It’s hard to keep the charts from Chapter 11 straight!  Use these notes to know what each chart does.
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	CO2 Phase Diagram (not to scale)
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Use the two phase diagrams to answer the following questions.
1.	Point E on the phase diagrams represents a point where all three phases are in equilibrium.
	What is this point called?
2.	At what point or region do solid and liquid phases exist in equilibrium? (Use the letter labels from the diagram.)

3.	At what point or region would a boiling liquid be found? (Use the letter labels from the diagram.)

4.	At what point or region would sublimation occur?

5.	What is the name of the highest temperature at which it is possible to liquefy a gas with any amount of pressure?
6.	What is the critical pressure for water?
7.	What is the critical temperature for carbon dioxide?
8.	Does the solid-liquid equilibrium line on the water diagram have a positive or negative slope?
9.	What does this slope tell you about the density of each of the two phases?
10.	What change is observed as one approaches point D from the left at constant pressure and increasing temperature?
11.	Using the water phase diagram, what changes in pressure and temperature would be necessary to go from point C to point B?

	12. Find the melting and boiling point of Bromine in the CRC Book in class or on Wikipedia at home.
Write those two numbers in appropriate places on the Y-Axis.     

13. In each line below, mark a letter to describe what phase is present.
______     pure liquid        ______     mix of gas and liquid
______     pure solid          ______     mix of liquid and solid
______     pure gas            
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	14. Find the melting and boiling point of Aluminum in Table S and label the Y-axis of the graph at right with those two numbers.
In each line below,circle the correct choice to describe how the motion of the atoms is changing.
A. {atoms moving faster    /  atom position becomes farther apart}
B. {atoms moving faster    /  atom position becomes farther apart}
C. {atoms moving faster    /  atom position becomes farther apart}
D. {atoms moving faster    /  atom position becomes farther apart}
E. {atoms moving faster    /  atom position becomes farther apart}



	15. The normal pressure in our classroom is 101.3 kiloPascals.  Draw a horizontal line on this graph to show what the pressure in our room would be if the air pressure in here doubled. 
16. If the pressure in this room increased the vapor pressure of ethanol would (  stay the same / decrease / increase )

17. On the chart, mark an "A" to show what the vapor pressure of propanone would be if the room pressure were 50 kiloPascals.

18. The technical definition of boiling point is the temperature at which the air pressure of the room equals the __________________________________________
19. If we reduce the room pressure to 20 kPa at what temperature will water boil?

20. Mark a "B" on the chart to indicate the single point that is STP
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11.6 Phase Diagrams 429

e Phase Diagrams of H,0 and CO,

gure 11.27 ¥ shows the phase diagrams of H,O and CO,. The solid-liquid equi- 6 A syringe filled with Dry Ice™ is used
bium (melting point) line of CO, follows the typical behavior; its melting point in this simple and quick

eases with increasing pressure. In contrast, the melting point of H,O decreases gemonstration. NeniLIE A
Simple Experiment for

ithincreasing pressure. As seen in Figure 11.11, water is among the very few sub- Demonstration of Phase Diagram of
ances whose liquid form is more compact than its solid form. === (Section 11.2) Carbon Dioxide,” J. Chem. Educ., Vol.
The triple point of H,O (0.0098°C and 4.58 torr) is at much lower pressure 73,1996, 837-838.

an that of CO; (=56.4°C and 5.11 atm). For CO; to exist as a liquid, the pres-
emust exceed 5.11 atm. Consequently, solid CO, does not melt, but sublimes
hen heated at 1 atm. Thus, CO, does not have a normal melting point; instead,
has a normal sublimation point, —78.5°C. Because CO, sublimes rather than
ielts as it absorbs energy at ordinary pressures, solid CO, (Dry Ice™) is a con-
enient coolant. For water (ice) to sublime, however, its vapor pressure must be
tow 4.58 torr. Food is freeze-dried by placing frozen food in a low-pressure
amber (below 4.58 torr) so that the ice in it sublimes.

D 73 <« Figure 11.27 Phase diagram of
MWrpe o h e e (a) H,0 and (b) CO,. The axes are not
atm Liquid : drawn to scale in either case. In (a), for
water | water, note the triple point A
(liquid) | ® (0.0098°C, 4.58 torr), the normal
______ Bl = o C : E melting (or freezing) point B
Tce ! 1 g 511 (0°C, 1 atm), the normal boiling point C
(solid) | : il o4atm (100°C, 1 atm), and the critical point D
4580 s 1 Water ! (374.4°C, 217.7 atm). In (b), for carbon
torr ! dioxide, note the triple point X
et 1 atm (—56.4°C, 5.11 atm), the normal
1 (gas) 1 sublimation point ¥ (—78.5°C, 1 atm),
o ! ! and the critical point Z
i e (31.1°C, 73.0 atm).
0.0098
Temperature (°C) Temperature (°C) %
(a) (b)
SAMPLE EXERCISE 11.6 5 >
eferring to Figure 11.28 B, describe any changes in the phases present when H,0 is 6 L 7 8/9
@kept at 0°C while the pressure is increased from that at point 1 to that at point 5 (ver- 1atm o
fical line); (b) kept at 1.00 atm while the temperature is increased from that at point 6 @ Liquid
f o that at point 9 (horizontal line). 2 :
£ | Solid
Solution &
Analyze: We are asked to use the phase diagram provided to deduce what phase changes 5
might occur when specific pressure and temperature changes are brought about. Gas
Plan: Trace the path indicated on the phase diagram, and note what phases and phase
anges occur.
olve: (a) At point 1, H,O exists totally as a vapor. At point 2, a solid-vapor equilibri- O°‘C
um exists. Above that pressure, at point 3, all the H,O is converted to a solid. At point 4, Temperature
some of the solid melts and an equilibrium between solid and liquid is achieved. At AVEGtre 11238 phase'di o
stll higher pressures all the H,0 melts, so only the liquid phase is present at point 5. HoO 9 i G C1agram
b) At point 6, the H,O exists entirely as a solid. When the temperature reaches point 4, 2
e solid begins to melt and an equilibrium exists between the solid and liquid phas- e
&s. At an even higher temperature, point 7, the solid has been converted entirely to a

iquid. A liquid-vapor equilibrium exists at point 8. Upon further heating to point 9,
e HyO is converted entirely to the vapor phase.
Check: The indicated phases and phase changes are consistent with our knowledge of
the properties of water.
.
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