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CH11

____ 1. Order the intermolecular forces (dipole-dipole, London dispersion, ionic, and hydrogen-bonding) 
from weakest to strongest .
A) dipole-dipole, London dispersion, ionic, and hydrogen-bonding
B) London dispersion, dipole-dipole, hydrogen-bonding, and ionic
C) hydrogen-bonding, dipole-dipole, London dispersion, and ionic
D) dipole-dipole, ionic, London dispersion, and hydrogen-bonding
E) London dispersion, ionic, dipole-dipole, and hydrogen-bonding

____ 2. Hydrogen bonds account for which of the following observation?
A) Hydrogen naturally exists as a diatomic molecule.
B) Hydrogen is easily combustible with oxygen.
C) Water molecules are bent or "V-shaped."
D) Air is more dense than hydrogen gas.
E) For its molar mass, water has a high boiling point.

____ 3. Which of the following would you expect to have the highest boiling point?
A) F2

B) Cl2

C) Br2

D) I2

E) All of the above have the same boiling point.

____ 4. Which of the following should have the lowest boiling point?
A) Na2S
B) HF
C) NH3

D) N2

E) H2O

____ 5. Which of the species below would you expect to show the least hydrogen bonding?
A) NH3

B) H2O
C) HF
D) CH4

E) all the same

____ 6. The molecules in a sample of solid SO2 are attracted to each other by a combination of
A) London forces and H-bonding
B) H-bonding and ionic bonding
C) covalent bonding and dipole-dipole interactions
D) London forces and dipole-dipole interactions
E) none of these
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____ 7. In which of the following groups of substances would dispersion forces be the only significant 
factors in determining boiling points?
I. Cl2 II. HF III. Ne IV. KNO2 V. CCl4

A) I, III, V
B) I, II, III
C) II, IV
D) II, V
E) III, IV, V

____ 8. The elements of group 5A, the nitrogen family, form compounds with hydrogen having the boiling 
points listed below:
          SbH3 –17°C,  AsH3 –55°C,  PH3 –87°C,  NH3 –33°C
The first three compounds illustrate a trend where the boiling point decreases as the mass 
decreases; however, ammonia (NH3) does not follow the trend because of
A) dipole-dipole attraction
B) metallic bonding
C) hydrogen bonding
D) London dispersion forces
E) ionic bonding

____ 9. Which substance involves no bonding forces except London dispersion forces?
A) NaCl(l)
B) HF(l)
C) N2(s)
D) H2O(l)
E) K(s)

____ 10. In general, the density of a compound as a gas is closer in value to that of the compound as a liquid 
than the density of the compound as a liquid is in value to that of the compound as a solid.

____ 11. Second row hydrides generally have higher than expected boiling points for their position on the 
periodic table.

____ 12. The bonds between hydrogen and oxygen within a water molecule can be characterized as 
__________.
A) hydrogen bonds
B) London dispersion forces
C) intermolecular forces
D) intramolecular forces
E) dispersion forces
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____ 13. When a water molecule forms a hydrogen bond with another water molecule, which atoms are 
involved in the interaction?
A) a hydrogen from one molecule and a hydrogen from the other molecule
B) a hydrogen from one molecule and an oxygen from the other molecule
C) an oxygen from one molecule and an oxygen from the other molecule
D) an oxygen and a hydrogen from the same molecule
E) two hydrogens from one molecule and one hydrogen from the other molecule

____ 14. Which of the following is the correct order of boiling points for KNO3, CH3OH, C2H6, Ne?
A) Ne < CH3OH < C2H6 < KNO3

B) KNO3 < CH3OH < C2H6 < Ne
C) Ne < C2H6 < KNO3 < CH3OH
D) Ne < C2H6 < CH3OH < KNO3

E) C2H6 < Ne < CH3OH < KNO3
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Consider the representations below to answer the next three questions.
(I)

(II)

(III)

____ 15. How many of the following statements are correct concerning drawing I?
 I. Each molecule induces a dipole onto the next molecule in close 

proximity.
II. The phenomenon shown is relatively weak and short-lived.
III. C8H18 contains this type of interaction. 
IV. The forces that exist in this example are London dispersion forces.

