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PLACING THE ELECTRONS

The location of electronsfollows certain rules.or
principless

* The Aufbau Principle — electrons fill orbitals
starting at the lowest available energy state
before filling higher states.

* Hund’s Rule — unoccupied orbitals of a given
energy will be filled before occupied orbitals of
the same energy are reused. (like seats on a bus)

* The Pauli Exclusion Principle — no two electrons
in an atom can occupy the same quantum state.
(be in the same orbital and have the same spin)

o An orbital can hold a maximum of two electrons



The first energy level has only one sublevel, s; the second energy level has
two sublevels, s and p; the third energy level has three sublevels, s, p, and,
d; and so on.

There is 1 s orbital, 3 p orbitals, 5 d orbitals, 7 f orbitals, and so on.
There are a maximum of two electrons per orbital.
Using this information, can you fill in the table below?

Principal | Number Electrons per Sublevel l\/':'auxrinrr;:rrn
Energy o-f S D d f g h i of
Level Orbitals Electrons
(n) (n?) 1 3 5 7 9 11 | 13 (2n?)
sl 1 1 2 | - | - -1 -1-1- 2
3| 2 4 2 |6 | - | -|-1-1- 8
S
< 3 9 2 6 10 - - - - 18
S| 4 16 2 6 10 | 14 - - - 32
C
é 5 25 2 6 10 | 14 18 | - - (50)
Sl 6| 36 [ 2] 6 |10]1a] 18]22] - (72)
O
w 7 49 2 6 10 14 18| 22 26 (98)




AN ANALOGY

Semetimes. it is helpiful-to-fhink of fhe atom . as.amn
apartment house.

* Each floor is like an energy level. (1-7)

* Each apartment is like a sublevel. (s, p, d, or f)

o Higher energy levels are larger, so they have more
sublevels

dThe first level (floor) has one sublevel (apartment) — s
dThe second has two — sand p
JANnd so on

 Each bedroom is like an orbital.
o “s” apartments have one bedroom

o “p” apartments have three bedrooms
o “d” apartments have five bedrooms, and

o “f’ apartments have seven bedrooms



.XPANDING THE ANALOGY

* |magine electrons are moving into the apartment complex
pictured below:

o Electrons don’t like to waste energy climbing to apartments on
higher floors.

o Electrons don’t like to waste energy caring for larger
apartments.

o Electrons move into the most energy efficient apartments first.

Electron Apartment Complex

* |In what order do the apartments fill up?



ORDER or FILLING

* The electrons are arranged according to the following rules:

o the number of electrons
equals the number of
protons (atomic number)

o electrons occupy orbitals s
-

in sequence beginning with I
those of the lowest energy. J?ﬁ:
o in a given sublevel, a second A

electron is not added to an st A ¢ ar”
orbital until each orbital in 557 5p%, 5087 5
the sublevel contains one > g Y
electron. , L

* One consequence of the order “——-£-.

of filling is that an outer shell never has more than
eight electrons.



A SAMPLE ELECTRON
CONFIGURATION

Consider the element scandium shown below:

449559  +3
21

2-8-9-2

What do the rules for the order of filling show about the electron
configuration?

©)
©)
©)

O

O

First 1s fills with 2 electrons leaving 19

As
Second 2s fills with 2 electrons leaving 17 25
Next 2p fills with 6 electrons followed by /
3s with 2 electrons leaving 9 / 29
Then 3p fills with 6 electrons followed by 4s

with 2 electrons leaving 1

Finally the remaining electron goes into 3d

This gives an electron configuration of 1s%2s%2p®3s23p®4s23d?.



TYPES or ELECTRON
CONFIGURATIONS

* Sublevel Notation: sublevel notation shows
how many electrons are in each sublevel

15725722p5%3s%3p°4s23d!
. BohrNotat;o/: ohr notatign shows the

number of electrgns ineach shell or energy
level

-

2-8-9-2

 Orbital Notation: Orbital notation shows the

electrons and their spin in each orbital
Y SUIIE SUSIE U2 SU% SUREE SUSBE U2 SUZ SUSIR SOB

1s 2s 2p 3s 3p 4s 3d



MORE on ORBITAL NOTATION

Drawing the Orbital Notation.Jfor. lron. (Atomic. Number.=.26)

e Step 1: Determine the sublevel notation of iron
o 1s has room for 2 electrons, leaving 24.
o 2s has room for 2 electrons, leaving 22.

o 2p has room for 6 electrons and 3s has room for 2
more, leaving 14.

o 3p has room for 6 electrons and 4s has room for 2
more, leaving 6.

o 3d has room for the remaining 6
o The electron configuration is 1s%22s%2p®3s23p®4s23d°.
e Step 2: Use the information from the sublevel notation to draw the orbital
notation
o Draw a horizontal line to represent each orbital in a sublevel, and label it.

o Add one electron at a time to each orbital, represented by an up or down
arrow, in the same order as in the sublevel notation.
+»* Electrons in an orbital must have opposite spins (arrows in opposite directions).

¢ Follow Hund’s rule. Do not begin pairing electrons in an orbital until all the orbitals
in a sublevel have an electron

\&\“
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1s 2s 2p 3s 3p 4s 3d




SUMMARY

 Draw the sublevel notation by
following the order of filling.
/Fo: 1522522 p'!?‘l?ﬁu'!dﬂ

 Draw the Bohr notation by

adding together all the -
electrons in the same energy
level. Fei 2-8-14-2

* Draw the orbital notation by taking the
information from the sublevel notation.

Fa: Db Db DUDUDE D DUDUDE D Nt 2 2 2

1s 2s 2p 3s 3p 4s 3d
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