnetism is weak., removed.,




Trends in the
Periodic Table

atomic radius
lonic radius
lonization energy
electron affinity



Atomic Radius

 decrease |eft to right across a period

— as nuclear charge increases, number of
electrons increase; however, the nucleus acts as
a unit charge while the electrons act
Independently, pulling electrons towards the
nucleus, decreasing size



Atomic Radius

e Increases from upper right corner to the
lower left corner



Atomic Radius of
Main Group Elements

iot 0t @ @ 2 O = O £
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Atomic Radius of
s, p-, and d- Block Elements

There is a large increase in atomic
radius going from any noble gas atom
to the following Group 1A atom.

Radius, pm

As each successive electron is
added, the nuclear charge also
increases. The result is an
increased attraction of the
nucleus for electrons, causing
atomic radii to generally
decrease.




lonic Radius

e sametrends asfor atomic radius
e positive ions smaller than atom
e negative ions larger than atom



lonic Radius

| soel ectronic Series

 series of negative ions, noble gas atom, and
positive ions with the same electronic
configuration

e Size decreases as “ positive charge” of the
nucleus increases



| soel ectronic Series

(All 155 He,Li",Be’ " H™

(All 15%25%2p%) Ne,Na" ,Mg” " APPT, F, 03‘
(All 1522572p%35%3p%) Ar, K7,ca?",Gga’",c1”

(All 13325-?;;633-3;; 3d %45%4p%) Kr,Rb T, 5:”,3{,35‘
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(ATl 1622¢°21° ic-ﬁnﬁw*"&e 4n"azi Og ¢
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Sizes of lons and
thair Neutral Atoms

Group 1A Group 24 Group 34 Group BA Group 5A
(1} 12) {13} (16) (17}
lon Atom  lon Atom  lon Atom  lon Atam  lon Atom

Be
112

Se
119

Ta

Sr
142

215




lonization Energy

energy necessary to remove an electron to
form a positive ion

low value for metals, electrons easily
removed

high value for non-metals, electrons
difficult to remove

Increases from lower left corner of periodic
table to the upper right corner



lonization Energies

first 1onization energy

e energy to remove first electron from an
alom

second 1onization energy

e energy to remove second electron from a+1
Tolg

etC.



lonization energy (kJ/mal)

First lonization Energies

Period 2 Period 3 Period 4 Period 5 Period 6




Electron Affinity

energy released when an electron Is added
to an atom

same trends as ionization energy, INcreases
from lower left corner to the upper right
corner

metals have low “EA”
nonmetals have high “EA”



Electron Affinities

' Electron Affinities (kJ/mol)
1A 2A 3A 4A SA OA 7A S8A
(1) (2 (13) (4 (15) (16) (17 (18)
H He
== >0
71.1 Be B C N O F Nf: :
—60 >0 —27 —122 >0 —141 —328 >0
Na MNig Al Si P S =l Ar
=53 > () —43 —134 —72 —200 —349 >0
K Ca Ga Ge As Se Br Kr
—48 =2 —30 —119 =73 — 195 =iy >0
Rb Sr In Sn Sb Te | Xe
—f7 —5 —30 — 107 — 103 —190 — 295 >0
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