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Chapter 13 and 14 AP Multiple Choice/Free Response Questions 

Part One
1. When a sample of oxygen gas in a closed container of constant volume is heated until its absolute temperature is doubled, which of the following is also doubled?

(A) The density of the gas
(B) The pressure of the gas
(C) The average velocity of the gas molecules
(D) The number of molecules per cm3
(E) The potential energy of the molecules 

2. The critical temperature of a substance is the

(A) temperature at which the vapor pressure of the liquid is equal to the external pressure
(B) temperature at which the vapor pressure of the liquid is equal to 760 mm Hg
(C) temperature at which the solid, liquid, and vapor phases are all in equilibrium
(D) Temperature at which liquid and vapor phases are in equilibrium at I atmosphere
(E) lowest temperature above which a substance cnnot be liquified at any applied pressure 

3. The molality of the glucose in a 1.0-molar glucose solution can be obtained by using which of the following?

(A) Volume of the solution
(B) Temperature of the solution
(C) Solubility of glucose in water
(D) Degree of dissociation of glucose
(E) Density of the solution 

4. Which of the following statements is always true about the phase diagram of any one-component system?

(A) The slope of the curve representing equilibrium between the vapor and liquid phases is positive.
(B) The slope of the curve representing equilibrium between the liquid and solid phases is negative.
(C) The slope of the curve representing equilibrium between the liquid and solid phases is positive.
(D) the temperature at the triple point is greater than the normal freezing point.
(E) The pressure at the triple point is greater than 1 atmosphere. 

5. What is the mole fraction of ethanol, C2H5OH, in an aqueous solution in which the ethanol concentration is 4.6 molal?

(A) 0.0046
(B) 0.076
(C) 0.083
(D) 0.20
(E) 0.72 

6. Which of the following is true at the triple point of a pure substance?

(A) The vapor pressure of the solid phase always equal the vapor pressure of the liquid phase.
(B) The temperature is always 0.01 K lower that the normal melting point.
(C) The liquid and gas phases of the substance always have the same density and are therefore indistinguishable.
(D) the solid phase always melts if the pressure increases at constant temperature.
(E) The liquid phase always vaporizes if the pressure increases at constant temperature. 

7. I. Difference in temperature between freezing point of solvent and freezing point of solvent and freezing point of solution
II. Molal freezing point depression constant, Kf, for solvent

In addition to the information above, which of the following gives the minimum data required to determine the molecular mass of a nonionic substance by the freezing point depression technique?

(A) No further information is necessary.
(B) Mass of solute
(C) Mass of solute and mass of solvent
(D) Mass of solute and volume of solvent
(E) Mass of solute, mass of solvent, and vapor pressure of solvent 

8. Which of the following is probably true for a solid solute with a highly endothermic heat of solution when dissolved in water?

(A) The solid has a low lattice energy.
(B) As the solute dissolves, the temperature of the solution increases.
(C) The resulting solution is ideal.
(D) The solid is more soluble at higher temperatures.
(E) the solid has a high energy of hydration. 

Use the following diagram for questions 9-11.


9. The normal boiling point of the substanced represented by the phase diagram above is

(A) -15 °C
(B) -10 °C
(C) 140 °C 
(D) greater than 140 °C
(E) not determinable from the diagram 

10. The phase diagram above provides sufficient information for determining the

(A) entropy change on vaporization
(B) conditions necessary for sublimation
(C) deviations from ideal gas behavior of the gas phase
(D) latent heat of vaporization
(E) latent heat of fusion 

11. A solution of toluene (molecular weight 92.1) in benzene (molecular weight 78.1) is prepared. The mole fraction of toluene in the solution is 0.100. What is the molality of the solution?

(A) 0.100 m
(B) 0.703 m
(C) 0.921 m
(D) 1.28 m
(E) 1.42 m 
Questions 12-14 refer to the phase diagram below of a pure substance.
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(A) Sublimation
(B) Condensation
(C) Solvation
(D) Fusion
(E) Freezing 

12. If the temperature increases from 10° C to 60° C at a constant pressure of 0.4 atmosphcre, which of the processes occurs? A
13. If the temperature decreases from 110° C to 40° C at a constant pressure of 1.1 atmospheres, which of the processes occurs? B
14. If the pressure increases from 0.5 to 1.5 atmospheres at a constant temperature of 50° C, which of the processes occurs? B
15. Which of the following is lower for a 1.0-molar aqueous solution of any solute than it is for pure water?

(A) pH
(B) Vapor pressure
(C) Freezing point
(D) Electrical conductivity
(E) Absorption of visible light 

16. Which of the following actions would be likely to change the boiling point of a sample of a pure liquid in an open container?

I. Placing it in a smaller container
II. Increasing the number of moles of the liquid in the container
III. Moving the container and liquid to a higher altitude

(A) I only
(B) II only
(C) III only
(D) II and III only
(E) I, II, and III 

17. CH3CH2OH boils at 78 °C and CH3OCH3 boils at - 24 °C, although both compounds have the same composition. This difference in boiling points may be attributed to a difference in

(A) molecular mass
(B) density
(C) specific heat
(D) hydrogen bonding
(E) heat of combustion 

18. Which of the following solutions has the lowest freezing point?

(A) 0.20 m C6H12O6, glucose
(B) 0.20 m NH4Br
(C) 0.20 m ZnSO4
(D) 0.20 m KMnO4
(E) 0.20 m MgCl2 

Short Answer Questions

1) 

	Substance 
	Melting Point, °C 

	H2 
	-259 

	C3H8 
	-190 

	HF 
	-92 

	CsI 
	621 

	LiF 
	870 

	SiC 
	>2,000 


(a) Discuss how the trend in the melting points of the substances tabulated above can be explained in terms of the types of attractive forces and/or bonds in these substances.
H2 and C3H2 have low melting points because the forces involved are the weak van der Waals (or London) forces.

