Intermolecular Forces, Liquids, and Solids

Chapter 11

|ntermolecular Forces, Liquids,
and Solids

Chapter 11 suggested problems
10th Ed.: 9, 11, 15, 17, 19, 23, 25, 39, 45, 55, 79, 85, 88

Class Notes

I. A molecular comparison of gases, liquids, and solids

A. Gases: no fixed volume or shape, particles far gpart and do not interact;
compressible

B. Liquids fixed volume, no fixed shape, particles close together and interact weekly;
non-compressible

C. Sdlids. fixed volume and shape, particles very close together and do interact
strongly; non-compressible

D. Gasesand liquids are fluids - flowable and pourable

E. Solidsand liquids are referred to as condensed phases since thereis little space
between the particles at amolecular level and it is difficult to force the particles
closer together

F. Solids can befluidized but remain solids at amolecular leve
1. Intermolecular forces
A. The digtinction between intramolecular forces and intermolecular forces

B. Forces between molecules are based on dectrostatic interactions, just as the forces
between atoms within a molecule are based on ectrostatic attractions

1. Hooke's law
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C. Ingenerd these forces are 1-2 orders of magnitude weaker than ionic and covaent
bonds

D. London forces (digpersion forces, induced dipole-induced dipole interactions)

1. Thereault of ingantaneous dipoles inducing dipole moments in adjacent
molecules and the propagetion of this phenomena

2. Generdly very week, but can become sgnificant in large and polarizable
molecules (electron cloud is distorted)

3. Present between dl moleculesin dl substancesin the liquid and solid Sates
E. Dipole-dipoleinteractions
1. Caused by the dignment of polar molecules with respect to one another

2. The greater the dipole moment, the stronger the interactions (i.e., more polar
molecules bond more strongly)

3. A grong (relatively spesking) intermolecular force

4. Can*only* occur in polar substances (i.e. substances with polar molecules)
F. Hydrogen bonds

1. Specid case of dipole-dipole interaction

2. Occur when H isbonded to N, O, F

3. Duetolarge LJEN between hydrogenand N, O, F

4. The polarity of the X-H bond resultsin a particularly strong dipole-dipole
interaction

5. Can be up to 10% as strong as covaent bonds
6. Responsble for numerous "aberraions’ in chemigtry
7. Some substances are cagpable of forming multiple H-bonds (e.g. diols)

8. Areonly found * between* molecules, * never* within molecules - unlessthey
are very large molecules such nucleic acid sirands, proteins, etc.

G. van der Wadsforces: (vdW interactions) the generic name for London forces,
dipole-induced dipole interactions, dipole-dipole interactions, and hydrogen bonds

H. lon-dipole interactions are the interactions that occur between ions and polar
molecules; stronger than hydrogen bonds
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I. Explain the following data
substance | BP (°C) | solubility || substance | BP (°C) || solubility
methane -162 no methanol 65 yes
ethane -89 no ethanol 78 yes
propane -42 no 1-propanal 97 yes
butane -1 no 1-butanol 117 moderate
pentane 36 no 1-pentanal 138 dight
hexane 69 no 1-hexanol 158 no

J. Intermolecular forces are found in all substances, atomic and molecular. Predict the
types of IM forces found in liquid:

1.

2.

5.

6.

Argon
Nitrogen

| so-octane
Acetone
Acetic acid

Ethylene glycol

K. Viscogty and surface tenson are the result of intermolecular forces

[11. Phase changes

A. Types of phase changes and related phenomena

1

2.

Méiting, bailing, sublimation, condensation, freezing, deposition

Vapor pressure: in an equilibrium system of liquid and vapor, the partid
pressure of vapor over theliquid

Normd boailing point: the temperature a which the VP of aliquid is equd to
atmospheric pressure

Normd freezing point: the temperature a which the |-s trangtion occurs a
atmospheric pressure

B. Enthapy of trangtion and heet curves
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1. Different specific heats ((JgeK): ice - 2.092, water - 4.184, steam - 1.841)
result in different dopes

C. Phasediagrams

supercritical

melting +——*

solid

Pressure

sublimation
deposition

Temperature

1. Mdting point curve
2. Vagpor pressure curve
3. Triple point
4. Criticd point
IV. Typesand structures of solids
A. Metdlic - "electron sea' mode

B. lonic - 3-D network of ionic bonds, the actud type of bond in many crystdline
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solids of ionic compounds

. Covdent (covaent network) - 3-D network of covaent bonds; asin diamond,
graphite, slicon dioxide, eic.

. Molecular - the result of van der Waasforces

. MP and BP are afunction of the strength of the IM forces in the substance
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