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Review of Lecture 1: Atomic Structure:
Electron Configurations

Ground-state electron configuration of an atom
lists orbitals occupied by its electrons. Rules:

1. Lowest-energy orbitals fill first: 1s — 2s — 2p —
3s = 3p = 4s — 3d (Aufbau (“build-up”) principle)
2. Electron spin can have only two orientations, up T
and down V. Only two electrons can occupy an
orbital, and they must be of opposite spin (Pauli
exclusion principle)

3. If two or more empty orbitals of equal energy are
available, electrons occupy each with spins parallel
until all orbitals have one electron (Hund's rule).



TagLE 1.1 Ground-State Electron Configurations of Some Elements

Atomic Atomic
Element number Configuration Element number Configuration
Hydrogen 1 ls 4 Lithium 3 2s i, 13
1s 1
2p = T 2p — 4
Carbon 6 2s —_ Neon 10 Dg -
s -[—'_- 1s H
38 - ap H =
1 2p = R 3s —
Sodium I / : ' Argon 18 B
25 H = > +H H
ls = 25 =
ls +
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What do " ‘shared" electrons actually look like?

1) 2)

The sequence shows how electron
density changes

as two H atoms are brought
closer together until they reach
their true bond length




TaBLE 1.2 Lewis and Kekulé Structures of Some Simple Molecules

Lewis Kekulé Lewis Kekulé
Name structure structure Name structure structure
v H
Water H:0:H H—0—1 H |
(H,0) Methane  H:C:H H—C—H
H (CH,) I |
i | H
Ammonia H:N:H H—N—H H
(NE) e |
Methanol H:C:0:H H—C—0—H
(CH,0H) 0" P|I
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Hybridization: sp’ Orbitals and the
Structure of Methane

Carbon has 4 valence electrons (2s? 2p?)
In CH,, all C—H bonds are 1dentical (tetrahedral)

sp3 hybrid orbitals: s orbital and three p orbitals
combine to form four equivalent, unsymmetrical,
tetrahedral orbitals (sppp = sp?), Pauling (1931)

Ep:..'

-':r @ = =
2% I Hvbridization
L -

Four tetrahedral

spd orbitals
An sp3 orbital

3[]3.
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Hybridization: sp? Orbitals and the
Structure of Ethylene

 sp? hybrid orbitals: 25 orbital combines with two
2p orbitals, giving 3 orbitals (spp = sp?)

 sp? orbitals are in a plane with 120° angles
* Remaining p orbital is perpendicular to the plane

90°

Side view Top view



p orbitals \

sz ﬂl‘bitﬂls 7 bond

sp® carbon sp?carbon Carbon-carbon double bond
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Hybridization: sp Orbitals and the
Structure of Acetylene

C-C a triple bond sharing six electrons

Carbon 2s orbital hybridizes with a single p orbital
giving two sp hybrids

— two p orbitals remain unchanged
sp orbitals are linear, 180° apart on x-axis

Two p orbitals are perpendicular on the y-axis and
the z-axis

Sp—



Orbitals of Acetylene

* Two sp hybrid orbitals from each C form sp—sp &
bond

* pz orbitals from each C form a p —p_ © bond by
sideways overlap and p,, orbitals overlap similarly

Carbon-carbon triple bond



The Periodic Table and
Electronegativity

H
2.1\ B
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Bond Polarities

Bond | Diff in EN | Negative atom Type of Bond

H-H [0.0 N/A pure covalent

C-H |04 C (weakly) polar covalent
O-H 1.4 O polar covalent
H-F 1.9 F polar covalent
S-0 1.0 O polar covalent
C-0 1.0 O polar covalent
Al-C | 1.0 C polar covalent
Na-Cl | 2.1 Cl ionic

Li-F [3.0 F ionic

Mg-0 |23 O ionic

Mg-C | 1.3 C polar covalent

Less than 0.5 difference in EN : Nonpolar covalent
0.5 to 2 EN units — Polar covalent
Greater than 2 EN units - lonic
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