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A MOIECUIar Comparison Of LIqUIdS and Figure 16.47: The number of molecules in a liquid with a

SOl IdS given energy versus kinetic energy at two temperatures.
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Figure 16.50: The heating curve for a given quantity c i q
of water where energy is added at a constant rate. Figure 16.55: The phase diagram for water
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he 3 Most CommonStates “of Earthbound Creatures”

Plasmas — The fourth
phase of matter

Plasma Phase Forms
Some ions and electrons

Atoms - Molecules
Dissociate

Gas Phase
Atoms/Molecules

A Gas: Molecules are B Liquid: Molecules are € Solid: Molecules are

far apart and fill the close together but move close together, packed

available space relalive to each ather in a regular array, and
mave very litile relative Solid Phase
to each othar.

Crystals, Networks
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The Sun - 99.8% Mass of Solar System, Plasma I nte rmolecu Iar FO rces
The Structure of the Sun he-covalent| ng-a-molecule together-is-an
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Larger INTERmolecular forces — Intermolecular Forces

+ Covalent bond

(slrﬁng)

Intermolecular
aftraction (weak)
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Intermolecular Forces
Table of Force Energies

Type of Force Energy (kJ/mol)
lonic Bond 300-600

Covalent 200-400
Hydrogen Bonding 20-40

lon-Dipole 10-20
Dipole-Dipole 1-5
Instantaneous Dipole/

Induced Dipole 0.05-2
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Intermolecular Forces Intermolecular Forces

lon-ion Forces lon-Dipole Forces
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Intermolecular Forces

Intermokcular Forces hetw een dipoles

Intermolecular Forces Intermolecular Forces

London Dispersion Forces

Attraction
Repulsion




Intermolecular Forces London Dispersion Forces

Electrons temp ararily shified 1o one side

of the atemi. Thir side develop: a pariial
negatve charge, Neighboring atoms respond
with partialcharges of their own.

London Dispersion Forces

Electrostatic
attraction

Helium atom 1 Helium atom 2

Convriaht © Houahton Miffin Company. Al riahts reserved.

Intermolecular Forces

Dispersion

Forces Atom A Atom B Molecule A Molecule B
No polarization No polarization . A varaal Errayam
n Dispersion -orces
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Atom A Alem B Molecule A Molecule B
Instantancous dipole on atom A Instantancous dipole on molecule A
induces a dipole on atom B induces a dipole on molecule B
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Alom A Alom B Maolecule A Molecule B
{a} (b)

Coovriaht © Houahton Mifflin Con Convriaht © Houahton Mifflin Companv. Al riahts reserved




Intermolecular Forces H-Bonding
London Dispersion Forces
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ydrogen Bonding in

ater Molecules Why Does Ice Float?




TABLE 16.1 Densities of the Three
States of Water

Density
State (g/em?)

Solid (0°C, 1 atm) 0.9168
Liquid (25°C, 1 atm) 0.9971
Gas (400°C, 1 atm) 3.26 x 107
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Structure of Ice
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The Boiling Points of the Covalent Hydrides of the Elements in Groups
4A, 5A, 6A, and 7A

DNA Double Helix-Held Together with
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Three Components of DNA Structure
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| r " base: thymine
“wT 0 (pyrimidine)

base:ad
(purine)

Pyrimidines used in Base Pairs, DNA
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Purines used in Base Pairs, DNA DNA Base Pairing
PURDNES PYRAMIDINES
Adenine 4 N A Guanine

Cytosine

Convriaht © Houahton Mifflin Company. All riahts reserved.

Copvriaht © Houahton Miffiin C

A-T and G-C Base Pairs Hold the DNA helices
together

A-T and G-C Base Pairs Hold the DNA helices

together
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A-T and G-C Base Pairs Hold the DNA helices
together
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A-T and G-C Base Pairs Hold the DNA helices
together

Convriaht © Houahton Miffin Company. Al riahts reserved.

A-T and G-C Base Pairs Hold the DNA helices
together
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Base Pairs Double Helix
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Hydrogen-Bonding’s Role in DNA Structure
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Table of Force Energies

Type of Force Energy (kJ/mol)

lonic Bond

Covalent

Hydrogen Bonding
lon-Dipole
Dipole-Dipole
Instantaneous Dipole/
Induced Dipole
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300-600
200-400
20-40
10-20
iES

0.05-2

Intermolecular Forces Summary

Interacting molecules or ions,

i

A
o Are 0 YES Are polar
- polar molecules ,Arel'm;,  molecules andions
i involved? IIVCIVE! both present?
| YES |
| 1
| 2 1
| Are hydrogen |
| atoms bonded to N, ¥ES
] 0O, or F atoms?
| | |
| INO |ves |
' 'd ’ ¢

]
|
|

¢

Lendon forces only Dipole-dipole Hydrogen bonding  lon-dipole forces lenie banding
(induced dipoles) forces
Examples: liquid
Examples: Ar(), Examples: HyS, and solid H,O, Example: KBr in Examples:
15(s) CHLCI NH., F X NaCl, NH,NO,
| Intermolecul Intr: lecular

van der Waals forces

TABLE 16.2 The Freezing Points of

the Group 8A Elements

Element

Freezing Point (°C)

Helium* —269.7
Neon —248.6
Argon —189.4
Krypton —157%:3
Xenon =119

*Helium is the only liquid that does not
freeze when the temperature is lowered
at 1 atm. It will freeze only if more

pressure is applied.
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Which forces?

Relative forces

Some Properties of Liquids
Viscosi

Some Properties of Liquids
Viscosi
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A molecule in the interior of a liquid is attracted to the molecules
surrounding it, whereas a molecule at the surface of liquid is attracted
only by molecules below it and on each side of it.

Some Properties of Liquids
Surface Tension -

Some Properties of Liquids
Surface Tension
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Water Strider (Hemiptera: Gerridae)
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Surface Tension Mercury
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Some Properties of Liquids
Surface Tension
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Capillary Action

The tendency of certain liquids to rise in a
narrow tube.

forces.
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Larger INTERmolecular forces —
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