HF has a higher melting point because intermolecular hydrogen bonding is important.

CsI and LiF have still higher melting points because ionic lattice forces must be overcome to break up the crystals, and the ionic forces are stronger than van der Waals forces and hydrogen bonds.

SiC is an example of a macromolecular substance where each atom is held to its neighbors by a very strong covalent bond.
(b) For any pairs of substances that have the same kind(s) of attractive forces and/or bonds, discuss the factors that cause variation in the strengths of the forces and/or bonds.
b) two points

C3H8and H2: There are more interactions per molecule in C3H8than in H2. Or C3H8 is weakly polar and H2 is nonpolar.

LiF and CsI: The smaller ions in LiF result in a higher lattice energy than CsI has. Lattice energy U is proportional to 1 / (r+ + r¯)

2) Using principles of chemical bonding and/or intermolecular forces, explain each of the following.

(a) Xenon has a higher boiling point than neon has.
Xe and Ne are monatomic elements held together by London dispersion (van der Waals) forces. The magnitude of such forces is determined by the number of electrons in the atom. A Xe atom has more electrons than a neon atom has. (Size of the atom was accepted but mass was not.)
(b) Solid copper is an excellent conductor of electricity, but solid copper chloride is not.
The electrical conductivity of copper metal is based on mobile valence electrons (partially filled bands). Copper chloride is a rigid ionic solid with the valence electrons of copper localized in individual copper(II) ions.
(c) SiO2 melts at a very high temperature, while CO2 is a gas at room temperature, event though Si and C are in the same chemical family.
SiO2 is a covalent network solid. There are strong bonds many of which must be broken simultaneously to volatize SiO2. CO2 is composed of discrete, nonpolar CO2 molecules so that the only forces holding the molecules together are the weak London dispersion (van der Waals) forces.
3) The normal boiling and freezing points of argon are 87.3 K and 84.0 K, respectively. The triple point is at 82.7 K and 0.68 atmosphere.

(a) Use the data above to draw a phase diagram for argon. Label the axes and label the regions in which the solid, liquid, and gas phases are stable. On the phase diagram, show the position of the normal boiling point.
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(b) Describe any changes that can be observed in a sample of solid argon when the temperature is increases from 40 K to 160 K at a constant pressure of 0.50 atmosphere.
(b)
The argon sublimes.
(c) Describe any changes that can be observed in a sample of liquid argon the pressure is reduced from 10 atmospheres to 1 atmosphere at a constant temperature of 100 K, which is well below the critical temperature.
(c)
The argon vaporizes.
(d) Does the liquid phase of argon have a density greater than, equal to, or less than the density of the solid phase? Explain your answer, using information given in the introduction to this question.
(d)
The liquid phase is less dense than the solid phase. Since the freezing point of argon is higher than the triple point temperature, the solid-liquid equilibrium line slopes to the right with increasing pressure. Thus, if a sample of liquid argon is compressed (pressure increased) at constant temperature, the liquid becomes a solid. Because increasing pressure favors the denser phase, solid argon must be the denser phase.
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4. The phase diagram for a pure substance is shown above. Use this diagram and your knowledge about changes of phase to answer the following questions.

(a) What does point V represent? What characteristics are specific to the system only at point V?
a) two points

V is the triple point (or point where 3 phases coexist).

Solid, liquid, and vapor (or 3 phases) are in equilibrium.
(b) What does each point on the curve between V and W represent?
b) two points

Each point on the curve represents the temperature and pressure where the liquid and vapor (or 2 phases) coexist.

At these temperatures and pressures, the two phases are in equilibrium.

OR

The points represent the vapor pressure of the liquid s a function of temperature.

OR

The points represent the boiling points of the liquid as a function of (applied) pressure.

(c) Describe the changes that the system undergoes as the temperature slowly increases from X to Y to Z at 1.0 atmosphere.
c) two points

Changes: sublimation of change between two pgases, or energy, or density, or entropy change

Point Y: change in phase occurs specifically at Y

(d) In a solid-liquid mixture of this substance, will the solid float or sink? Explain.
d) two points

The solid will sink.

The positive slope of the solid/liquid equilibrium curbe indicates that the solid is more dense than the liquid.

Notes:

If the phase diagram is labelled and if it is done incorrectly, 1 point is deducted from the total for parts b), c), and d).
If the response for part c) indicates that a phase change from a less condensed phase to a more condensed phase (e.g., gas to solid), and additional point is reduced. 
5. Answer each of the following using appropriate chemical principles. 

(a) Why does it take longer to cook an egg in boiling water at high altitude than it does at sea level? 

(b) When NH3 gas is bubbled into an aqueous solution of CuCl2, a precipitate forms initially. On further bubbling, the precipitate disappears. Explain these two observations. 

(c) Dimethyl ether, H3C-O-CH3, is not very soluble in water. Draw a structural isomer of dimethyl ether that is much more soluble in water and explain the basis of its increased water solubility. 

