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Shapes of Molecules

What is the shape of a molecule?
George Zaidan and Charles Morton

Why are the Shapes of Molecules
Important?
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Why are the Shapes of Molecules
Important?

Opioid Crisis Intervention
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Molecular Shapes
Molecular Models for C, H, N, O

® Fundamental repeating shapes found in every biological
and synthetically made organic molecule including plastics

bt C =black
@ 9 L P @° c@ H=-gay
[9) @ N = blue

O =red

7 —_ - pink = generic
0/? 0’% atom

Tetrahedral Trigonal pyramidal Bent

https://aelp.smartsparrow.com/v/ndmw2ybz/74lytt7u

Opioid Crisis Intervention

Lewis Structures
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G.N. Lewis, despite his insight and contributions o L]
to chemistry, was never awarded the Nobel prize.
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Notes from Lewis’ s notebook
and his “Lewis” structure.
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Valence Electrons — Lewis Dot Drawings
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Covalent Bond Numbers
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Lewis Structures <= Molecular Shapes
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Lewis Structures <= Molecular Shapes
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Lewis Structures <— Molecular Shapes

® For simple Lewis structures:
1. Draw the individual atoms using dots to represent the
valence electrons.
2. Put the atoms together so they share PAIRS of
electrons to make complete octets.

¥ NH,, for example:

H- N ‘H B
N mom e — a —— H:N:H
VSEPR Molecular

Eg. Ammonia:

\ .
v - e QDD

http://molview.org
Lewis Structures <= Molecular Shapes
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Molecular Geometry — Lewis Structure

Numbers of atoms or (“lone” / “free”) pairs of electrons about
the central atom from Lewis Structure
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Lewis Structures / Covalent Compounds

*Share valence electrons.

1 pair = 1 bond; maximum # of atom-atom bonds = 3.
*Octet rule (“duet” for hydrogen)

sLewis structure examples:

Lewis structures

Total e's 18 2 12 2 10
bonded 10 10 8 8 6
[unbonded | 8 T 16 | 4|
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Lewis Structures <= Molecular Shapes
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Opioid Crisis Intervention

Electron & Molecular
Geometry
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Lewis Structures <= Molecular Shapes
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Molecular Shapes «<— Lewis Structures
MolView: Visual On-line Molecular Modeling

- <

- H bacamal

- !

- H_ _H o ) polar
° N P e

A ) s molecule
e H 5 dmoe D overall
o ol Toson

5 :

Bonding, Lewis Structures, Molecular Modeling:
Computational Experiments
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Polarity & Modeling
Polarity: Molview (http://molview.org) Jmol
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Color coded electron density distribution: red-highest, blue lowest, green
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The more distinct the red —blue colors means the more polar the molecule.
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Molecular Shapes «<— Lewis Structures
MolView: Visual On-line Molecular Modeling

€5 C O 8 moMemacsn

* 0n

rme ¢ e Tore e =

8o oc +ofE  wonm

~ I Gean

- D P
——

- N MEP surface opagy

- H H o Charge

~ N -~ P Bond dipoles.

° Owmdpoe -

a | s gy itk

o H F e

. o Ownce
oy

o o Torson

o

http://chemconnectior

Computational Experiments
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Lewis Structures <= Molecular Shapes
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Lewis Structures <= Molecular Shapes
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Lewis Structures <= Molecular Shapes
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Lewis Structures <= Molecular Shapes
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Resonance Models & Lewis Structures
MolView: Carbonate Polyatomic lon
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Bonding, Lewis Structures, Molecular Modeling:
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Resonance

® Occurs when more than one valid Lewis
structure can be written for a particular

mo El EI , double
ort HIC©CH HIC/ \ClH
HC\C /CH HC%C’ _CH
H H

® An overall resonance structure is a
weighted average of all of the possible
resonance structures.

Question

Two resonance structures of benzene, a human
carcinogen, with C-C & C=C bonds are shown below.
Which statement is incorrect?

-0

A. The double headed arrow indicates that the 2
resonance structures are rapidly interchanging.

B. The normal bond length of a single bond is longer
than a double bond.

C. The best resonance structure localizes the bonds so
that the double bonds on the right are preferred.

D. The actual bond lengths in benzene are not equal to
either single or double bonds.

Answer

Two resonance structures of benzene, a human
carcinogen, with C-C & C=C bonds are shown below.
Which statement is incorrect?

-0

A. The double headed arrow indicates that the 2
resonance structures are rapidly interchanging.

B. The normal bond length of a single bond is longer
than a double bond.

C. The best resonance structure localizes the bonds so
that the double bonds on the right are preferred.

D. The actual bond lengths in benzene are not equal to
either single or double bonds.

https://www.youtube.com/watch?v=ASLUY2U1M-8

Polarity & Physical Properties

Ozone, Water, & Batteries
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Infrared- Bond Absorbances

wavelength (pm)

wavenumber (cm™)

Invisible Molecular Motions:
https://www.youtube.com/watch?v=b0IbXG0OhnOk
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Infrared- Bond Absorbances
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Infrared- Bond Absorbaces
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