	Solid Phases
CλeMis+ry: http://genest.weebly.com     
Stop in for help every day at lunch and Tues, Weds., &Thurs after school!
After-hours question? Email me at home: eagenest@madison.k12.wi.us
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	Name_____________
Period_____________


 
1. Write the standard temperature in ________ °C    ________ kelvins
2. If chlorine gas is at its boiling point, then you double the kinetic energy.  What will its new temperature be in Celsius? (See chart below).



3. Indicating atoms of sulfur by circles with an S inside, sketch two different allotropes of sulfur in the space below:





	substance
	melting point [°C]*
	boiling point [°C]*

	chlorine (Cl2)
	-102
	-34

	bromine (Br2)
	-7.2
	59

	iodine (I2)
	114
	**

	water
	
	


*measured at standard pressure
**sublimes instead of vaporizing at standard pressure
Use the table above to answer the following questions
4. Scientists working in Antarctica frequently encounter temperatures of 313 kelvins.  At this temperature predict the phase of each substance:  
a. chlorine would be ____________
b. bromine would be ____________
c. iodine would be ____________
5. Add a line in the table above for H2O.  Fill in the numbers.
6. Calculate the melting point of bromine to kelvins: _________


7. In the square below, sketch a crude heating curve for heating bromine from -100°C to +100°C. Label your axes time[minutes] and temperature[°C].  Clearly write a number for the temperature of melting and boiling on the Y-axis
	
	



8. Sketch an example of an amorphous substance, from class notes, using circles as atoms.


[image: ]
9. [image: ]
10. [bookmark: _GoBack][image: ][image: ]
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is slowly compressed at constant temperature until the
final pressure is 10 atm. (b) Water originally at 100.0°C
and 0.50 atm is cooled at constant pressure until the tem-
perature is —10°C.

Refer to Figure 11.27(b), and describe the phase changes
(and the temperatures at which they occur) when CO, is
heated from —80°C to —20°C at (a) a constant pressure
of 3 atm; (b) a constant pressure of 6 atm.

The normal melting and boiling points of xenon are
—112°C and —107°C, respectively. Its triple point is at
—121°C and 282 torr, and its critical point is at 16.6°C and
57.6 atm. (a) Sketch the phase diagram for Xe, showing

Exercises 445

the four points given and indicating the area in which
each phase is stable. (b) Which is denser, Xe(s) or Xe(!)?
Explain. (c) If Xe gas is cooled under an external pressure
of 100 torr, will it undergo condensation or deposition?
Explain.

11.52 The normal melting and boiling points of O, are —218°C
and —183°C, respectively. Its triple point is at —219°C and
1.14 torr, and its critical point is at —119°C and 49.8 atm.
(a) Sketch the phase diagram for O,, showing the four
points given and indicating the area in which each phase is
stable. (b) Will Oy(s) float on O,(!)? Explain. (¢) As it is heat-
ed, will solid O, sublime or melt under a pressure of 1 atm?

tructures of Solids

1153 How does an amorphous solid differ from a crystalline
one? Give an example of an amorphous solid.

154 Amorphous silica has a density of about 2.2 g/cm +
Q whereas the density of crystalline quartz is 2.65 g/ cm?®.
Account for this difference in densities.

1155 What is a unit cell? What properties does it have?

56 Perovskite, a mineral composed of Ca, O, and Ti, has the
cubic unit cell shown in the drawing. What is the chem-
ical formula of this mineral?

tures consisting of cubic close-packed arrangements of
atoms. Yet Xe melts at —112°C and gold melts at 1064°C.
Account for these greatly different melting points.
Rutile is a mineral composed of Ti and O. Its unit cell,
shown in the drawing, contains Ti atoms at each corner
and a Ti atom at the center of the cell. Four O atoms are
on the opposite faces of the cell, and two are entirely with-
in the cell. (a) What is the chemical formula of this min-
eral? (b) What is the nature of the bonding that holds the
solid together?

. Oxygen

@ Titanium

11.59 Iridium crystallizes in a face-centered cubic unit cell that
has an edge length of 3.833 A. The atom in the center of
the face is in contact with the corner atoms, as shown in
the drawing. (a) Calculate the atomic radius of an iridi-
um atom. (b) Calculate the density of iridium metal.

11.60 Aluminum metal crystallizes in a cubic close-packed
structure (face-centered cubic cell, Figure 11.34). (a) How
many aluminum atoms are in a unit cell? (b) What is the
coordination number of each aluminum atom?
(c) Assume that the aluminum atoms can be represented
as spheres, as shown in the drawing for Exercise 11.59. If
each Al atom has a radius of 1.43 A, what is the length of
a side of the unit cell? (d) Calculate the density of alu-
minum metal.

11.61 An element crystallizes in a body-centered cubic lattice.
The edge of the unit cell is 2.86 A, and the density of
the crystal is 7.92 g/cm®. Calculate the atomic weight
of the element.

11.62 KCl has the same structure as NaCl. The length of the
unit cell is 628 pm. The density of KClis 1.984 g/ cm® and
its formula mass is 74.55 amu. Using this information,
calculate Avogadro’s number.

11.63 What is the coordination number of each sphere in (a) a
three-dimensional, close-packed array of equal-sized
spheres; (b) a primitive cubic structure; (c) a body-cen-
tered cubic lattice?

11.64 What is the coordination number of (a) Na* in the NaCl
structure, Figure 11.35; (b) Zn?' in the ZnS unit cell,
Figure 11.42(b); (c) Ca?" in the CaF, unit cell, Figure
11.42(c)?

11.65 Clausthalite is a mineral composed of lead selenide
(PbSe). The mineral adopts a NaCl -type structure. The
density of PbSe at 25°C is 8.27 g/! cm®. Calculate the length
of an edge of the PbSe unit cell.
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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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