Chapter 10

Liquids and Solids

Chapter Objectives:  With solids and liquids, intermolecular forces play an important role in their physical and chemical properties.  This chapter will examine different types of forces in solids and liquids.
Reading:  Pgs. 454 – 498 but only read sections 10.1, 10.2, 10.4, 10.5, and 10.8!! The rest has been removed from the AP curriculum. (
Problems:  

PS 10-1:  Reading:  Sections 10.1, 10.2 10.4, and 10.5 

Problems: pg. 499 (# 13, 19 – 27odd, 31, 35 – 45odd)
PS 10-2: Reading: Section 10.8


Problems: pg. 504 (# 96, 97, 99, 110, 111, 121)
You should be able to:
1. Describe intermolecular forces.

2. Define vaporization and the enthalpy of vaporization.

3. Define vapor pressure and know the relationship between vapor pressure and boiling point.

4. Define critical point, critical temperature and critical pressure.

5. Describe phase changes.

6. Define sublimation and relate the enthalpy of sublimation to the enthalpy of fusion and the enthalpy of vaporization.

7. Describe dispersion forces and the various types of dispersion forces.

8. Know which properties are affected by intermolecular forces.

9. Define a network covalent solid and give an example.  Relate the attractive forces in an ionic solid to the charge on the ions and the ionic radii.

Chapter 10: Liquids and Solids

10.1  Intermolecular Forces

A.  Dipole-Dipole Forces



1.  Occurs between 2 polar molecules.

2.  Attraction between molecules with dipole moments 



a.  Maximizes (+) -----(-) interactions




b.  Minimizes (+)------(+) and (-)------(-) interactions



3.  About 1% of the strength of ionic bonds.




a.  Unimportant in gas phase due to distance between molecules


B.  Hydrogen Bonding

1.  Occurs between H of one molecule and either N, O, or F of  a DIFFERENT

     molecule.

2.  Special dipole-dipole attraction




a.  Hydrogen covalently bonded to highly electronegative elements 

                (N, O, F) has a higher than normal δ+ charge.

3.  Bond strength is higher than other dipole-dipole attractions

4.  Important in the bonding of molecules such as water and DNA


C.  London Dispersion Forces



1.  Occurs between 2 nonpolar molecules.

2.  Instantaneous dipoles


a.  Random movement of electrons can create a momentary

                 nonsymmetrical distribution of charge, even in nonpolar molecules.


b.  Instantaneous dipoles can induce a short-lived dipole in a neighboring molecule.

3.  London dispersion forces exist between all molecules, but are the weakest forces of attraction.

4.  “Polarizability” increases with the number of electrons in a molecule.


a.  CCl4 experiences greater London forces than CH4.

5.  A long string (C7H16) has higher dispersion than a compact molecule (CH3(CH3)2CH3)

10.2  The Liquid State


A.  Surface Tension



1.  The resistance of a liquid to an increase in its surface area.



2.  High intermolecular forces greater with high surface tension


B.  Capillary Action



1.  Cohesive forces between liquid molecules.



2.  Adhesive forces between polar liquid molecules and polar bonds in the material making up

                             the container.

a. Water’s adhesive forces are greater than its cohesive forces, thus the increase in

surface area (concave meniscus).

b. Oxygen in glass is attracted to hydrogen in water.

C.  Viscosity


1.  Measure of a liquid’s resistance to flow.



a.  Viscosity increases with intermolecular forces.



b.  Viscosity increases with molecular size.

D.  Structural Model for Liquids


1.  Strong intermolecular forces (like solids)


2.  Considerable molecular motion (like gases)

10.4  Structure and Bonding in Metals


A.  Electron Sea Model of Bonding for Metals



1. Metal cations


2. Mobile sea of valence electrons that conduct heat and electricity

B.  Metal Alloys


1.  Alloys are substances that contain a mixture of elements and have metallic properties.


2. Two types of alloys:



a. Substitutional alloy – some of the host metal atoms are replaced by other metal atoms

                                                              of similar size. For example, in brass, about 1/3 of the atoms in

                                                              the host copper metal have been replaced by zinc atoms.

b. Interstitial alloy – some of the interstices (holes) in the closest packed metal structure

                                                                        are occupied by small atoms. For example, steel contains carbon

                                                                         atoms in the holes of an iron crystal.

