Unit Review Sheet KEY
Basic Skills and Content

1. What intermolecular forces would be present in each of the following samples of matter? For each
sample, also say which type of intermolecular force is likely to be stronger, or more important.

a. Ammonia gas, NH, b. Nitrogen gas, N,
H-bonds and LD forces LD forces only
H-bonds are stronger, more important

c. Neon gas, Ne d. liquid chlorofluorocarbon, CCL,F,

LD forces only dipole-dipole and LDF, dip-dip likely more important
e. formaldehyde, CH,0O f. hydrogen iodide gas, HI

dipole-dipole forces and LD forces dipole-dipole and LDF’s, dip-dip likely more important
g. acetic acid, CH;COOH h. trimethyl amine

LD forces and dipole-dipole (H-bonds) dipole-dipole forces and LDF’s

H-bonds likely more important dipole-dipole forces are likely more important

2. How are the strengths of dipole-dipole forces compared to one another? Give examples.
Dipole-dipole strengths are compared based on molecule polarity. A more polar molecule with a larger
difference in electronegativity between covalently bonded atoms, will experience stronger dipole-dipole
forces. This is what defines the especially strong dipole-dipole forces known as hydrogen bonds. If one
of the molecules contains H covalently bonded to O, N or F, the large AEN leads to a bond that has a
very large dipole. The partial charges that develop here will be very strongly attracted to other polar
molecules. To be counted as an H-bond, the hydrogen atom of this bond has to be attracted to either O,
N or F in the other molecule.

3. How are the strengths of London dispersion forces compared to one another? Give examples.
LDF strengths can be compared two ways. First, in chain based molecules, a longer straighter chain will
experience stronger LDF’s. This is because the chain has more contact area where LDF’s can form with
other molecules. C8H18 for example, would have stronger LDF’s than CH4. Second, a larger electron

cloud will lead to stronger LDF’s. This is because a larger electron cloud is more polarizable. This is why
I2 would have stronger LDF’s than Fz'

4. Describe gas pressure and the factors that can affect it in a rigid container? How do these factors change
in a flexible container?
Gas pressure is caused by gas particles colliding with the inside walls of a container. The force exerted
by these collisions per unit of surface area is the gas pressure. In a rigid container, increasing
temperature, adding more particles, or decreasing the volume, will increase the amount of collisions per
unit of surface area, and thus increase the pressure. In a flexible container, the pressure will generally
remain constant because the internal pressure remains the same as the external pressure. Here,
increasing temperature or adding more particles will instead cause the volume to increase. Pressure
remains constant because the increased collisions are spread out over a greater internal surface.

5. What explains the fact that liquids will change their shape, but not their volume? Your answer should
include references to the particles composing the liquid and the forces between them.
Liquid particles have IM forces that hold strongly enough that there is no space between them, so they
can not be compressed, and therefore do not change their volume. They do however, have enough
kinetic energy to maintain motion, they will change their shape.
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6. What makes a substance behave as a real gas vs. an ideal gas? What conditions can affect this behavior?
Gas laws are based on the assumption that gas particles do not experience any IMF’s. When you
consider that all gases DO experience some (although usually very weak) IMF’s, we call them real gases.
These gases are said to “deviate from ideal behavior” because they behave in ways not predicted by the
gas law relationships. These deviations will be lower than PV=nRT predicts when gases have stronger
IMF’s and when gases are at lower temperatures since particles collide less often with the inside walls of
their container. The deviations will be higher than PV=nRT predicts when gas particles are larger and
are under higher pressures (due to container volume decrease or added particles). This is because the
particles have less space to move so will collide with the inside walls of the container more often.

7. Summarize the types of solids in terms of the type of particles that compose them and the interparticle
forces at work?
Molecular solids are composed of molecules that are held in fixed positions with intermolecular forces.
lonic solids are composed of cations and anions that are held in a lattice structure with ionic bonds.
Covalent network solids are composed of nonmetal atoms covalently bonded to other nonmetal atoms
but without the formation of distinct molecules. Metallic solids are composed of metallic cations
attracted to the sea of delocalized valence electrons surrounding them.

8. Rank the solid types listed above from highest to lowest melting points.
Generally speaking, molecular solids have the lowest melting points because only intermolecular forces
have to be broken in order to convert them into the liquid state. Intermolecular forces are far weaker
than intramolecular forces, so less energy is needed. Metallic, ionic and covalent network solids all
have high melting points because intramolecular forces would need to be broken in order to convert
them into the liquid state. Covalent network solids tend to have the highest melting points because of
the extremely strong covalent bonding that exists between the nonmetal atoms.

9. Why do ionic solids conduct electricity in their molten and dissolved states, but not in the solid state?
To conduct electricity, a substance must have free-flowing charged particles. lonic solids have charged
particles, but in the solid state they are held in place, so are not free flowing. In the dissolved and
molten states those ions are free to move and carry an electric current.