A) 0
B) 1
C) 2
D) 3
E) 4
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____ 16. Which drawing best represents the interactions in a sample of HF?
A) I
B) II
C) III
D) I, II
E) all of the above

____ 17. Which of the following statements are incorrect concerning drawing III?
A) Electrostatic interactions exist between the molecules.
B) The molecules find the best compromise between attraction and repulsion.
C) These molecules exhibit ionic bonding.
D) OCS exhibits this type of interaction.
E) Two of the above statements are incorrect.

____ 18. The freezing point of helium is –270°C. The freezing point of xenon is –112°C. Both of these are 
in the noble gas family. Which of the following statements is supported by these data?
A) Helium and xenon form highly polar molecules.
B) As the molecular weight of the noble gas increases, the freezing point decreases.
C) The London dispersion forces between the helium molecules are greater than the 

London dispersion between the xenon molecules.
D) The London dispersion forces between the helium molecules are less than the 

London dispersion forces between the xenon molecules.
E) None of these.

____ 19. Which best explains the following trend?
Element b.p. (K)

He 4
Ne 25
Ar 95
Kr 125
Xe 170

A) London dispersion forces
B) dipole-dipole interaction
C) hydrogen bonding
D) Le Chatelier's principle
E) none of these

____ 20. Intermolecular forces are weaker than intramolecular bonds.

____ 21. Hydrogen bonding is a type of London dispersion force.

____ 22. Methane (CH4) exhibits stronger hydrogen bond interactions than ammonia (NH3).



Name: ______________________  ID: A

6

____ 23. Which of the following compounds has the lowest viscosity?
A) CCl4(l)
B) N2(g)
C) H2O(l)
D) CH3-(CH2)25-CH3(l)
E) HCl(g)

____ 24. Which of the following statements about liquids is true?
A) Droplet formation occurs because of the higher stability associated with increased 

surface area.
B) Substances that can form hydrogen bonds will display lower melting points than 

predicted from periodic trends.
C) London dispersion forces arise from a distortion of the electron clouds within a 

molecule or atom.
D) Liquid rise within a capillary tube because of the small size lowers the effective 

atmospheric pressure over the surface of the liquid.
E) The boiling point of a solution is dependent solely on the atmospheric pressure 

over the solution.

____ 25. What is responsible for capillary action, a property of liquids?
A) surface tension
B) cohesive forces
C) adhesive forces
D) viscosity
E) two of these

____ 26. When a nonpolar liquid displays a convex meniscus, which of the following explains this behavior?
A) It has a low surface tension, and therefore clings to the glass.
B) The cohesive forces are stronger than the adhesive forces to the glass.
C) The adhesive forces to the glass are stronger than the cohesive forces.
D) The liquid's viscosity is low.
E) None of these.

____ 27. Liquids with large intermolecular forces tend to have high surface tension.

____ 28. Which of the following is paired incorrectly?
A) crystalline solids—highly regular arrangement of their components
B) amorphous solids—considerable disorder in their structures
C) unit cell—the smallest repeating unit of the lattice
D) gold metal—simple cubic unit cell
E) glass—amorphous solid

____ 29. Table salt and table sugar are both crystalline solids.
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____ 30. Atomic solids generally have low melting points.

____ 31. Which substance can be described as cations bonded together by mobile electrons?
A) Ag(s)
B) S8(s)
C) Kr(l)
D) KCl(s)
E) HCl(l)

____ 32. Steel is considered to be a(n) __________.
A) interstitial alloy
B) ionic solid
C) molecular solid
D) substitutional alloy
E) two of these

____ 33. Steel is a substitutional alloy.

____ 34. Which of the compounds below is an example of a network solid?
A) S8(s)
B) SiO2(s)
C) MgO(s)
D) NaCl(s)
E) C25H52(s)

____ 35. Which of the compounds below is not an example of a molecular solid?
A) I2(s)
B) SiO2(s)
C) CO2(s)
D) H2O(s)
E) C25H52(s)

____ 36. Ice is a molecular solid.

____ 37. Which of these statements is incorrect?
A) Molecular solids have high melting points.
B) The binding forces in a molecular solid include London dispersion forces.
C) Ionic solids have high melting points.
D) Ionic solids are insulators.
E) All of the statements (A-D) are correct.
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____ 38. At room temperature, CsF is expected to be
A) a gas
B) a conducting solid
C) a liquid
D) a brittle solid
E) a soft solid

