155 SHELLS, SUBSHELLS, AND ORBITALS

- Bohr's model predicted that energy levels (called SHELLS) were enough to describe completely
how electrons were arranged around an atom. But there's more to if!

SHELL: Equivalent to Bohr's energy levels. Electrons in the same SHELL are
all the same distance from the nucleus. They all have SIMILAR (but not necessarily
the SAME) energy.

- Shells are numbered (1-... - Elements on the periodic table have shells
numbered from 1 to 7)

- Higher numbers correspond to greater distance from the nucleus and greater
energy, and larger size!

- Higher shells can hold more electrons than lower shells!




SUBSHELLS: Within a SHELL, electrons may move in different ways around the
nucleus! These different "‘paths” are called SUBSHELLS

- SHAPES of regions of space that electrons are able to exist in.
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we pP" subshell

s' subshell .
(a spherical region) (@ dumbbell shaped region)

- Some atoms also have "f' subshells (not
pictured)

'q" subshell See p 334-335 for nicer drawings of the subshells. /




ORBITALS - are specific regions of space where electrons may exist

- The SHAPE of an orbital is defined by the SUBSHELL it is in

- The ENERGY of an orbital is defined by both the SHELL the orbital is
in AND the kind of SUBSHELL it is in

- Each orbital may, at most, contain TWO ELECTRONS

- Shells are numbered. Each shell can contain the same number of SUBSHELLS as its
number:

1st shell: ONE possible subshell (s)

2nd shell: TWO possible subshells (s, p)

3rd shell: THREE possible subshells (s, p, d)

4th shell: FOUR possible subshells (s, p. d, )

... and so on
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- Each subshell can contain one or more ORBITALS, depending on how many different ways there
are to arrange an orbital of that shape around the nucleus.

A\ ) .
QO o0

One possible P" subshell: Three possible orientafions

orientation

- There are five possible orbitals in a "d" subshell, and 7 possible orbitals in an "f* sutbshell!

(see ¢ 335)
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ENERGY DIAGRAM

- We can map out electrons around an atom using an energy diagram:
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"1s" means first shell,
's" subshell

Each blank represents an
ORIBITAL which can hold up to
TWQO electrons



160 Let's look at some example atoms:
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op Magnesium: Z=12, 12 electrons
T 4\— t o Font
4d Brafomic #
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N 3d
E 4s
e Outermost electrons of magnesium
Y% ‘valence electrons’. These electrons

are involved in chemical bonding!
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Aluminum: Z=13

Aluminum has THREE valence electrons!

(All electrons in the outer shell are valence

electrons!)

Atoms tend to form ions or chemical bonds in order
to end up with filled outer 's" and "p" subshells.

This is called the "octet" rule. (Not all chemical
bonds follow this - it's a RULE OF THUMB, not

a scientific law!)
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Example: Oxygen,Z =8

Valence electrons for oxygen. (6 electrons)

Oxygen needs fwo more electrons

to complete its outer "p" subshelll

In ionic compounds, oxygen has gained two electrons
to become the oxide ion (2- charge). In molecular

compounds, oxygen shares electrons with other atoms
so that it has a share in eight electrons in its outer shell!



163 ELECTRON CONFIGURATION
- A shorthand way to write about electron arrangement around an atfom.

) N L H
|
|_ Number of electrons in the subshell!

Shell
and
subshell

N\‘J L ’lelstlf(’%_gl
Mo e L¢3 3

N\
L Valence electrons are the ones in the outermost

SHELL, not just the last subshell. Aluminum has
THREE valence electrons.




Two Helium is part
elements of the "s" block!

wide ELECTRON CONFIGURATION AND THE PERIODIC TABLE
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's" block: last electron in These atoms is in an 's" orbitall

" block: last electron in these atoms is in a "p" orbital!

'd" block: last electron is these atoms is in a "d" orbital



- To write an electron configuration using the periodic table, start at hydrogen,
and count up the electrons unftil you reach your element!
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Example: Phosphorus (P): SZ L ES 3{’

A shortcut: "Noble gas core” nafation starts at the previous noble gas instead of hydrogen:

CNe13e% ?)@nb



