Chemical Bonds
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Metallic Bonding

“Sea of Electrons” floating in metal
Electrons not attached to any specific cation
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Tonic Interactions

Total Transfer of electrons
Result = cation & anion
Held together by electronic interactions

"Taken,
not shared!"




Ionic Interactions

Atoms gain/lose electrons to mutually become “Noble”
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Gain or Lose Electron
Metals =» lose electrons '

Non-Metals =» gain or share
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Alkali metals [l semi-metals
Alkaline Earth metals | | Halogens
H Transition metals || Noble gases
_| Other metals Other non-metals

Covalent Bonding
Atoms share electrons to complete “Octet”

Two valence electrons are
shared. This gives each Fluorine
atom an octet in the valence shell

JUSy S
& e

LY

Happy fluorine atom
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Electronegativity Differences
A <0.4 =» non-polar covalent
A >0.4-1.9 <> polar covalent
A >1.9 = ionic

Electronegativity
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Multiple Bonding

Atoms reach octet by sharing more than one pair of electrons
Each shared pair constitutes a bond

One shared pair = single bond

Two shared pairs = double bond 4 0=0
Three shared pairs = triple bond 0=0 -

Central Atom Bonding Determines Molecular Shape

Number of electron bonding groups:
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Lone Pair Repulsion Finalizes Shape

# Groups Bond

Spatial Electron pair  Lone pair substitutions

Trigonal planar (sp%)

a

s ‘)’é‘-_l' s . —=. Maximize distance

Between electron pairs
Totrahedral o)

Teé )
P— Lineer

Copyright Larry P. Taylor, Ph.D.  All Rights Reserved

L5

@ Basic Chemical Theology;
°  Form & Function Intimately Related
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oday’s Lab

Purpose

Chemical Bonding

Model of an Ionic

Observe the model of the sodium chloride (NaCl) crystal

Describe its shape  (Cubic)

Are there any independent units that are “molecules” of NaCl? (No)
What is the ratio of number of Na* to CI- ion:

Making Models (Work in pairs)

Nitrogen N Blue 3 (4)
Oxygen O Red 2 (4)

Rules for constructing molecular models:
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Construct each of the following models

oxygen, O,
nitrogen, N,

carbon dioxide, C
methane, CH,

water, H,O

ethane, C,H,

ethene (ethylene), C
ethyne (acetylene), C
propane. C;H
butane,

Copyright Larry P. Taylor, Ph.D.  All Right




»‘:'M Modeling Lab

Conclusion

Elementary Modeling Site: (Optional)

rsonal.umich.edu/~Ipt/Modeling/l:

Let’s Boldly Go Explore Today’s Lab

Using the Prentice-Hall Molecular Modeling Set

Single Bond
= e

~ Multiple Bond




Atmospheric Gases

Oxygen: O,

Nitrogen: N,
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Greenhouse Gases

Carbon Dioxide: C

Methane:
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Others

Water: H,0
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Models Explain/Predict Molecular Behavior

Methane Compared To Water

Ammonia Compared To Water
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Others

rbon Tetrachloride: CCl,
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Molecule With Rendering Problem

Carbon Monoxid

CO Molecule Explained By Quantum Mechanical Orbital Mixing (Hyk zed Orbitals)

Orbital Electrons “Resonate” (Diff and simultaneously occupy several regions)
None of the representations below e:
provide visualization of potential mixing of multiple bonding scenarios

CO Resonance Hybrid Structures
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(C=0: =-——
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Failure Of Lewis Dot & Simple Models To Represent
Bonding & Geometry of Many Molecules Led To:

Orbital Mixing

Hybrid Orbitals

Simple Organic (Carbon-Containing) Molecules

Ethane: C,H,

Ethane: C,H
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Simple Organic (Carbon-Containing) Molecules

Ethylene (Ethene): C,H,

Acetylene (Ethyne) : C,H,
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Simple Organic (Carbon-Containing) Molecules

Propane

Butane

Copyright Larry P. Taylor, Ph.D.  All Rights R

Lab 15 Questions

Do the covalent molecules as independent units? Explain.

List the advantages / disadvantages of using ball-and-stick models.

Based on electronegativity, predict the type of bond for:

Electronegativity

A<04 => non-polar covalent
A<0.4-1.9 => polar covalent
A>19 => ionic
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Which bond is least polar? Which bond is most polar?
H—O H— H—P H—C

A<04 =>» non-polar covalent

A<0.4-1.9 < polar covalent
A>1.9 =» ionic

H-P < H-C < H-S < H-O

H-P least polar
H-O most polar

Most Polar of all
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Chemistry is a 3D Process
Molecular Models Facilitate Understanding
of Chemical Properties and Reactions
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Louis Pasteur
Mid-1800’s

Promoted germ theory of disease

. Developed Pasteurization process
Debunked spontaneous generation of life
Developed cure for anthrax & rabies
Discovered stereoisomers using polarized light

The more
Acquired knowledge

The More Doors Will Open For You
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Hopefully

Problems Solving ,
What is the nature of the problem? (Needed)

How do I get from Known to Needed?

Sl Will stay with you
& Fe% 8 long after
memories of this class
have faded
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Live Long
And .
Prosper!
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