____ 39. A solid crystal of NaCl is
A) soft, low melting, a good electrical conductor
B) hard, high melting, a good electrical conductor
C) soft, low melting, a poor electrical conductor
D) hard, high melting, a poor electrical conductor
E) soft, high melting, a poor electrical conductor

____ 40. Solid MgO has the same crystal structure as NaCl. How many oxide ions surround each Mg2+ ion 
as nearest neighbors in MgO?
A) 4
B) 6
C) 8
D) 12
E) none of these

____ 41. Which of the following has the highest melting temperature?
A) H2O
B) CO2

C) S8

D) MgF2

E) P4

____ 42. A certain solid substance that is very hard, has a high melting point, and is nonconducting unless 
melted is most likely to be:
A) I2

B) NaCl
C) CO2

D) H2O
E) Cu
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____ 43. How would you expect the melting point of CCl4 to compare to that of NaCl?
A) It should be lower because NaCl forms an extended ionic crystal lattice, whereas 

CCl4 is a covalently-bonded small molecule.
B) It should be similar since they are both ionic solids.
C) It should be higher because the bonds are stronger due to the higher charge on C 

(+4).
D) It should be higher because CCl4 is larger than NaCl.
E) It is not possible to say anything about their melting points without more 

information.

____ 44. Which of the following is most likely to be a solid at room temperature?
A) Na2S
B) HF
C) NH3

D) N2

E) H2O

____ 45. On the basis of your knowledge of bonding in liquids and solids, which of the following has the 
lowest melting temperature?
A) NaCl
B) Na
C) Cl2

D) SiO2

E) More information is needed.

____ 46. Which of the following substances would you expect to have the lowest boiling point?
A) diamond
B) methane, CH4

C) sodium nitrate, NaNO3

D) glycerine, C3H5(OH)3

E) copper

____ 47. On a relative basis, the weaker the intermolecular forces in a substance,
A) the greater its heat of vaporization
B) the more it deviates from ideal gas behavior
C) the greater its vapor pressure at a particular temperature
D) the higher its melting point
E) none of these
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____ 48. At normal atmospheric pressure and a temperature of 0°C, which phase(s) of H2O can exist?
A) ice and water
B) ice and water vapor
C) water only
D) water vapor only
E) ice only

____ 49. The process of condensation happens when which of the following occurs?
A) A solid becomes a liquid.
B) A liquid becomes a solid.
C) A gas becomes a liquid.
D) A liquid becomes a gas.
E) A gas becomes a solid.

____ 50. Which of the following processes must exist in equilibrium with the evaporation process when a 
measurement of vapor pressure is made?
A) fusion
B) vaporization
C) sublimation
D) boiling
E) condensation

____ 51. Assume 12,500 J of energy is added to 2.0 moles (36 grams) of H2O as an ice sample at 0°C. The 
molar heat of fusion is 6.02 kJ/mol. The specific heat of liquid water is 4.18 J/g °C. The molar heat 
of vaporization is 40.6 kJ/mol. The resulting sample contains which of the following?
A) only ice
B) ice and water
C) only water
D) water and water vapor
E) only water vapor

____ 52. You are given the following boiling point data. Which one of the liquids would you expect to have 
the highest vapor pressure at room temperature?
A) water, H2O                                              100°C
B) methanol, CH3OH                                 64.96°C
C) ethanol, CH3CH2OH                               78.5°C
D) diethyl ether, CH3OH2–O–CH2CH3          34.5°C
E) ethylene glycol, HO–CH2–CH2–OH         198°C
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____ 53. Given below are the temperatures at which two different liquid compounds with the same 
empirical formula have a vapor pressure of 400 torr.

Compound T (°C)
dimethyl ether, CH3–O–CH3 –37.8
ethanol, CH3CH2OH 63.5

Which of the following statements (a–d) is false?

A) Increasing the temperature will increase the vapor pressure of both liquids.
B) Intermolecular attractive forces are stronger in (liquid) ethanol than in (liquid) 

dimethyl ether.
C) The normal boiling point of dimethyl ether will be higher than the normal boiling 

point of ethanol.
D) The reason that the temperature at which the vapor pressure is 400 torr is higher 

for ethanol (than for dimethyl ether) is that there is strong hydrogen bonding in 
ethanol.

