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Chapter 12 Physical Properties of liquids and Solids
Chem 101 Chapter 10, Selected Old Exams Questions:

(Not all answers are A):PRIVATE 

1. Calculate the temperature at which the vapor pressure of water is 1000 mmHg, given that ΔHvap is 40.7 kJ/mol and that the normal boiling point of water is 100 oC.

A
395 K 

B
426 K 

C
381 K

D
489 K 

E
471 K

normal boiling point: P1 = 1 atm = 760 mmHg 

and T1 = 100 oC = 373.15 K

we are looking for T2, where P2 = 1000 mmHg

equation:
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This we can solve for 1/T2:
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Inserting the numbers gives:
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and thus finally T = 381.1 K = 381 K, answer C

2. How many of the following substances can be liquefied by applying pressure at 25 oC

	PRIVATE 

substance
	
critical point

	
carbon disulfide
	
273 oC, 76 atm

	
ethane
	
32 oC, 48 atm

	
krypton
	
-63 oC, 54 atm

	
nitrogen oxide
	
-94 oC, 65 atm


A)  
0
  B)    1
   C)
3
       D)     2

    E)
4

Liquefaction by pressure is only possible below the critical temperature:
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25 oC: CS2 and C2H6 have a higher critical temperature, while Kr and NO have a lower one.

Thus only CS2 and C2H6 can be liquefied with pressure at 25 oC       (answer D)
3. Given the following phase diagram:
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What change occurs when we move from point A to point B?

A
liquid vaporizes

B
vapor cendenses to liquid

C
solid melts


D
solid sublimes

E
liquid freezes

A triple point connects s/l/g.

Lower T: s, upper right: l, lower right: g

Thus A(s) ( B(l) 

(answer C)
4. Which of the following is arranged in order of increasing boiling points from left to right ?

A
HF < H2O < NH3 < CH4
B
CH4 < NH3 < HF < H2O

This the right choice. The higher the boiling point the larger are the intermolecular forces.

Strongest forces are hydrogen bonds, strongest in H2O, medium in HF, weakest in NH3
Weakest forces are dispersion forces and only those are in CH4.

C
H2O < CH4 < NH3 < HF

D
NH3 < HF < CH4 < H2O

E
CH4 < HF < H2O < NH3
5. A certain metal fluoride crystallizes in a cubic lattice. The fluoride ions occupy the corners of the cube formed by the lattice points, while the metal ions occupy the body centers of only HALF of these cubes. The formula of the metal fluoride is

A
M2F3


B
MF2


C
MF


D
M2F


E
M3F

a body center belongs fully to a cube. Thus we have 1 M in 2 cubes, 1M/2 cubes

a corner belongs to 8 neighboring cubes and a cube has 8 corners, thus there are 8 x 1/8 = 1 F in 1 cube, and thus 

2 F/2 cubes

(1 M + 2 F)/2 cubes = MF2
per cube: (1/2 M + 1 F)/cube = M1/2F = MF2 

(choice B)
6. Silver crystallizes with a face-centered cubic unit cell with 0.407 nm edge length. Calculate the atomic radius of silver.

A
0.204 nm

B
0.176 nm

C
0.152 nm


D
0.430 nm       
E
0.144 nm

in an fcc cell the atoms touch each other along a face diagonal:
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when r is the atomic radius of Ag and d the edge length of the cell, then h = 4r

h is the hypotenuse of a 90o angle triangle. Thus the law of Pythagoras gives:

h2 = d2 + d2 = 2 d2 = (4r)2
Thus 2 d2 = 16 r2, r = (1/8)1/2 d

r = (1/8)1/2 x 0.407 nm = 0.144 nm 

(choice E)
7. Krypton has a higher melting point than Argon because of its

A) hydrogen bonding

(there is NO hydrogen bonding between noble gas atoms)
B) stronger dispersion forces

(Kr has a higher molar mass than Ar, and thus stronger dispersion forces, causing a higher melting point)
C) permanent dipole moment

(noble gas atoms have no dipole moments)
D) ionic bonds

(noble gas atoms have no ionic bonds)
E) greater ionization energy

(has nothing to do with the melting point)
(choice B)
8. Which of the following substances exhibit hydrogen bonding in the liquid state?

