Electron Configurations

expressing the guantum numbers of the electrons In
an atom by a shortcut method



The electron configuration method of expressing
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The electron configuration method of expressing
the quantum numbers of the electrons in an atom
has the following advantages:

It is much simpler than listing all the quantum
numbers.

It expresses the important quantities that are
needed for chemistry and leaves out detalls that
have little effect.

It is clearer to see the relationship to the periodic
chart of the elements and why the properties vary
as they do.



The electron configuration method is short-hand
for the quantum numbers, n, |, m, and m..

For an electron that has an a principal quantum
number n, the number n Is written.



The electron configuration method is short-hand
for the quantum numbers, n, I, m, and m..

For an electron that has an a principal guantum
number n, the number n Is written.

For the quantum number I, the following Is used:

=0 the letter “s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “”

It turns out that for the ground state, these are all
the | values, I.e. letters, that are needed.



n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

Example: For an electronforn=2and | =1 the
designation is:

2p



n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

Example: For an electronforn=1and | =0 the
designation is:

1s



n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

Example: For an electron forn=4 and | = 3 the
designation is:

4f



n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

To express all the electrons in the atom one
designates the electrons in each energy level by
placing a superscript on the letter. This number is
the total number of electrons that have this
particular number and letter.

For example, He has 2 electrons that are 1s. So
the total Is given as:
1s°



n=n use number “n”
=0 the letter “s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

For example, He has 2 electrons that are 1s. So
the total Is given as:
number of electrons that are inls
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n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

LI has 2 electrons that are 1s and 1 that Is 2s.
So the total is given as:
number of electrons in each

7

1s22s?

2N

n value | value



n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

Be has 2 electrons that are 1s and 2 that are 2s.
So the total is given as:
number of electrons in each

-7
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n=n use number “n”
=0 the letter "s”
=1 the letter "p”
= 2 the letter “d”
= 3 the letter “f”

Inspection of the selection rule yields the
following conclusion. The total allowed number
of electrons in:

=0 iIs?2
=1is6
=2 1s 10
=3 is14




n=n use number “n”

=0 the letter “s”

=1 the letter "p”

=2 the letter “d”

= 3 the letter “f”
Why?

s2 m=0 m,=1z% — 2 combinations




n=n use number “n”

=0 the letter “s”

=1 the letter "p”

=2 the letter “d”

=3 the letter “f’
Why?

S2 m=0 m,=1%
S6 m=-1,0,+1 m, =z1%
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n=n use number “n”

WiNEF- O

Why?

WN O

ne letter “s”
ne letter “p”
ne letter “d”
ne letter “f”

~~ ~ -~ -

S2 m=0 m,=1%

S6 m=-1,0,+1 m, =%

s10 m=-2,-1,0,+1,+2 m ,=1%
s 14



n=n use number “n”

=0 the letter “s”

=1 the letter "p”

=2 the letter “d”

=3 the letter “f”

Why?

=0i1s2 m=0 m,==% — 2
=1is6 m=-1,0,+1 m_ =21% — 6
=2 1s10 m=-2,-1,0,+1,+2 m,=t% =10
=3 1s14 m =-3,-2,-1,0,+1,+2,+3 m = +% — 14




n=n use number “n”
Total allowed:

=0 the letter “s” 2
=1 theletter “p”"—— 6
=2 the letter “d”—— 10
=3 the letter “f" —— 14

Given this, one can construct the electron
configuration of any atom by the aufbau principle if
one knows the sequence of the energy levels.



n=n use number “n”
Total allowed:
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=1 theletter “p”"—— 6
=2 the letter “d”—— 10
=3 the letter “f" —— 14

Given this, one can construct the electron
configuration of any atom by the aufbau principle if
one knows the sequence of the energy levels.

Example: What is the electron configuration of Ar?

Answer: 1s?, 2s?, 2p°, 3s?, 3p°



n=n use number “n”
Total allowed:

=0 the letter “s” 2
=1 theletter “p”"—— 6
=2 the letter “d”—— 10
=3 the letter “f" —— 14

Given this, one can construct the electron
configuration of any atom by the aufbau principle if
one knows the sequence of the energy levels.

