
Chemistry 102 Winter 2010 
 

 
Announcements 
1. Next midterm exam on Feb. 17, Wednesday. 
 
Today 
1.  Continue with phase changes 
2.  Phase diagrams and heating curves 
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Liquid-gas phase change 
 
dynamic equilibrium: forward and reverse 
processes occur simultaneously and at the same 
rates; no visible change on the macroscale. 
 
Example: vaporization-condensation equilibrium 
 
nanoscale:  Fig. 11.19, p. 383 
 
macroscale:  capped water bottle 
 
symbolic:  H2O (l)             H2O (g) 
 
Liquid and gas are in dynamic equilibrium. 
 
The equilibrium only holds for a closed (sealed) 
system. 
 
Compare a capped water bottle vs. an uncapped 
bottle. 
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Other phase changes 
 
Fig. 11.8, p. 382. 
 
melting-freezing equilibrium 
H2O (s)             H2O (l) 
 
 
 
 
 
 
 
 
 
sublimation-deposition equilibrium 
H2O (s)             H2O (g) 
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Phase diagrams 
 
A vapor pressure curve shows temperature and 
pressure for liquid and gas phases only. 
Fig. 11.5, p. 380 
 
What does high temperature favor? 
 
What does high pressure favor? 
 
A phase diagram shows temperature and 
pressure for liquid, gas, and solid phases. 
Fig. 11.14, p. 390 
 
The diagram shows the phase of a substance at 
different combinations of pressure and 
temperature. 
 
Notice it contains the vapor pressure curve. 
 
A change of phase occurs at the boundary 
between phase regions. 
 
triple point: all three phases exist simultaneously 
For water, 4.58 mm Hg and 0.01 ºC.  Fig. 11.15 
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Going from solid   liquid   gas requires an 
increase in enthalpy (ΔH > 0) of the substance 
because the molecules need to gain energy to 
overcome the IMF’s. 
 
endothermic: a process in which the system 
gains energy.  ΔH > 0 
 
In vaporization, melting, or sublimation, a 
substance absorbs energy, allowing the 
molecules to overcome intermolecular 
attractions and move away from each other. 
 
exothermic: a process in which the system loses 
energy.  ΔH < 0 
 
In condensation, freezing, or deposition, a 
substance loses energy, allowing the 
intermolecular attractions to overcome the 
kinetic energy of the molecules and bring them 
closer together. 
 
(See Chapter 6 Energy and Chemical Reactions 
for more information) 
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Heating curves 
 
Fig. 11.13, p. 389 
 
The graph (heating curve) shows temperature of 
a substance as energy is added to the substance. 
 
Review of enthalpy change calculations 
 
How do you calculate the enthalpy change for a 
substance that changes temperature? 
 
 
 
 
 
 
How do you calculate the enthalpy change for a 
phase change? 
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For Fig. 11.13, heating curve for 100 g. of water: 
 
Step 1. Heat solid water (ice) to reach 0 ºC 
 
 
Step 2. Melt ice at 0 ºC into water at 0 ºC 
 
 
Step 3: Heat liquid water to reach 100 ºC 
 
 
Step 4: Boil water at 100 ºC into steam at 100 ºC 
 
 
Step 5: Heat steam to reach 120 ºC 
 
 
 
What happens to temperature during a phase 
change? 
 
 
How is a heating curve related to a phase 
diagram?  Compare Figs. 11.13 and 11.15 at 760 
mm Hg. 
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Announcements 
1. Next midterm exam on Feb. 17, Wednesday. 
 
 
OWL HW deadlines 

Due Date Assignment 
2/3/10 10 – Gases and the Atmosphere 

2/10/10 11 – Liquids, Solids, and Materials 
2/24/10 12 – Chemical Kinetics 
3/15/10 13 – Chemical Equilibrium 

 
Before next class, 
1. Study Chapter 11.1-11.3.  Skim 11.4-11.8, 

but study Table 11.5. and p. 407, first 
paragraph. 

2. Work on OWL HW. 
 
 