For hydrogen bonding there must an almost linear sequence of 3 atoms with hydrogen in the center, bound covalently to one of the terminal ones and by a hydrogen bond to the other one:
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For hydrogen bonds A and B must be O, F, or N

A) PH3 

(no O, F, or N)
B) H2 


(does not even have a dipole moment)
C) H2S 

(no O, F, or N)
D) CH4 

(does not even have a dipole moment)
E) NH3 

(correct A = B = N)
  (choice E)
9. X-rays of wavelength 0.220 nm are diffracted by atomic layers separated by a distance of 282 pm. Assuming a first order diffraction (n=1), calculate the angle of diffraction.

A) 23.0o
B) 18.2o
C) 34.5o
D) 5.26o
E) 41.3o
Bragg equation:
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numbers:
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(choice A)

10. Vanadium (V) crystallizes in a body-centered cubic lattice, and the length of the edge of a unit cell is 305 pm. What is the density of V?

A) 5.96 g/cm3
           
B) 2.98 g/cm3

C) 2.98 x 10-6 g/cm3
D) 5.96 x 10-30 g/cm3
 
E) 11.9 g/cm3
bcc lattice: 8/8 (8 occupied corners each shared by 8 cells) + 1 (in the center) = 2 atoms per unit cell  

mass of the unit cell:
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AV denotes the average atomic weight of V

e denotes the edge length of the cube: Vcell = e3:
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The density d is mcell/Vcell:
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(choice A)
11. The vapor pressure of ethanol is 400. mmHg at 63.5oC. Its molar heat of vaporization is 39.2 kJ/mol. What is the vapor pressure of ethanol, in mmHg, at 34.9oC?

A) 1,510 mmHg

B) 109 mmHg

C) 200. mmHg

D) 0.00990 mmHg
E) 4.61 mmHg

We must use the Clausius-Clapeyron equation:
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C is the same at both temperatures (state 1 denotes the higher one, state 2 the lower one) and cancels when we subtract the equations for the two states:
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temperatures must be changed by adding 273.15 to the celcius degrees:
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Note: if -273 oC is used as absolute 0, P2 is 108.78 torr = 109 torr and if -273.2 oC is used as absolute 0, P2 = 108.96 torr = 109 torr; all three possibilities – same result.









        (choice B)
12. Which of the following properties indicates the presence of strong intermolecular forces in a liquid?

A) a low heat of vaporization

(that means that there are small forces to break to bring a molecule into the gas phase)
B) a low critical temperature

(there is no relation between forces and critical temperature)
C) a low vapor pressure

(strong forces: only a few molecules can go into the gas phase and thus a low vapor pressure)
D) a low boiling point

(similar to A: indicates small forces)
E) low viscosity

(indicates small forces)




(choice C)
13. Using the following phase diagram of a certain substance, in what phase(s) is the substance at 50 oC and 1 atm pressure? 
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A) solid


B) liquid


C) gas
             
D) solid + liquid

E) liquid + gas

Since 50 oC/1 atm is on none of the lines, D and E are excluded

the lower right line clearly has an endpoint, a critical point. Thus it must be the liquid/gas equilibrium line.

So on the left at lower T and higher P must be the solid, on the right at higher T and lower P the gas and in the middle the liquid. That fits also to the existence of a triple point.

The intersection of the 50 oC isotherm and the 1 atm isobar is in the liquid region

[image: image17.wmf]
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(choice B)
14. Which of the following compounds would exhibit hydrogen bonding in the liquid state?

A) NH3
B) PH3
C) H2
D) H2S

E) CH4
Hydrogen bonding in a pure compound must involve an almost linear arrangement of atoms:

A .........H - A, where A must be N, O, or F. Only NH3 contains N, all others do not contain any N, O, or F.

15. Which of the following is a molecular solid?

A) Solid carbon dioxide

(it consists of CO2 molecules and is thus a molecular solid)
B) potassium

(this is a metal)
C) diamond

(this is a covalent network solid)
D) sodium chloride

(this is an ionic solid)
E) argon

(this is a group VIII or also called noble gas solid)
16. An element crystallizes in a simple cubic cell with an edge length of 0.266 nm. What is the atomic radius?

A) 0.133 nm

B) 0.127 nm

C) 0.188 nm

D) 0.200 nm

E) 0.246 nm

Simple cubic cell (scc):

[image: image18.wmf]
14
                  Since e = 2r, r = 0.5 e = 0.5 x 0.266 nm = 0.133 nm

17. When X-rays of wavelength 0.220 nm are diffracted by atomic layers, a reflection was produced at 23.0o. Assuming first order diffraction (n=1), calculate the distance between the layers of atoms.

