Bohr's model didn't account for
electron-electron interactions
(which didn't exist in HYDROGEN)

- To account for this added complexity, a more sophisticated model had to be devised:
QUANTUM THEORY. Quantum theory is the modern picture of the atom and its electron
cloud.



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.

OO

" subshell
(a dumbbell shaped region)

lllustrations:
P315-316

's" subshell
(a spherical region)

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

'q" subshell See p 314-316 for nicer f=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:
Ist shell: ONE possible subshell (s)

2nd shell: TWO possible subbshells (s, p)
3rd shell: THREE possible subshells (s, p, d)
4th shell: FOUR possible subshells (s, p, d, )

... and so on



- 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\ ) .
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One possible P’ subshell: Three possible orientations

orientation

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

(see (93'@)



ENERGY DIAGRAM

- We can map out electrons around an atom using an energy diagram:
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Let's look at some example atoms:

Magnesium: Z=12, 12 electrons
4\—7:-'- atomte H

Outermost electrons of magnesium
‘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
tfo end up with filled outer 's" and "p" sutbshells.

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 =38

Valence electrons for oxygen. (6 electrons)

Oxygen needs two more electrons

tfo complete its outer "p" subshell!

In ionic compounds, oxygen has gained fwo 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!



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

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

Shell
and
subshell

N\‘J L (le’?_stl(f’z)_sﬂl
Mo e Le¢3s 3

AN
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

|A \V/
: six elements wide g
i A IVA VA VIA VIA|7C

2, Li/ ten elements wide i C//N O/A e
3 éc’,)’%g I3 VB/VB VIB V)rg.——vué—j |B/IIB A'//Si P/é C'/A
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's" block: last electron in These atoms is in an 's" orbitall

" block: last electron in these atfoms isin 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!

A VIIA
Ly N
A A IVA VAVIAVIA] T [
i D~ " B ~ N — C et \
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5 [Ro[Sr [ Y | Zr |Np| Mo| Tc|Ru|Rh| Pd|Ag|Cd|In |sn |Sb|Te | | [Xe
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15 3
Example: Phosphorus (P): 1. g L {96 3s g ¢

—— Phosphorus has FIVE valence
electrons (all the electrons in
the OUTER SHELL)



EXAMPLES: Remember - valence electrons are ALL of the

= [Sl 2_31 1 ¢ electrons in the outermost SHELL! (may have more
—_— than one SUBSHELL)!

S l < L 1 SL 2 0 6 % 813 (OH TITANIUM is a tfransition metal that commonly forms

either +2 or +4 cations. The 4s electrons are lost
when the +2 ion forms, while the 4s AND 3d electrons
are lost to form the +4!

T 1 ¢ 2 S
CI\S Ls lP 5¢ 3?
" You can order the subshells in numeric order OR
CNe 3 2pS gm filing order

Ti 113 1PLBSL3‘O(’ZJ\ Ug™ oc g Ls® ZptggrLBF"L_]—S_'L?)Az
of Eﬁr] 14" st
N\
\sLlsﬁ,’z’PCBS‘LBPEBAIDLIS'LLJIPH ]

1o (B H
of [ A r] EERE 11 ?  Noble gas core notation. Use the previous noble gas on the table,

’\\/ then add the electrons that it doesn't have to the end.

i Ch ) 340

You are responsible for writing electron configurations up to Z=18, Argon. These are
here to illustrate other points!



PERIODIC TRENDS
- Some properties of elements can be related to their positions on the periodic table.

ATOMIC RADIUS

- The distance between the nucleus of the atoms and the outermost
shell of the electron cloud.

- Relates to the size of the atom.
- As you go DOWN A GROUP ( \L), the atomic radius INCREASES.

- Why? As you go down a period, you are ADDING SHELLS!

- As you go ACROSS A PERIOD (—>), the atomic radius DECREASES

Why? Let's look at some sample oToms./\
"//\ p -

Quter electrons
.~ seean
effective +/
charge (shielded
from +9 nucleus
by 2 electrons)

Outer electron -,
sees an |
effective +1
charge (shielded
from +3 nucleus

T by 2 electrons)
lithium fluorine

... SO fluorine's outer shell is pulled closer fo the nucleus than lithium's!




IONIZATION ENERGY (or FIRST IONIZATION ENERGY)

- The amount of energy required to remove a single electron from the outer shell
of an atom.

- Relates to reactivity for metals. The easier it is to remove an electron, the more
reactive the metal,

- As you go DOWN A GROUP (\L ), the ionization energy DECREASES.

- Why? As you go down a period, you are ADDING SHELLS. Since

the outer electrons are farther friom the nucleus and charge attraction
lessens with distance, this makes electrons easier to remove as the atoms
geft bigger!

- As you go ACROSS A PERIOD (—), the ionization energy INCREASES.

- Why? Let's look at some sample atoms. /\

_ - Outer electrons
Outer electron :

,~ see an
SeffeS ?.n o _ effective +7
effective charge (shielded

charge (shielded
from +3 nucleus
T by 2 electrons)
lithium fluorine

... since fluorine's outer electrons are held on by a larger effective charge,
they are more difficult fo remove than lithium'’s.

from +9 nucleus
by 2 electrons)




PERIODIC TRENDS IN A NUTSHELL
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