E) None of these is false.

____ 54. Given the graph below, what is the boiling point of chloroform at standard pressure?

A) 77°C
B) 34°C
C) 98°C
D) 60°C
E) The graph does not give that information.

____ 55. A liquid placed in a closed container will evaporate until equilibrium is reached. At equilibrium, 
which of the statements (A-D) is false?
A) The partial pressure exerted by the vapor molecules is called the vapor pressure of 

the liquid.
B) Liquid molecules are still evaporating.
C) The number of vapor molecules remains essentially constant.
D) The boundary (meniscus) between liquid and vapor disappears.
E) All of these are true.
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____ 56. Which one of the following decreases as the strength of the attractive intermolecular forces 
increases?
A) the heat of vaporization
B) the normal boiling temperature
C) the extent of deviations from the ideal gas law
D) the sublimation temperature of a solid
E) the vapor pressure of a liquid

____ 57. Knowing that ΔHvap for water is 40.7 kJ/mol, calculate Pvap of water at 58°C.
A) 5.3 torr
B) 456 torr
C) 14.8 torr
D) 759 torr
E) 144 torr

____ 58. Water sits in an open beaker. Assuming constant temperature and pressure, the rate of evaporation 
decreases as the water evaporates.

____ 59. Water sits in an open beaker. Assuming constant temperature and pressure, the vapor pressure of 
the water decreases as the water evaporates.

____ 60. Generally the vapor pressure of a liquid is related to:
I. the amount of liquid
II. atmospheric pressure
III. temperature
IV. intermolecular forces

A) I, III
B) II, III, IV
C) I, III, IV
D) III, IV
E) I, II, III, IV

____ 61. In which of the following processes will energy be evolved as heat?
A) sublimation
B) crystallization
C) vaporization
D) melting
E) none of these
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____ 62. When one mole of benzene is vaporized at a constant pressure of 1.00 atm and at its boiling point 
of 353.0 K, 30.56 kJ of energy (heat) is absorbed and the volume change is +28.90 L. What is ΔE 
for this process? (1 L�atm = 101.3 J)
A) 30.56 kJ
B) 59.46 kJ
C) 33.49 kJ
D) 1.66 kJ
E) 27.63 kJ

____ 63. When one mole of benzene is vaporized at a constant pressure of 1.00 atm and at its boiling point 
of 353.0 K, 30.53 kJ of energy (heat) is absorbed and the volume change is +28.90 L. What is ΔH 
for this process? (1 L�atm = 101.3 J)
A) 27.60 kJ
B) 33.46 kJ
C) 1.63 kJ
D) 30.53 kJ
E) 59.43 kJ

____ 64. The normal boiling point of liquid X is less than that of Y, which is less than that of Z. Which of 
the following is the correct order of increasing vapor pressure of the three liquids at STP?
A) X, Y, Z
B) Z, Y, X
C) Y, X, Z
D) X, Z, Y
E) Y, Z, X

____ 65. The vapor pressure of water at 100.0°C is
A) 85 torr
B) 760 torr
C) 175 torr
D) 1 torr
E) More information is needed.

____ 66. Which of the following has the highest boiling point?
A) chalk (calcium carbonate)
B) ice (water)
C) window cleaner (ammonia)
D) motor oil (hydrocarbon chains)
E) helium gas inside a party balloon
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____ 67. How many grams of ice would be melted by the energy obtained as 16.2 g of steam is condensed at 
100°C and cooled to 0°C? 
     specific heat (ice) = 2.10 J/g°C
     specific heat (water) = 4.18 J/g°C
     heat of fusion = 333 J/g
     heat of vaporization = 2258 J/g
A) 43.4 kg
B) 36.6 kg
C) 130 g
D) 6.77 kg
E) 20 g

____ 68. The process of changing from a vapor to a liquid is vaporization.

____ 69. A certain substance, X, has a triple-point temperature of 20°C at a pressure of 2.0 atm. Which one 
of the statements (A-D) cannot possibly be true?
A) X can exist as a liquid above 20°C.
B) X can exist as a solid above 20°C.
C) Liquid X can exist as a stable phase at 25°C, 1 atm.
D) Both liquid and solid X have the same vapor pressure at 20°C.
E) All of the statements (A-D) could be true.

