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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 

the portion of its 

container it occupies,

but not the volume

Maintains a fixed shape

and volume

Highly compressible
Not really  

compressible
Not compressible

Viscosity 

Low viscous

Viscosity 

Moderate viscous

Viscosity 

High viscous





11-2 Intermolecular Forces

van der Waals forces



Dispersion Forces

London dispersion 

forces or induced 

dipole–induced dipole 

interactions



Dispersion forces tend to increase in strength with increasing 

molecular weight.



Molecular shape affects intermolecular attraction



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.



Moving from left to right, do the dispersion forces get stronger, get 

weaker, or stay roughly the same in the molecules  shown here?

For molecules of approximately equal mass and size, the strength of 

intermolecular attractions increases with increasing polarity



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



Covalent Bonds vs Hydrogen Bonds



EXAMPLE 

In which of these substances is hydrogen bonding likely to play an 

important role in determining physical properties: methane (CH4), 

hydrazine (H2NNH2), methyl fluoride (CH3F), hydrogen sulfide (H2S)

CH4 and H2S do not contain H bonded to N, O, or F

➔ Eliminate CH4 and H2S

CH3F contain C – H and C – F bonds, not H – F bond

➔ Eliminate CH3F

H2NNH2 contain N – H bond, and each N has a lone pair



Ion–Dipole Forces



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



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



List the substances BaCl2, H2, CO, HF, and Ne in order of 

increasing boiling point.

EXAMPLE 

• The attractive forces are stronger for ionic substances than for 

molecular ones ➔ BaCl2 should have the highest boiling point

< BaCl2

• The intermolecular forces of the remaining substances depend on 

• molecular weight,

• polarity, 

• hydrogen bonding

H2: 2; CO: 28; HF: 20; and Ne: 20

H2, Ne: non polar ; CO: slightly polar, HF: polar

HF can hydrogen bond: polar

H2 < < HF< CONe



11-3 Select Properties of Liquids

Viscosity Surface Tension



Capillary Action



11-4 Phase Changes



Energy Changes Accompanying Phase Changes

 Melting

• heat of fusion or enthalpy of fusion, ∆Hfus

 Vaporization

• heat of vaporization or enthalpy of vaporization, ∆Hvap

 Sublimation

• heat of sublimation, ∆Hsub

∆Hsub = ∆Hfus + ∆Hvap





Heating Curves



Critical Temperature and Pressure

Triple point

critical point

“liquid plasma”



The greater the intermolecular forces, the higher the critical 

temperature of a substance



11-5 Vapor Pressure

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



Vapor Pressure and Boiling Point

The boiling point of a liquid at 1 atm (760 torr) pressure is called its 

normal boiling point



11-6 Phase Diagram

The red curve is the vapor-pressure curve

The green curve is the sublimation curve

The blue curve is the melting curve



The Phase Diagrams of H2O and CO2

Phase diagram of CO2.Phase diagram of H2O
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