10.5  Carbon and Silicon:  Network Atomic Solids


A.  Network Solids



1.  Atomic solids with strong directional covalent bonds.


B.  Diamond



1.  Extremely strong bonds formed by overlap of hybridized sp3 orbitals.


C.  Graphite



1.  Strong σ bonds between carbons in fused rings, using sp2 hybridization.



2.  π molecular orbitals provide weaker π bonding between layers.


D.  Silica



1.  Quartz (SiO2), sand, and glass all contain silica.


E.  Ceramics



1.  Made from clays containing silicates (silicon-oxygen anions)


F.  Semiconductors



1.  Conductivity is between metals and nonmetals.

10.8 Vapor Pressure and Changes of State


A.  Vaporization (Evaporation)



1.  The escape of molecules of a liquid from the surface to form a gas.



2.  Vaporization is always endothermic.




a. Heat of vaporization (Enthalpy of vaporization, ΔHvap) is the energy required to 



                vaporize one mole of liquid at 1 atm.


B.  Vapor Pressure



1.  Pressure of the vapor present at equilibrium (also called equilibrium vapor pressure)


                 ***Remember vapor pressure corrections made in gas law problems involving water displacement.



2.  Variation in Vapor Pressure




a. Liquids with high intermolecular attraction have relatively low vapor pressures.
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b. Liquid with low IMFs have relatively high vapor pressures (they are “volatile”)




c. Vapor pressure increases with temperature

Note: When calculating vapor pressure, you can use PV = nRT 

                                                 or derive the density equation PM = DRT (remember “evening dirt”)

C.  Sublimation



1.  A process in which a substance goes directly from the solid to the gaseous state.



2.  Reasons for sublimation




a.  Solids have vapor pressure, but it is normally very low.




b.  Solids with little intermolecular attraction may have substantial vapor pressures and be

                                         able to sublime at room conditions.
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D.  Changes of State


1.  Heating Curve

a.  Note that temperature remains constant during a phase change.




b.  Use a separate calculation for each step on the heating curve!!



2.  For energy changes that DON’T involve changing states of matter, use: q=mC∆T




(m = mass (g);   C = specific heat (J/goC);     ∆T = (Tf – Ti) in oC)

3.  For solid ( liquid or liquid ( solid, use:  q = m ΔHfus 

a.  ΔHfus - the heat of fusion (enthalpy of fusion) – Energy required to convert a mole of

                                                                       solid substance to a mole of liquid substance. 
b.  ΔHfus  for water is 334 J/g



4.  For liquid ( gas or gas  ( liquid, use:  q = m∆Hvap



a.  ∆Hvap – the heat of vaporization (enthalpy of vaporization) – Energy required to

                                                                                convert a mole of liquid substance to a mole of gas substance.

5.  Normal melting point




a.  The temperature at which the solid and liquid states have the same vapor pressure




     under conditions where the total pressure is 1 atm.



6.  Normal boiling point




a.  The temperature at which the vapor pressure of the liquid is exactly 1 atm.



7.  Supercooling




a.  Rapid cooling of a liquid may allow it to exist as a liquid at temperatures below its




     normal melting point.





(1)  Quick temperature change does not allow time for molecules to become





      organized as they must be to become solids.





(2)  When crystallization does begin, it occurs rapidly.



8.  Superheating




a.  Rapid heating of a liquid may allow it to exist as a liquid at temperatures above the




     normal boiling point.





(1)  Not enough high energy molecules accumulate in one place to form bubbles.





(2)  When bubbles do form, they tend to be very large.





(3)  Superheating can be avoided by adding boiling chips.


9.  Calorimetry - is the science of measuring the heat of chemical reactions or physical changes.




a.  Law of Conservation of Energy – Energy cannot be created or destroyed.




b.  If a closed container is used, theoretically, the heat lost by one system should be equal

                                         to the heat gained by the other system:  (+ qgained ) =  (– qlost )