A) 282 pm

B) 320 pm

C) 220 pm

D) 236 pm

E) 423 pm

Bragg's equation has to be used:
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18. What pressure would have to be applied to steam at 250.oC to condense the steam to liquid water? (ΔvapH = 40.7 kJ/mol)

A) 43 atm

B) 1 atm

C) 29 atm

D) 194 atm

E) 90 atm

For condensation the same as for boiling must be fulfilled: the outside pressure must be equal to the vapor pressure of the liquid at the required temperature.

Thus the pressure that has to be applied to steam to liquefy it, is equal to the vapor pressure of water as calculated from the Clausius-Clapeyron equation.

The temperature must be below the critical temperature what is the case here.

The normal boiling point of water (T1 = 100 oC at normal pressure P1 = 1 atm) is the second pair of numbers to be used.
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Index 2 is for the condition asked for:
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P2 is the pressure that must be applied to steam to liquefy it.

C is the same at both conditions, so (2) - (1) cancels it out:
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P1 is 1 atm, and thus
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Note, if you use T1 = 373 K and T2 = 523 K (0 K = -273 o instead of -273.15 oC) then ln(P2/P1) = 3.7659 and P2 = 43.2 atm = 43 atm, the same result.

19. Place the following substances in order of increasing vapor pressure: CH4, Ar, CBr4, and He.

A) CBr4 < Ar < CH4 < He

B) CBr4 < He < CH4 < Ar

C) CH4 < Ar < CBr4 < He

D) Ar < CBr4 < He < CH4
E) He < CBr4 < CH4 < Ar

Increasing intermolecular forces bind molecules stronger together, make it more difficult to evaporate the liquid, and thus lead to decreasing vapor pressure.

All substances are non-polar and thus they have only dispersion interactions which decrease with decreasing molar weight.

Thus decreasing molar weight means increasing vapor pressure

CBr4: MM = (12.01 + 4 x 79.90) g/mol = 331.61 g/mol

Ar: MM = 39.95 g/mol

CH4: MM = (12.01 + 4 x 1.008) g/mol = 16.04 g/mol

He: MM = 4.003 g/mol

Thus the order of decreasing molar mass and increasing vapor pressure is

CBr4 < Ar < CH4 < He

20. Shown below is a phase diagram for a compound. Going from 75 oC to 250 oC at constant pressure of 0.5 atm, the occurring phase transition is called

[image: image24.wmf]
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A) sublimation


B) boiling


C) melting

D) condensation


E) evaporation

In a phase diagram left of the triple point is the solid phase (higher pressure, lower temperature), directly below the triple point the gas phase (lower pressure, higher temperature) and in between the liquid.

The labeled diagram together with the way is thus:
[image: image25.wmf]
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The occurring phase transition is thus direct from s to g and therefore is a sublimation.

10.5 
Carbon and silicon:


Network Atomic Solids

Reading assignment

Many atomic solids contain strong directional covalent bonds to form network (giant molecule) solids.

In contrast to metals, these materials are typically brittle and do not efficiently conduct heat or electricity.

Carbon:

Diamond 





Graphite 

Large energy gab between the filled and empty MOs (conduction bond) makes diamond insulter 

Silicon:

Silica

Silicates


Empirical formula SiO2 Si/O=1/2


O/Si ratio is greater than 1/2 e.g. SiO4.

When silica is heated above its mp (N1600oC / and called rapidly an amorphous solid called glass is formed.

Ceramics:

Is made from clays (which contain silicates) and hardened by firing at high temperatures.

Ceramics are non metallic materials that are strong. Brittle and resistant to heat and chemical attack.

Semiconductors:

Elemental silicon has the same structure as diamond. In diamond, the large energy gap between filled and empty MOs makes diamond an insulator.

In silicon the situation is similar, but the energy gab is smaller than that in diamond.

A few electrons can crass the gab at 25oC making silicon a semiconducting element or semiconductor. 

The small conductivity of silicon can be enhanced at normal temperature of the silicon certain is doped with certain other element.

Two types:

1. n-type semiconductor:

When a small fraction of silicon atoms is replaced by arsenic as atoms, each having one wore valence electron than silicon.

2. p-type semiconductor:

When silicon crystal is doped with boron which has one less electron than silicon.

This will create electron vacancy or hole. As an electron filfs this hole, it leaves anew hole, and this process can be repeated.

Most important applications of semiconductors involve connection of a p-type and an n-type to form a p-n junction.

A p-n junction makes an excellent rectifier a device that produces a direct current (flows in one direction) from alternating current (flows in both directions).
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