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Review for Chapter 11                                  
AP Chemistry

Essential Questions: You should be able to answer the following essential learning questions at the end of Chapter 11.

· What are intermolecular forces of attraction and how do they impact the properties of a substance? 
· What is the different between hydrogen bonding, dipole-dipole interactions, London dispersion forces and ion dipole interactions?
· How are viscosity, surface tension and vapor pressure affected by intermolecular forces of attraction?
· What are phase diagrams and what is the significance of the phase diagrams?

·  Your own question (s)….

Connections to the real-world and other Chemistry Units

· Give three examples of situations where intermolecular forces impact real life. (Hints: water strider bug, physical states of the matter- water as liquid or dry ice as gas at room pressure, making lemonade and writing with a pencil on a paper, dry cleaning, washing clothes/dishes)
· You will be using this knowledge in Ch 13 again with boiling point elevation or freezing point depression and solubility. 
· Understanding the different types of IMFs will help you get a good understanding for solids, liquids and gases at the molecular level—an essential for your success in Chemistry.

Explain with diagrams how each of the four intermolecular forces work. 
Ion-Dipole                             Dipole-Dipole                 H-Bonding                 LDFs
Level 1 Problems:  10,12,14,24,41,46,65, 74
Move on to level 2 and 3, after a few level 1 problem, if you feel comfortable with level 1 problems.
Level 2 and 3 Problems (Do at least 5 problems from each WS)

Choose the option that completes the statement or answers the questions.  Also, give a short answer (drawings may also help!) that explains why you chose that option.

WS 1 on IMFs
1. In which of the following processes are covalent bonds broken?

(A) Melting benzene

(B) Melting quartz

(C) Boiling C2H5OH

(D) Evaporating water

(E) Dissolving bromine in water

2. Which of the following is insoluble in water?

(A) KI
(B) CO2 

(C) NaBr 

(D) CHCl3
(E) Mg(OH)2
3. Which of these solids is the best conductor of electricity?

(A) Tungsten

(B) Carbon dioxide, “dry ice”

(C) Sodium chloride

(D) Ice

(E) Quartz

4. Which of the following will be highest melting?

(A) Naphthalene, C10H8
(B) Methane, CH4
(C) Hg

(D) SiO2
(E) C2H5OH

5. Which of the following is an example of a substance held together by dispersion forces that melts far below room temperature?

(A) sodium

(B) germanium

(C) neon

(D) calcium chloride

(E) water

6. Which of the following will be most soluble in water?

(A) C10H8
(B) Br2 

(C) NaI 

(D) SiC 

(E) Cr

7. Which of the following choices is an example of a high melting, network solid consisting of covalently bonded atoms?

(A) Sodium

(B) germanium

(C) neon

(D) calcium chloride

(E) water

8. Which of the following would have the lowest melting point?

(A) iron

(B) BaCl2
(C) Cl2
(D) water

(E) I2
9. Which of the following molecules is not capable of hydrogen bonding?

(A) H2NCN

(B) H2O2
(C) H2F+
(D) HCN

(E) [NH3F]+
10. A student is given a sample of a solid to test in the lab. He tests solubility of the sample in H2O and then in CCl4. Both tests are negative. He then tests the volatility of the sample and discovers it to be very volatile. The solid vaporizes as soon as it touches the hot spatula. What can the student conclude?

(A) The sample must be metallic.

(B) The sample is a covalent network solid.

(C) The sample is a molecular compound.

(D) The sample is ionic.

(E) None of the above. The results of the tests are contradictory.

11. Which of these solvents will dissolve salt, NaCl?

(A) carbon tetrachloride

(B) acetone, (CH3)2CO

(C) benzene, C6H6
(D) carbon disulfide, CS2
(E) bromine

12. Which of these tests would best distinguish between sodium chloride and diamond dust, both of which are finely divided clear crystals?

(A) volatility-—NaCl is volatile while diamond is not.

(B) solubility in benzene—NaCl will dissolve in a nonpolar solvent.

(C) conductivity—NaCl is ionic and will conduct electricity in the solid form.

(D) solubility in water—only NaCl will dissolve.

(E) heat samples—NaCl will decompose.
WS 2 on IMF
1. Which of the following will have the highest melting point?

(A) benzene, C6H6
(B) CF4
(C) Hg

(D) silicon

(E) C2H5OH

2. Which of the following substances melts far below room temperature and is held together by dispersion forces?

(A) potassium

(B) quartz

(C) magnesium oxide

(D) argon

(E) water

3. Which of the following would be lowest melting?

(A) gold

(B) BaO

(C) Br2
(D) ice

(E) I2
4. Which of the following is a polar molecular compound?

