AP Chemistry

Chapter 11 Outline: States of Matter and Intermolecular Forces

Intermolecular vs. Intramolecular attractions

-Intermolecular forces are between molecules and involve forces such as dispersion, dipole and hydrogen bonding.

-Intramolecular forces are within the molecule itself and are more related to electronegativities, formal charge and bond energy.

Properties of the three common states of matter:

Gas:  Expands to fill its container; neither fixed volume or shape; easily compressed

Liquid:  Fixed volume; takes on the shape of its container; nearly incompressible

Solid:  Fixed volume and shape; nearly incompressible

Phase changes:

Melting (fusion):
solid ( liquid

Freezing:

liquid ( solid

Vaporization:

liquid ( gas

Condensation

gas ( liquid

Sublimation:

solid ( gas

Deposition:

gas ( solid

The term vapor is used over gas for those substances that are more commonly found in the liquid or gas state under normal conditions.

Enthapies:

Condensation/Vaporization:


Expressed in kJ/mol


The temperature of a substance does not change during a phase transition


Vaporization is endothermic and has a positive enthalpy


Condensation is exothermic and has a negative enthanlpy


(Hcond = -(Hvap
Freezing/Melting:


Freezing = Enthalpy of fusion; Melting = -Enthalpy of fusion

Vapor Pressure:  The equilibrium pressure inside a closed container at a particular temperature.  Equilibrium is established when the rate of vaporization = rate of condensation.

Vapor pressure is a function of intermolecular forces.  The weaker the intermolecular attraction the greater the vapor pressure at a given temperature.

Vapor pressure for liquids increase with temperature.

Vapor pressure curves plot pressure as a function of temperature for a given liquid.

Try exercises 11.3A and 11.3B on page 463.  (Answers on page A60, appendix F)

Boiling Point:  Boiling occurs in an open container when the vapor pressure of the liquid equals the prevailing atmospheric pressure.  Vapor forms not only on the surface of the liquid but within the liquid itself.  If the vapor pressure is less than atmospheric pressure then any incident bubbles within the liquid will be collapsed.

Normal boiling point is the boiling point of a liquid at 1atm of pressure.

Important Point:  Boiling is a function of both pressure and temperature.

Remember:  During a phase change, all of the energy absorbed or released goes into the breaking and forming of intermolecular bonds.  NO TEMPERATURE CHANGE TAKES PLACE.

Critical Point:  In a closed container a liquid is not allowed to boil and the vapor pressure continues to increase.  The density of the liquid decreases and that of the vapor increases to the point where the two are equal.  At this temperature and pressure the liquid and gas phase of the substance becomes indistinguishable.  The critical point for a substance occurs at its critical temperature, Tc and critical pressure, Pc.

At the critical point, substances are said to be supercritical fluids (liquids and gases are both considered fluids).  Density is similar to a liquid, but flow and diffusion are more like a gas.

Try exercise 11.4 on page 468 (Answer on page A60, appendix F)

Phase Changes Involving Solids:

Melting = endothermic; Freezing = exothermic

Melting points vary slightly with pressure.  "Normal" melting points given in tables are usually at 1 atm pressure.

Quantity of heat needed to melt a solid:  Enthalpy (heat) of fusion, (Hfusion, in kJ/mol

Enthalpy of freezing = - Enthalpy of fusion

A plot of temperature vs. time as temperature decreases with time is known as a cooling curve.

Supercooling:  Occurs when liquids are cooled rapidly below freezing point in the absence of crystallization centers, or sites.  Liquid is in an unstable state.

A plot of temperature vs. time as temperature increases with time is known as a heating curve.


Sublimation:

Vapor in equilibrium with a solid is known as sublimation pressure.

A plot of sublimation pressure vs. temperature is known as a sublimation curve.

Enthalpy of sublimation = Enthalpy of fusion + Enthalpy of vaporization

(Hsubl  =  (Hfusion  +  (Hvapn
The triple point of a substance is that specific temperature and pressure in which solid, liquid and gas states of the substance can coexist in equilibrium.  For water this is 0.0098oC and 4.58 mmHg.  It must be a pure substance existing only under the pressure of its own vapor.

Phase Diagrams

 A phase diagram is a plot of pressure vs. temperature for a substance and the phase it is in for a specific set of conditions.

Below is an example phase diagram for carbon dioxide.











A = Solid










B = Liquid










C = Gas
Note:  Water is one of the few substances that has a negatively sloped fusion curve.

Polymorphism:  A solid existing in two or more different forms under a specific set of conditions.  There can only be one triple point for the three states of matter in a phase diagram.

Try Exercise 11.5 on page 476.  (Answer on page A60, appendix F)
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