	· Chapter 11 Summary Notes

	Main Concepts
	Explanations

	· INTRAmolecular Forces: the forces holding atoms together to form moleculs

· INTERmolecular Forces: Forces between molecules between ions, or between molecules and ions

Intermolecular Forces (IMF)

-IMF < intramolecular forces (covalent, metallic, ionic bonds)

-IMF strength: solids>liquids>gases

-Types of IMFs Ion-Ion Forces, Ion-Dipole Forces, Dipole-Dipole Forces, H-bonds extreme dipole-dipole, LDFs
Types of IMF
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Electrostatic Forces: act over larger distances in accordance with Coulomb’s Law
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Ion-Dipole: between an ion and a dipole (a neutral, polar molecule has separate partial charges)

-Increasing with increasing polarity of molecule and increasing ion charge

· Ion-Permanent Dipole

-Water is highly polar and can interact with positive ions to give hydrated ions in water
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-Attraction between ions and dipole depends on ion charge and ion-dipole distance

· Dipole-Dipole

-Weakest electrostatic force (not all IMFs, LDFs weaker than dipole-dipole); exist between neutral polar molecules

-Increase with increasing polarity (dipole moment) of molecule

· Hydrogen Bonds (H-bonds)

-H is unique among elements because it has a single e- that is also a valence e-
-When e- is “hogged” by a highly electronegative atom (very polar covalent bond), the H nucleus is partially exposed and becomes attracted to e- rich atom nearby
-Explains why ice floats on water,  has lattice-like structure, explains why molecules with H-bonds have higher boiling points, H-bonding in water, O -H bond is very polar
· H-bonding in biology
-DNA bases bind to each other due to specific hydrogen bonding between Lewis Bases
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Inductive Forces arise from induced distortion of e- cloud 
· London Dispersion: between polar or nonpolar molecules or atoms, but is generally mentioned for non polar molecules when other forces are absent. Very weak, motion of e- creates an instantaneous dipole moment which induces a dipole in an adjacent atom

· Nonpolar molecules can dissolve in water due to LDFs. Water induces a dipole in electron cloud. Solubility increases with mass of gas due to greater distortion.
· When induced forces between molecules are very weak, the solid will sublime (solid to gas)

Liquids
· Molecules are in constant motion, molecules close together

· Liquids are almost incompressible

Evaporation

-To evaporate, molecules must have sufficient energy to break IMFs

-Condensation is reverse (remove energy and make IM bonds)

· Vapor Pressure

· Heat of Vaporization heat required (at constant P) to vaporize the liquid
· Equilibrium vapor pressure & the Clausius-Clapeyron Equation

· Used to find ∆vapH˚

· Logarithm of vapor pressure P is proportional to ∆vapH˚ and to 1/T

· lnP = -(∆vapH˚/RT) + C

· Surface Tension leads to spherical liquid droplets
· Properties resulting from IMFs

· Viscosity: resistance of a liquid to flow

· Surface Tension: energy required to increase the surface area of a liquid

· Intermolecular forces lead to capillary action and concave meniscus for a water column

-Capillary Action: movement of water up a piece of paper depends on the H-bonds between H2O and the OH groups of the cellulose in the paper
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· Cohesion: attraction of molecules for other molecules of the same compound

· Adhesion: attraction of molecules for a surface

· Meniscus: curved upper surface of a liquid in a container; a relative measure of adhesive and cohesive forces

· London Dispersion Forces

-Increase with increasing molar weight, increasing # of e-, increasing # of atoms

-“Longer” shapes (more likely to interact with other molecules)

· Phase Changes

-Endothermic: melting, vaporization, sublimation

-Exothermic: condensation, freezing, deposition
Structures of solids

· Amorphous: without orderly structure (ex. Rubber, glass)

· Crystalline: repeating structure; have many different stacking patterns based on chemical formula, atomic or ionic sizes, and bonding 

Types of Crystalline Solids:

-Atomic: Properties: poor conductors, low melting point

-Molecular: Properties: poor conductors, low to moderate melting point

-Ionic: Properties:hard and brittle, high melting point, poor conductors, some solubility in H2O

-Covalent (a.k.a. covalent network): Properties: very hard, very high melting point, generally insoluble, variable conductivity

-Metallic: Properties: excellent conductors, malleable, ductile, high but wide range of melting points
	Boiling points and melting points are good indicators of relative IMF strength
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Approximate

Type of Interaction Factors Responsible for Interaction Energy (k)/mol)  Example

Ton-dipole Ton change, magnitude of dipole 40-600 Na* ... H0

Dipole-dipole Dipole moment (depends on atom electronegativities and molecular 20-30 H0 . . . CHyOH
structure)

Hydrogen bonding, Very polar X—H bond (where X = F, N, 0) and atom Y with lone pair 5-30 H0 . .. H0

X—H . ..Y of electrons

Dipole/induced dipole Dipole moment of polar molecule and polarizability of nonpolar 2-10 Ho...T
molecule

Induced dipole/induced dipole  Polarizability 0.05-40 Typossily

(London dispersion forces)
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