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Orbital energy diagrams

Subshells Hydrogen atom A typical multielectron atom
within a shell i G
are at thesame o
energy level in 4p
hydrogen: 3 % 3 s T T
2S= 2p. ’\\ s
2 2p

N Subshells aresplit
in a multielectron
atom:

Energy —»
Energy —»

— 2s< 2p.
X ’
2s

Compared to the
hydrogen atom...

orbital energies are
lowerin a
multielectron atom.
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Electron configuration

Two electrons
in the 1s
subshell.

Electrons are in
the =0 (s)
subshell.
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Electrons occupy
then=1
energy level.
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s p d fnotation (cont’'d)
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s p d f notation (cont’d)




Using the periodic table to write eonfigurations

Main-group elements )\
" s-block ¥ | The electron configuration r A
1A ' ' 2 3p? 8A
of Si ends with 3 3p p-Bloek

~<ls> oA

3A 4A 5A 6A 7A 15>

~ 25 —> Transition elements < 2p -
d-block
~—3»—3B 4B 5B 6B 7B ——8B—— 1B 2B * 3p g
~— 45 —>— 3d > 4p >
- 55— 4 > Sp -
<— 6S > I 6p .
~Ts —>= 6d >
The electron 4 :
configuration of Rh 5t .

ends with 524d’
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Exceptions to aufbau
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Exceptions to the Aufbau principle (cont’d)

Half-filled d subshell
plus half-filled s subshell
has slightly lower in

energy thans?d*.

Filled d subshell plus
half-filled ssubshell has
slightly lower in energy

than s?d®.

More exceptions occur
farther down the periodic
table. They aren’t always

predictable, because energy

levels get closer together.
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Exceptions to the Aufbau principle (cont’d)
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Valence electrons
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Valence electrons and core electrons

Five valence electrons, for whiclm = 4
& %
/ /

28 core electrons
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Electron configurations of ions
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Electron configurations of ionsntq)
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Electron configurations of ionsntq)
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< = < = 8# 9

>84#91 1 > 8#91 1 8% 9

> 8:97 > 8:97— 3.9
8093 1 8% 931 8% 9

< 8%93 1 < 8093 1 891

What would be
the configuration
of F&*? Of Si*?

N\

C > > o |Valenceelectrons
are lost first.




e configuration of ions (cont’d)

Table 8.3 Electron Configurations of Some Metal lons

Noble Gas Pseudo-Noble Gas® 18 + 2P Various
Lit  Be?" APP' Cut  Zn?" Int Cr*":  [Ar]3d*
Na™ Mg2+ Ag+ od-t TI" Crt: [A1']3d3
K* Ca’t e Hg2+ Snt Mn?": [Ar]3d°
Rbt  Sr?t Pb2* Mn*": [Ar)34*
Cs"® Ba’" Sh>" Fe2t: [Ar]3d6
Bi** Fe’t:  [Ar]3d’

Co2": [Ar]3d’
Co’":  [Ar]3d®
NiZ™:  [Ar]3d®

%In the pseudo—noble gas configuration, all valence electrons are lost and the remaining (n — 1) shell has 18
electrons in the configuration (n — 1)s*(n — 1)p%(n — 1)d'’.

®In the 18 + 2 configuration, (n — 1)s*(n — 1)p®(n — 1)d'"ns?, two valence electrons remain.
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Magnetism



Periodic properties



Periodic properties: atomic radius

Covalent radius: 133 pm
I_I_I

|
Internuclear distance: 266 pm
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Atomic radius (cont’'d)



Atomic radius (cont’d)

, (F 0

10 core electrons screen
the attraction of 10 protons.

Outer electron
feels a net
attraction of +1.

Two outer electrons feel a net
attraction of +2.
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Mg has a greater
effective nuclear
charge than Na, and
is smallerthan Na.




Atomic radius, pm
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Example

A B >>
A % #6
A % > >



lonic radii

Internuclear distance: 205 pm

The 1onic radius
of each ion is the
portion of the
distance between

the nuclel
occupied by that
on.
mEan |
ro2- =140 pm

Vg2t = 65 pm
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lonic radil- cations

Do

186 pm 160 pm 150 pm 99 pm 65 pm
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C

lonic radii- anions

Covalent radius Anionic radius
D 99 pm 181 pm
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Some atomic and 1onic radii
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Example



lonization energy

E
v
F
B G 0
B G 0
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Trends In |IE



Selected
lonization
energies

Comparel,to |, for a 2A
element, then for the
corresponding 1A element.

Why is |, for each 1A element
somuchgreater than|,?

Why don’t we see thesametrend
for each2A elemen® 1,>1, ... but
only about twice as great ...




Selected Ionization energies

General trend in |2 An increase The electron being
from left to right, but ... removed is now &
: electron (higher energy,
...l drops, moving easier to remove than ars).

from 2A to 3A.

\

|, drops again Repulsion of the
between 5A and 6A. paired electron in 6A
makes that electron

easier to remove.




First lonization energies

Change in trend

occurs at 2A-3A

and at 5A-6A for ... but the change
each period ... becomes smaller at

/ higher energy levels.
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Example



Electron affinity



Selected electron affinities

The halogens have a

greater affinity for
electrons than do the alkali

metals, as expected.




Other periodic properties
(overview)
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Metals



Metallic character

2 +

* Metallic character
generally increases
from right to left across a
period, and increases
from top to bottom in a

group.



Nonmetals

("

Nonmetallic character
generally increases
right-to-left and
increases bottom-to-
top on the periodic
table (the opposite of
metallic character).

)
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Metalloids



Summary of trends



The noble gases



Atoms emit energy when Other trends_

electrons drop from higher

to lower energy states. ﬂ ame CoO I Or

Elements with low first || Na K

lonization energies can
be excited in a Bunsen
burner flame, and often
emit in the visible region
of the spectrum.

Elements with high Ca Sy Ba
values of IE; usually

require higher
temperatures for
emission, and the
emitted light is in the UV
region of the spectrum.




Oxidizing and reducing agents revisited

* " (,

(.

When Cl, is bubbled

into a solution br[;\',‘:ﬁ lﬁ]cgdulzelgus
containing colorless solutionq
jodide ions ...

... the chlorine oxidizes

|-to I,,, becauseEA, for

Cl, is greater thanEA,
for I ,.

... but dissolves in
CCl,to give a
purple solution.




Oxidizing and reducing agents revisited (cont’'d)
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Potassium metal
reacts violently with
water. The liberated

H, ignites.

... while magnesium

Is largely nonreactive
N toward cold water.
Calcium metal reacts
readily with water ...