(A) CH4
(B) SO2
(C) SiO2
(D) hydrogen

(E) BH3
5. Which of the following processes would require the most energy?

(A) melting iodine

(B) boiling SiH4
(C) dissolving Br2 in CCl4
(D) vaporizing H2O2
(E) melting KMnO4
6. Out of the following molecules, which would you expect to have the largest lattice energy:

(A) NaCl

(B) KCl

(C) RbCl

(D) KBr

(E) CaO

7. The normal freezing and boiling points of oxygen are 54.75 K and 90.19 K, respectively. The triple point is at 54.3 K.

(A) Use these data to draw a phase diagram for oxygen. 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.

(B) What changes will be observed in a sample of oxygen when the temperature is increased from 40 K to 150 K at a constant pressure of 1.00 atm.
WS 3 on IMF
1. Select the highest boiling member of each pair and indicate which intermolecular forces are involved.

(A) K2CrO4 or HNO3
(B) NH3 or CH4
(C) H2O2 or H2S

(D) PH3 or SbH3
2. Indicate the strongest attractive forces that must be overcome to

(A) Vaporize Hg

(B) Melt NaNO3
(C) Boil C3H7OH

(D) Dissolve (CH3)2CO in H2O

3. State TRUE or FALSE accordingly and provide an explanation if false.

(A) KBr is higher melting than IF.

(B) C2H5OH is higher boiling than C2H5Cl.

(C) Dry Ice (solid CO2) melts readily at room temperature.

(D) Iodine is more volatile than bromine.

4. Use the principles of intermolecular forces and/or chemical bonding to explain each of the following.

(A) Neon has a lower boiling point than krypton.

(B) Solid silver chloride is not a good conductor of electricity though solid silver metal is an excellent conductor of electricity.

(C) At room temperature silicon dioxide, SiO2 , is a solid. If you move up in group IV to carbon and look at the analogous molecule, carbon dioxide, CO2 , you will see that it is a gas at room temperature. Explain how oxides of members of the same family can have widely varying physical properties.

(D) Molecules of BF3 are nonpolar while PF3 is polar.

5. Within the Group I metals, the boiling points decrease from Lithium to Cesium. In contrast, the boiling points of the halogens increase as you go down the family.

(A) Account for the decrease in the boiling points of the Group I metals in terms of bonding principles. 

(B) Account for the increase in the boiling points of the halogens in terms of bonding principles.

(C) What trend is expected in the boiling points of the compounds LiF, NaCl, KBr and CsI? Use bonding principles to explain.


WS 1,2,3 on IMF KEY
Worksheet 1

1. B – Quartz is the only covalent network solid present

2. E – Mg(OH)2 is insoluble in water
3. A – Tungsten is a metal
4. D – SiO​2 is a covalent network solid, others are molecular, except Hg, which is low-melting metal
5. C – Neon is an atomic solid, held together only by London dispersion forces
6. C – sodium ionic compounds are always soluble in water
7. B – Germanium

8. C – Cl2 is a nonpolar molecular compound, like I2, but has a lower MP because it is a lower molecular weight, which influences London dispersion forces.

9. D – H is not bonded to N, O, or F

10. E – The negative tests suggest that the unknown is a covalent network, metallic, or non-solubility ionic compound.  However, since it is highly volatile, this implies weak IMFs, which contradicts the first tests.

11. B – Acetone is polar

12. D – Solubility in water

Worksheet 2

1. D – Silicon is the only covalent network solid present

2. D – Argon is an atomic solid, held together only by London dispersion forces
3. C – Br2 is a nonpolar molecular compound, like I2, but has a lower MP because it is a lower molecular weight, which influences London dispersion forces by lesser electron cloud distortion.

4. B – SO2: Lewis structure is bent

5. E – Melting an ionic compounds means breaking ionic bonds, which are more energetic than breaking the IMFs in the other options.

6. E – CaO has the ionic charges of greatest magnitude, and the smallest ionic radii. Higher LE.
7. A


Worksheet 3
1. A – K2CrO4 has ionic bonds

B – NH3 has H-bonding

C – H2O2 has H-bonding

D – SbH3 heavier, so greater London dispersion forces

2. A – metallic bonds

B – ionic bonds

C – H-bonds

D – H-bonds

3. A – True (ionic bonds are stronger than dipole-dipole)

B – True (H-bonds are stronger than dipole-dipole)

C – False (It sublimes.)

D – False (I2 has greater MW, so greater LDF)

4. A – Neon has lower MW, so weaker LDF)

B – Electrons are localized in ionic solids, but delocalized in metallic solids

C – Group IV has a nonmetal (C), metalloids (Si, Ge), and metals (Sn, Pb).  Therefore, there are many types of bond that they make in different substances.

