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10-1 A Molecular Comparison of Gases, Liquids, and Solids

Gas

Liquid

Solid

Assumes the shape and

volume of Its container

Assumes the shape of
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but not the volume

Maintains a fixed shape
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High viscous




Strength of intermolecular attractions increasing
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11-2 Intermolecular Forces

TABLE 11.2 Melting and Boiling Points of Representative Substances

Force Holding Melting Boiling
Particles Together Substance Point (K) Point (K)
Chemical bonds

lonic bonds Lithium fluoride (LiF) 1118 1549
Metallic bonds Beryllium (Be) 1560 2742
Covalent bonds Diamond (C) 3800 4300
mtermolacular forces

Dis per sion foroes Nitrogen (N3) 63 i
Dipole-dipole interactions Hydrogen chloride (HCI) 158 188
Hydrogen bonding Hydrogen fluoride (HF) 190 203

van der Waals forces



Dispersion Forces

Electrostatic attraction
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Dispersion forces tend to increase in strength with increasing
molecular weight.
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Molecular shape affects intermolecular attraction

Spherical molecule—sma er surface

area giminsnhes ntermoecuar contact
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Dipole—Dipole Interactions

¢ dipole—dipole interactions originate from electrostatic attractions
between the partially positive end of one molecule and the
partially negative end of a neighboring molecule.

Attractive dipole=dipole force (red) Repulsive dipole=dipole force (blue)

(a) Solid CH3CN (b) Liquid CH;CN



Moving from left to right, do the dispersion forces get stronger, get
weaker, or stay roughly the same in the molecules shown here?

AL
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Propane Dimethyl ether Acetaldehyde Acetonitrile
CH,CH,CH, CH,OCH, CH,CHO CH,CN
MW = 4% amu MW = 46 amu MW =& amu MW = 41 amu
u=01D u=13D w=27D w=39D
bp=231K bp=248K bp=294K bp=355K

For molecules of approximately equal mass and size, the strength of
Intermolecular attractions increases with increasing polarity
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Hydrogen Bonding

A hydrogen bond is an attraction between a hydrogen atom attached to
a highly electronegative atom (usually F, O, or N) and a nearby small
electronegative atom in another molecule or chemical group
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Covalent Bonds vs Hydrogen Bonds

Covalent bond, Hydrogen bond,
i tramolecular intermolecular

I
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EXAMPLE

In which of these substances is hydrogen bonding likely to play an
important role in determining physical properties: methane (CH,),
hydrazine (H,NNH,), methyl fluoride (CHF), hydrogen sulfide (H,S)

CH, and H,S do not contain H bonded to N, O, or F
=» Eliminate CH, and H,S

CH,F contain C — H and C — F bonds, not H — F bond
=>» Eliminate CH,;F

H,NNH, contain N — H bond, and each N has a lone pair

H H H H
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lon—Dipole Forces
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Comparing Intermolecular Forces

1. When the molecules of two substances have comparable
molecular weights and shapes, dispersion forces are approximately
equal in the two substances.

2. When the molecules of two substances differ widely inmolecular
weights, and there is no hydrogen bonding, dispersion forces tend to
determine which substance has the stronger intermolecular
attractions.



Flowchart for determining intermolecular forces

MO Are fons

[ present? ]
N Are polar Are polar MO

gr— molecules molecules —

present? present?
l‘fES YES
Are H atoms YES
bonded to
N, O, and F atoms?
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Comparing Intermolecular Forces

The greater the number of hydrogen bonds possible, the more
tightly the molecules are held together and, therefore, the higher the
boiling point

Ezch molecule can form one
hydrogen Sond with a neghoor

fydrogen bonds with 2 neghbor 4

[ Each molecule can form two J

Acetic acid, CH;COOH
;:1\\1‘;9610 Qmu 1-Propanol, CH;CH,CH;OH
p= MW = 60 amu

bp=370K



EXAMPLE

List the substances BaCl,, H,, CO, HF, and Ne in order of
Increasing boiling point.

H,<  Ne <CO <HF <BaCl

« The attractive forces are stronger for ionic substances than for
molecular ones =» BacCl, should have the highest boiling point

« The intermolecular forces of the remaining substances depend on
molecular weight, H,: 2; CO: 28; HF: 20; and Ne: 20

polarity, H,, Ne: non polar ; CO: slightly polar, HF: polar
hydrogen bonding HF can hydrogen bond: polar



11-3 Select Properties of Liquids

Surface Tension

On any surface molecule,
there 5 no upward force to
cance! the downward force,
which means each surface
molecule ‘feeis" 2 net
downward cu!

SAE 40 SAE10 290796590 005950

higher number  lower number %OO 80 0.9 o0 {

higher viscosity lower viscosity QE)OO 3) A OOOO

sower pouring  faster pouring b 90 00 SO 00 V50
"0

Cn any mteror molecule, each force s ]

talanced by a force puling in the opposte
directon, which means that interior
molecules ‘fee no net cull i any
drecton




Capillary Action

Water Mercury

Hg=-glass
adhesive forces

H,O=-glass

adhesive forces

~H,0-H,0 Hg-Hg
ahesive forces ahesive forces

[ Beczuse adhesve > conesve, | " Baczuse conesye > zdnasve |
H,O molecules touching glass Hg molecules touching glass
adhere to the wall more than adnhere to the wa' 'ess than
to each other, forming to each other, forming
concave surface | convex surface




11-4 Phase Changes
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Energy Changes Accompanying Phase Changes

¢ Melting
 heat of fusion or enthalpy of fusion, AHs

H,O(s) = H,0(l) AH = 601k]

¢ \Vaporization

e heat of vaporization or enthalpy of vaporization, AH,

H,0(l) — H,0(g) AH = 40.7k]

¢ Sublimation
e heat of sublimation, AH,,
AHsub — AHfus T AHvap



Heat of phase change (k] /maol)
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Heating Curves
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Pressure (atm)

Critical Temperature and Pressure
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Table 11.6 Critical Temperatures and Pressures of Selected Substances

Critical Critical

Substance Temperature (K) Fresgure (atm)
Nitrogen, N3 126.1 33.5
Argon, Ar 150.9 48.0
Creygen, O 154.4 49.7
Methane, CH, 190.0 45.4
Carbon dioxide, CO, 304.3 73.0
Phosphine, PHy 324 4 64,5
Propane, CH,CH,CH, 370.0 42.0
Hydrogen sulfide, HsS 373.5 88.9
Ammonia, NH; 415.6 111.5
Water, H,O 647.6 217.7

The greater the intermolecular forces, the higher the critical
temperature of a substance



Evacuated flask, Molecules begin to Molecules leave and
pressure zero vaporize, pressure enter liquid at equal
increases rates, pressure reaches
steadvy-state value

The vapor pressure of a liquid is the pressure exerted by its vapor
when the liquid and vapor are in dynamic equilibrium



Volatility, Vapor Pressure, and Temperature
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Vapor Pressure and Boiling Point
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The boiling point of a liquid at 1 atm (760 torr) pressure is called its
normal boiling point



11-6 Phase Diagram
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The red curve Is the vapor-pressure curve
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The blue curve is the melting curve



'ressure (atm)

10°
10°

10

10-1
10-2
10-3

10°4

=20

The Phase Diagrams of H,O and CO,
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