Example: What is the electron configuration of Ar?
total of electron = 18)

Answer: 1s?, 2s?, 2p°, 3s?, 3p°



n=n use number “n”
Total allowed:
=0 the letter “s” 2
=1 theletter “p”"—— 6
=2 the letter “d”—— 10
=3 the letter “f" —— 14

Given this, one can construct the electron
configuration of any atom by the aufbau principle if
one knows the sequence of the energy levels.

Example: What is the electron configuration of Fe?

Answer: 1s?, 2s?, 2p°, 3s?, 3p°, 4s°, 3d°
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Example: What is the electron configuration of Fe?
total of electron = 26)
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Answer: 1s?, 2s?, 2p°, 3s?, 3p°, 4s°, 3d°



n=n use number “n”
Total allowed:

=0 the letter “s” 2
=1 theletter “p”—— 6
=2 the letter “d”—— 10
=3 the letter “f" —— 14

Given this, one can construct the electron
configuration of any atom by the aufbau principle if
one knows the sequence of the energy levels.

Example: What is the electron configuration of Fe?
total of electron = 26)
1\

Answer: 1s?, 2s?, 2p°, 3s?, 3p°, 4s°, 3d°

Wait a minute! - Shouldn’t 3d come before 4s?



n=n use number “n”

ne letter “s”
ne letter “p”
ne letter “d”
ne letter “f”

I
WN PO
— — —~ —

No, 3d is not a lower energy than 4s - this doesn’t
break any of the previous rules. The energy levels
are in the following sequence:

15<2s5<2p<3s<3p<4s<3d<4p<5s<4d<5Sp<6s<4f<5d<6p<7s<5bf

Either memorize this sequence or use the great
cheat-sheet on the wall (officially called the periodic
chart).
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Here is how to use the periodic chart for
determining the sequence:
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The principal quantum number for the s and p
electrons is the row numbers: D
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The s electron sequence is the first 2 columns:
(Note that He is s - not on the other side.)
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The p electron sequence is the last 6 columns:
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The d electron sequence is columns 3 through 10.
However, the n value is (row number) - 1!
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The f electron sequence is from La through Yb for
the 4f and Ac through No for the 5f.
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Example: What is the electron configuration of
Tc?

K /|
N, 4
5 i s I/
4 e
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28le
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Example: What is the electron configuration of
Tc?

Startlng at H and countlng the s’s, p 'S eftc.
sl 32 1s?, 2s?, 2p°, 3s?, 3p°, 4s?, 3d™, 4p°, 5s°, 4d5
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How about Sb?
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How about Sb?
1s?, 2s?, 2p°®, 3s?, 3p°, 4s?, 3d*, 4p°, 557, 4d*°, 5p°
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How about Nd?
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How about Nd?
1s®, 2s%, 2p°, 3s?, 3p°, 4s?, 3d*°, 4p°, 5s°, 4d'°, 5p°, 65, 4f*
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Core versus valence electrons:

The electron configuration ending with p°® is extremely stable.
These are the noble gasses and their electrons are called
“core electrons”. (row 1 has no p electrons,
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Core versus valence electrons:

The electron configuration ending with p°® is extremely stable
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Redoing Tc, the core and valence electrons are
determined by looking at the last noble gas.

st s* b
H |He! p' p° p° p* P° K
Li Be B|C|N|O|F |Ne
NaMg| d* d® d® df d° d° d’ d° d°d*JAl|Si|P |S |CI|Ar

K [CalSc|Ti |V Cr}yln|FeCo NI [Cu|Zn|GalGe|lAs|Se|Br|Kr

Rb|Sr|Y [ZrNbMqg Tc|Ru|Rh|Pd|Ag|Cd|In|Sn|Sb(Te| | [Xe
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Cs|Ba I Hf|Ta|W |Re| Ir |Os|Pt |Au|Hg| Tl [Pb|BI [Po|At |RN
Fr|Ra Rf|DbSg|Bh|Hs|Mt|Ds

R A A G G G i e o o el L

La|Ce Pr|NdPmMSmMEuU|Gd Th|DyHo|Er [Tm|Yb|Lu
Ac|Th|Pa| U |Np|PUAMCmMBK|Cf |Es|FmMdNo|Lr




Redoing Tc, the core and valence electrons are
determined by looking at the last noble gas.