D – BF3 is nonpolar, trigonal planar molecule since B is stable with an incomplete octet, while PF3 is a polar, trigonal bipyramidal molecule.

5. A – Larger metallic atoms means weaker metallic bonds since valence electrons are held more loosely.

B – Increasing MW means greater LDF due to greater electron cloud distortion.

C – BP should decrease because as ions get larger, ionic forces of attraction decrease, decreases LE. 
Problems from AP Tests

1. Butane, chloroethane, acetone, and 1-propanol all have approximately the same molecular weights. Data on their boiling points and solubilities in water are listed in the table below.

	Compound
	Formula
	Boiling Pt.(ºC)
	Solubility in water

	Butane
	CH3CH2CH2CH3
	0
	insoluble

	Chloroethane
	CH3CH2Cl
	12
	insoluble

	Acetone
	CH3C[image: image1.wmf]C 

||

O 

CH3
	56
	completely miscible

	1-Propanol
	CH3CH2CH2OH
	97
	completely miscible


On the basis of dipole moments (molecular polarities) and/or hydrogen bonding, explain in a qualitative way the differences in the

(a)
boiling points of butane and chloroethane.

(b)
water solubilities of chloroethane and acetone.

(c)
water solubilities of butane and 1-propanol.

(d)
boiling points of acetone and 1-propanol.

Answer:

First organize your thoughts by writing key words, then write your response.

(a) boiling points of butane and chloroethane.

Connection: BP(IMF( Identify type of IMF in each( Compare the strength of IMF in each butane and chloroethane


Key Words: LDFs, Dipole-Dipole

Response: Butane being organic and non polar has only LDFs while chloroethane is polar and has dipole-dipole forces. Since dipole-dipole bonds are stronger than LDFs, it will take higher energy to overcome dipole-dipole interactions; hence BP of Chloroethane is greater than BP of butane.

(b) water solubilities of chloroethane and acetone.

Connection

Key Words: 

Response:

(c) water solubilities of butane and 1-propanol.

Connection

Key Words: 

Response:

(d)
boiling points of acetone and 1-propanol.

Key Words: 

Response:

2. 1985 D


Substance
Melting Point, ºC

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.
(b)
For any pairs of substances that have the same kind(s) of attractive forces and/or bonds, discuss the factors that cause variations in the strengths of the forces and/or bonds.
3. 1988 D

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

(a) Xenon has a higher boiling point than neon has.

Step 1: Identify the IMF (because bp depends upon IMF)

Step 2: Write the Key words

Step 3: Write Response

(b)
Solid copper is an excellent conductor of electricity, but solid copper chloride is not.

(c)
SiO2 melts at a very high temperature, while CO2  is a gas at room temperature, even though Si and C are in the same chemical family.

(d)
Molecules of NF3 are polar, but those of BF3 are not.

Answers to the AP Test Questions

1. (a)
Butane is nonpolar; chloroethane is polar. Intermolecular forces of attraction in liquid chloroethane are larger due to dipole-dipole attraction; thus a higher boiling point for chloroethane.

(b)
Both chloroethane and acetone are polar. However, acetone forms hydrogen bonds to water much more effectively than chloroethane does, resulting in greater solubility of acetone in water.

(c)
Butane is non-polar and cannot form hydrogen bonds; 1-propanol is polar and can form hydrogen bonds. 1-propanol can interact with water by both dipole-dipole forces and hydrogen bonds. Butane can interact with water by neither means. Thus, 1-propanol is much more soluble.

(d)
Acetone molecules are attracted to each other by van der Waals attraction and dipole-dipole attraction. 1-propanol molecules show these two types of attraction. However, 1-propanol can also undergo hydrogen bonding. This distinguishing feature results in the higher boiling point of 1-propanol.

2. (a)
H2 and C3H8 have low melting points because the forces involved were 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 very strong covalent bonds.

 (b)
C3H8 and H2: There are more interactions per molecule in C3H8 than 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 [image: image2.wmf]1 
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3. (a)
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)
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 is a covalent network solid. There are strong bonds, many of which must be broken simultaneously to volatilize 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.

(d)
In NF3 a lone pair of electrons on the central atom results in a pyramidal shape. The dipoles don’t cancel, thus the molecule is polar.


While in BF3 there is no lone pair on the central atom so the molecule has a trigonal planar shape in which the dipoles cancel, thus the molecule is nonpolar.
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54.3 54.75  90.19





B	40 to 54.75K = solid


At 54.75 = melting


54.75 to 90.19K = liquid


At 90.19K = vaporization


90.19K to 150K = gas