____ 70. Which statement regarding water is true?
A) Energy must be given off in order to break down the crystal lattice of ice to a 

liquid.
B) Hydrogen bonds are stronger than covalent bonds.
C) Liquid water is less dense than solid water.
D) Only covalent bonds are broken when ice melts.
E) All of the statements (A–D) are false.

____ 71. The triple point of iodine is at 90 torr and 115°C. This means that liquid I2

A) is more dense than I2(s)
B) cannot exist above 115°C
C) cannot exist at 1 atmosphere pressure
D) cannot have a vapor pressure less than 90 torr
E) can exist at pressure of 10 torr

____ 72. The triple point of CO2 is at 5.2 atm and –57°C. Under atmospheric conditions present in a typical 
Boulder, Colorado, laboratory (P = 630 torr, T = 23°C), solid CO2 will:
A) remain solid
B) boil
C) melt
D) sublime
E) none of these
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____ 73. Choose the correct statement about the diagram below.

A) The diagram is qualitatively correct for water.
B) The diagram shows that the melting point of the solid increases with increasing 

pressure.
C) The diagram shows the triple point above 1 atm pressure.
D) The diagram could represent the phase diagram of CO2.
E) None of the above statements is correct.

____ 74. Below is a phase diagram for compound Q. You wish to purify a sample of Q that was collected at 
P = 1.0 atm and T = 100 K by subliming it. In order to sublime the sample, you should:

A) Increase P to 1.5 atm and then increase T to 300 K.
B) Increase T to 300 K, keeping P = 1.0 atm.
C) Lower P to 0.5 atm and then increase T to 200 K.
D) Increase T to 300 K and then lower P to 0.5 atm.
E) Abandon the attempt to sublime Q.
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____ 75. Shown below is a phase diagram for compound Y. At 25°C and 1 atm Y will exist as a:

A) solid
B) liquid
C) gas
D) gas/liquid at equilibrium
E) gas/solid at equilibrium

____ 76. Below is a phase diagram for compound Y. The normal boiling point of Y is most likely:

A) 21°C
B) 47°C
C) 63°C
D) 18°C
E) 0°C
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____ 77. Shown below is a phase diagram for compound Y.

How will the melting point of Y change with increased pressure?
A) increase
B) decrease
C) remain the same
D) not enough information given
E) increase and then decrease

____ 78. Based on the phase diagram shown below, which of the following statements are correct?

 I. Sublimation occurs at a point in the transformation that occurs along a straight line 
from point A to point F.

II. C and E represent points where the gas and liquid phases are in equilibrium.
III. ΔHvap can be measured at point B.
IV. Molecules at point D have a greater average kinetic energy than those at point F.
V. The temperature at point E is called the critical temperature of the compound.

A) II, V
B) I, III, IV
C) I, II, III
D) II, IV, V
E) I, II, IV
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____ 79. A certain substance has the phase diagram shown below. At which of the following values of T and 
P is the substance a pure liquid?

A) T = 8°C, P = 1 atm
B) T = 10°C, P = 0.5 atm
C) T = 70°C, P = 1.2 atm
D) T = 80°C, P = 1 atm
E) T = 10°C, P = 1 atm

____ 80. A sample consisting of CO2(g) and CO2(s) at equilibrium at –78°C and 1 atm pressure is heated to 
–30°C and the pressure is increased to 8 atm. Based on the phase diagram below, what will 
happen?

A) At equilibrium, only CO2(g) will be present.
B) All of the CO2 will be converted to CO2(l).
C) At equilibrium, CO2(g) and CO2(l) will be present.
D) The melting point of the CO2(s) will decrease.
E) None of these.
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____ 81. Given the phase diagram below, which of the following statements (A–D) is false?

A) The solid has a higher density than the liquid.
B) At some (constant) temperature, the gaseous substance can be compressed into a 

solid and then into a liquid in this order.
C) When phase A is compressed at constant temperature at point X, no change is 

observed.
D) When heated at 1 atm, this substance will first melt, then boil.
E) None of the above statements is false.