1s?, 2s?, 2p°, 3s?, 3p°, 4s?, 3d™, 4p°®,|5s?, 4d°

gl g2 core electrons valence p°

H |He| t p{vpr}—p“—piﬁe—
Li |Be B|{C|N|O|F |N¢g
NaMg d* d? d® d* ¢g>d° d” d® d°d"|Al|Si|P |S [CI|Ar

K [calsc|Ti [ vAcTMnFe|co|Ni |culznlGalGe| As|Se|Br | Kr

RbISTTY-TZriNbivd Tc|RulRh|Pd|Ag|cd| In [Sn|Sb(Te| 1 [xe

\l@Lﬁh(}OI\JH

Cs|Bal i |Hf Ta|w[Re] ir os]P AulHg|T1 [PHlBi [PolAt |Rn
FriRa ™ | Rf| Db Sg|Bh{Hs|Mt|Ds

fL 2 £ TR - R - f10 f11 f12 13 14 g
La|CePr |NdPmSmEu|Gd Tb|DyHo|Er Tm|Yb|Lu

Ac|Th{Pa U [Np|PuAnmCmBk|Cf [Es|FnMdNo|Lr




Redoing Tc, the core and valence electrons are
determined by looking at the last noble gas.

This can be rewritten as: [Kr]|5s%, 4d°
4 5 I
PP
O | F |[N€|
S [Cl|Ar
K |CalSc|Ti )//6 Mn| Fe|lCo|NI |Cu|Zn|GalGe|As|Se|Br |Kr

RbO[STTY TZriNbiMd Tc|Ru|Rh|Pd|Ag|Cd| In |Sn|Sb(Te| | [Xe

\l@(ﬂh(&)l\)lé

Cs|Ba I Hf Ta|W |Re| Ir |Os|Pt|Au{Hg|TI |Pb|BI [Po|At |RnN

— e

A e o e ol Sl

— e —

La|Ce|Pr [NdPmMSmMEu|Gd Th|DyHo|Er Tm| Yb|Lu
Ac|Th|Pal U |Np|PUAMCmMBK|Cf [Es|FmMdNo|Lr
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Likewise for Sb

Mgl d* d? d® d* d°® d®° d’ d° d°d
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=
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Likewise for Sb
1s?, 252, 2p°%, 3s?, 3p°, 4s?, 3d*°, 4p

1

Be

core electrons

T

A

6’ 552, 4d10, 5p3

valence

Mg d* d? d® d* d° d°® d

1 4 .57
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Likewise for Sb

Thus:
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Mg d* d? o® d* o df
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...and for Nd.

1s®, 25, 2p°, 3s%, 3p°, 4s°, 3d*°, 4p°, 5s°, 4d'°, 5p°, 657, 4f*
core electrons valep@ce

sl g2 T
: 1 4

5 ]

H [He liais

Li |Be B |c|N|o|F |Nd
NaMg| d* d? d® d* d° d° g’d° d°d"JAl|Si|P |S |CI|Ar

K [CalSc|Ti |V |Cr eE:o Ni [CulZn|GalGe|lAs|Se|Br [Kr

Rb|Sr|Y |Zr INbiMqg Tc|Ru|Rh|Pd|Ag|Cd| In|Sn|Sb(Te| | [Xe
1Cs|Bx Hf[Ta|W |Re| Ir |Os|Pt |Au|Hg|TI |Pb|Bi [Po|At [Rn|

FriRal | | Rf|DbSg|Bh{Hs|Mt|Ds

[—vfl PR T e 0 1L f12 §13 f14 ¢!

Ca[CaPr|NdPmMSmMEUGd Th|DyHo|Er [Tm|Yb|Lu
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...and for Nd.
Thus yielding:
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The End



