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Nucleus Protons

Electrons

Orbitals are not planetary orbits!



Electron Configurations
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Anomalous configurations: filling or half-filling shells

e.g. Cu(N=29) 29-18=11

i 10 [ 111 nz 113 114 115 18 [ 117 :.m
s || Ag Uuh || Uhas

II@E
IEHHBHHIEHE

4st 3d10

‘ﬁUumu@mmgwuuut
HHHHEHPEHE

HHH-



Some definitions

» Afom: An atom is the smallest constituent unit of
ordinary matter that has the properties of a
chemical element.

 Chemical element: The chemical elements are pure
substances that can not be decomposed into any
other pure substance by simple chemical methods.

* Molecule: A molecule is an electrically neutral group

of two or more atoms held together by chemical
bonds.

A molecule can be decomposed by chemical methods
intfo other simpler pure substances.

Molecules are distinguished from ions by their lack
of electrical charge.



Molecules

Lewis Theory: An Overview

. Electrons, especially those of the outermost (valence) electronic shell, play
a fundamental role in chemical bonding.

2. In some cases, electrons are trans grred from one atom to another. Positive
and 1‘1egah've ions are formed and attract each other thmugh electrostatic
forces called ionic bonds.

3. In other cases, one or more pairs of electrons are shared between atoms.
A bond formed by the sharing of electrons between atoms is called a
covalent bond.

. Electrons are transferred or shared in such a way that each atom acquires
an especially stable electron configuration. Usually this is a noble gas con-
figuraﬁnn, one with eight outer-shell electrons, or an octet.



Lewis Structures for lonic Compounds

The formula of aluminum oxide follows directly from the Lewis structure. The combination of one
Al atom, which loses three electrons, and one O atom, which gains two, leaves an excess of one lost
electron. To match the numbers of electrons lost and gained, the formula unit must be based on two
Al atoms and three O atoms.
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Electronegativity atom’s ability to compete for electrons

A+B—— A™B”  AE; = (I, + EAp)
A+B—> AB" AE, = (Ig + EA,)

nonpolar (Ia + EAp) = (Ip + EAs) — (Ian — EAx) = (Ip — EAp)

ENj o (In — EAp)
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Formal Charge

:O= FC =o6valencee inO — 2lone-paire —

=N-— FC =5 valencee  inN — 0 lone-paire” —

(6 bond-paire” ) =6 —2 — 3 = +|

2= 2=

(8 bond-paire™) =5 —0 —4 =+l

e
:O :N '—O : —6 FC = 6 valencee™ in O — 6 lone-paire”™ — ' (2 bond-paire ) =6 -6 —1 = —I
e
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Interpretation

Comments

Oxidation
state

Formal
charge

The charge an atom
would have if the
bonding electrons in
each bond were

trans prred to the more
electronegative atom.

The charge an atom
would have if the
bonding electrons in
each bond were divided
equally between the
two atoms involved.

e The oxidation state concept

tends to exaggerate the ionic
character of the bonding
between atoms.

Oxidation states are used to
predict and rationalize chemical
properties of compounds.

The formal charge concept tends
to exaggerate the covalent charac-
ter of the bonding between atoms.
Formal charges are used to assess
which Lewis structure is the
most satisfactory representation
of the true structure.




Count the total number of
electrons in the structure.

i

Draw a skeletal structure,

_l

Place two electrons in each
bond in the skeletal structure.

l

Identify the terminal atoms.

r

Complete the octets of
terminal atoms.
(H atoms require 2e”.)

:

Subtract the number of electrons

used to this point from the
total number of valence electrons.
Do any electrons remain?

A Strategy for Writing Lewis Structures

Formal Charge

» The sum of the formal charges in a Lewis structure must equal zero for a
neutral molecule and must equal the magnitude of the charge for a poly-
atomic ion.

» Where formal charges are required, they should be as small as possible.

» Negative formal charges usually appear on the most electronegative
atoms; positive formal charges, on the least electronegative atoms.

* Structures having formal charges of the same sign on adjacent atoms are
unli_keiy.

Resonance :0=0—0: :10—0=0:

Exceptions to the Octet Rule

Yes No Odd-Electron Species -N—0:
Place remaining i Do all atoms have '-F."—E—"'
electrons on octets (2 e~ for H)? Incomplete Octets °--
the central atom(s). ' y l|:""
YES 'I-i- 4 = &
No :Cl 13
- Expanded Valence Shells . P_
Form multiple bonds A satisfactory Xpande alence ells e | a5, L8
as needed to Lewis structure '{.:,] <2 .,I'
complete octets. is obtained. et




Shapes of Molecules Valence-Shell Electron-Pair Repulsion (VSEPR) Theory

Electron pairs repel each other, whether they are in chemical bonds
(bond pairs) or unshared (lone pairs). Electron pairs assume orientations
about an atom to minimize repulsions.

Possibilities for Electron-Group Distributions

e two electron groups: linear

 three electron groups: trigonal planar
 four electron groups: tetrahedral

 five electron groups: trigonal bipyramidal

» six electron groups: octahedral

P




Hybrid orbitals and molecular geometry

H:Be:H or H—Be—H

Lewis structure
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Hybrid orbitals (cont.)

H1s Be sp hybrids H1s




Hybrid orbitals (cont.) Methane case
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Hybrid Orbitals
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Further reading:

Metal Complexes

Inner shell Lone pairs of electrons are ignored.
Since lone pairs are in the inner shell, they are
believed to have little effect on molecular

geometry
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Bonding in Metals
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lonic Bonds and ionic Crystals

Na®(g) + Cl(g) + e~
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Repulsion correction

A hypothetical one-dimensional A7 lattice.



Metal crystal: ductile and malleable

lonic crystal: hard but brittle

Cleavage — - Repulsion
plane ' "




Arranging atoms or ions in solids

Simple cubic Body-centered cubic Face-centered cubic

cubic crystal hexagonal crystal



Intermolecular Forces:
Liquids and Solids