____ 82. The density of the solid phase of a substance is 0.90 g/cm3 and the density of the liquid phase is 
1.0 g/cm3. A large increase in pressure will
A) lower the freezing point
B) raise the freezing point
C) lower the boiling point
D) raise the triple point
E) lower the triple point

____ 83. For each of the following pairs of substances, select the one expected to have the higher melting 
point:
I. H2O, H2S  II. HCl, NaCl  III. CH4, C3H8

A) H2O, HCl, C3H8

B) H2O, NaCl, C3H8

C) H2O, NaCl, CH4

D) H2S, HCl, CH4

E) H2S, NaCl, CH4

____ 84. For each of the following pairs of substances, select the one expected to have the lower melting 
point:
I. H2O, H2S  II. HCl, NaCl  III. CH4, C3H8

A) H2O, HCl, C3H8

B) H2O, NaCl, C3H8

C) H2O, HCl, CH4

D) H2S, HCl, CH4

E) H2S, NaCl, CH4
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____ 85. Which of the following compounds is expected to have the HIGHEST boiling point?
A) CH3OCH3

B) CH3CH2OH
C) CH3CH2CH2CH3

D) CH3CH2CH3

E) CH3Cl

____ 86. Which of the following compounds is expected to have the HIGHEST melting point?
A) CH3OCH3

B) CH3CH2OH
C) CH3CH2CH2CH3

D) CH3CH2CH3

E) CH3Cl

____ 87. Which of the following compounds is expected to have the LOWEST melting point?
A) CH3OCH3

B) CH3CH2OH
C) CH3CH2CH2CH3

D) CH3CH2CH3

E) CH3Cl

____ 88. Which of the following compounds is expected to have the LOWEST boiling point?
A) CH3OCH3

B) CH3CH2OH
C) CH3CH2CH2CH3

D) CH3CH2CH3

E) CH3Cl

____ 89. The measure of resistance to flow of a liquid is
A) van der Waals forces
B) vapor pressure
C) London forces
D) surface tension
E) viscosity

____ 90. Which of the following would be expected to have the lowest heat of vaporization?
A) H2O
B) NH3

C) PH3

D) AsH3

E) CH4
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____ 91. Which of the following is indicative of the existence of strong intermolecular forces of attraction in a 
liquid?
A) a very low boiling point
B) a very low viscosity
C) a very low vapor pressure
D) a very low heat of vaporization
E) a very low freezing point

____ 92. Which of the following intermolecular forces exist in all solid substances?
A) Dispersion forces
B) Dipole-dipole forces
C) Covalent bonding
D) Hydrogen bonding
E) Ion-induced dipole forces

____ 93. Consider the compounds CH3OH, CCl4, and CH3Br.  For each compound, list the strongest 
intermolecular force that operates within a sample of that compound.
A) H-bonding is the strongest intermolecular force in CH3OH, dispersion is the 

strongest intermolecular force in CCl4, and dipole-dipole is the strongest 
intermolecular force in CH3Br

B) Dispersion is the strongest intermolecular force in CH3OH, dispersion is the 
strongest intermolecular force in CCl4, and dispersion is the strongest 
intermolecular force in CH3Br.

C) Ion-dipole is the strongest intermolecular force in CH3OH, Ion-dipole is the 
strongest intermolecular force in CCl4, and dipole-dipole is the strongest 
intermolecular force in CH3Br.

D) Dipole-induced dipole is the strongest intermolecular force in CH3OH, dispersion 
is the strongest intermolecular force in CCl4, and dipole-dipole is the strongest 
intermolecular force in CH3Br.

E) Ion-induced dipole is the strongest intermolecular force in CH3OH, dispersion is 
the strongest intermolecular force in CCl4, and H-bonding is the strongest 
intermolecular force in CH3Br.

____ 94. In a standard phase diagram that plots temperature versus pressure, which one of the following 
statements is TRUE?
A) Three phases coexist at equilibrium at any point along one of the lines that 

separate regions (areas) on the phase diagram.
B) Two phases coexist at equilibrium at the triple point on the phase diagram.
C) The gas-solid line ends at a critical point on the phase diagram, beyond which 

evaporation cannot occur.
D) The gas-liquid line ends at the critical point on the phase diagram, beyond which a 

gas cannot be compressed to form a liquid. 
E) In fact, all the above statements are false