10. What is the difference between interstitial alloys and substitutional alloys? What effect does these
differences have on the properties? Interstitial alloys are made of a mixture of metallic atoms where
one is larger in size (radius) than the other. In the model below, the blue atom is the larger metallic
element and the green atom is the smaller. The smaller atom can fit into the spaces between the larger
atoms, called interstices. These alloys tend to be harder than just the metal alone because the smaller
atoms make it harder to re-align the rows of atoms.
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Substitution alloys are made of a mixture of metallic atoms that are similar in size (radius). The
properties of these will be a combination of the two metals being mixed together.
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Describe the process of dissolving. How does one substance dissolve in another? What role do attractive
forces play? What role does polarity play?
Dissolving requires that solute particles separate from one another as they become surrounded by
solvent particles. In terms of attractive forces, the solute-solute interactions must break. Some
solvent-solvent interactions will break as well when the solute particles enter the solution. Then,
attractive forces form between the solute and solvent particles that are strong enough to overcome the
solute-solute and solvent-solvent interactions. This usually happens when polar solutes are mixed with
polar solvents and when nonpolar solutes are mixed with nonpolar solvents.

Determine which of the following are soluble or insoluble in water using the solubility rules.

a. Lithium hydroxide (soluble) d. Ammonium acetate (soluble)
b. Calcium sulfate (insoluble) e. Lead(ll) chloride (insoluble)
c. Potassium phosphate (soluble) f. Strontium sulfide (insoluble)

*Note: For any AP Chem test, you would only be responsible for being able to answer a, ¢, and d. The
others require a reference sheet for solubility rules.

Describe how each of the following pairs of substances dissolve/mix in one another. Be sure to mention
the series of bond making and bond breaking steps involved in each process.

NaOH(s) in H,O(l)

Solubility rules predict that NaOH would be soluble in water

Bonds broken: 1. lonic bond between Na* and OH" 2. H-bonds between H,0 molecules
Bonds formed: lon-dipole interactions between H,0 and Na* and OH’ions.

Formaldehyde, CHZO, in liquid water

Since both are polar, formaldehyde is probably soluble in water
Bonds broken: 1. dip-dips between CHZO molecules 2. H-bonds between H,0 molecules

Bonds formed: H-bonds between HZO and CHZO molecules

Quartz, SiO,(/) in H,0()

Quartz is a covalent network solid, so is not soluble in any common solvent. The forces between Si and
O atoms are covalent bonds which are too strong to be broken by any attractive force that the atoms
might form with another solvent particle.

I, (s) in CCl, ({)
Since both are nonpolar, I2 is probably soluble in CCl4

Bonds broken: 1. LDF’s between I2 molecules 2. LDF’s between CCl4 molecules

Bonds formed: LDF’s between I2 and CCl4 molecules

Describe how light absorption can be used to measure the concentration of solutions. Talk about solute
color, solvent color, incident light, absorbed light, transmitted light, concentration, and path length.

As light passes through a colored solution, the solute particles will absorb some of that light. If there
are more solute particles (a greater concentration), more light will be absorbed and less will be
transmitted. The same is true for longer path lengths since the light will interact with a greater number
of solute particles as it travels a greater distance through the solution. This only works if the solvent is
clear and the solute has a color.

Describe how the solution separation methods known as distillation and chromatography? How do they
use intermolecular forces to separate the components of a mixture?
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Chromatography separates solute components as they flow through a stationary phase, carried along by
a mobile phase (solvent). If the solute is strongly attracted to the mobile phase, it will travel farther. If
the solute is more strongly attracted to the stationary phase or more weakly attracted to the mobile
phase, it won’t travel as far. Therefore, for polar solvents, the more polar solutes will travel the
farthest. For nonpolar solvents, the more nonpolar solutes will travel the farthest.

Distillation separates solution components based on differences in their boiling points. Whichever
solution component has the weaker IMF’s and therefore the lower boiling point, will vaporize first and
can be collected first.

16. The absorptivity of a particular chemical is 1.5/M-cm. What is the concentration of a solution made from
this chemical if a 2.0 cm sample has an absorbance of 1.20?

A = ebc
1.20 = (1.5 M cm_l)(Z cm)c
c=0.4M

17. Write a balanced equation for the following substances dissolving in water.
a.Na,S0O, (s) 2Na+(aq) + SO;Z(aq) d.CH,O ()& CHZO(aq)

b. H,0, (B H,0, (aq) e. Al(G,H;0,),8 Al (aq) + 3C,H.0" (aq)

c.HBr(s)B H (aq) + Br (aq)

AP Style Questions

1. Lewis diagrams and boiling points for two molecules are given in the table below.
a. Clearly identify ALL the intermolecular forces in pure CBr4(l) and pure CBrCle(l).

CBr4 experiences only London dispersion forces.
CBrClF2 experiences LDF’s and dipole-dipole forces.

b. Interms of the relative strengths of the IMF’s, explain CBr4(l) has a higher boiling point.
CBr4 has a higher boiling point because the London dispersion forces (LDF’s) between CBr4
molecules are stronger than the dipole-dipole forces and LDF’s between CBrClF2 molecules.
This is due to the larger and more polarizable electron cloud of CBr4. Stronger attractive forces

require more energy to break and therefore result in a higher boiling point for CBr4.

2. What is the best explanation for the difference in boiling points between HF (19°C) and HCl (-155°C)?
Both molecules are polar, but because F is more electronegative than Cl, HF molecules are more polar.
This means that the dipole-dipole forces between HF molecules are stronger (H-bonds) than the
dipole-dipole forces between HCl molecules. Therefore, more energy is required to break the H-bonds
between HF molecules during the boiling process.

3. What would you expect to have the highest enthalpy of vaporization: CCl, or CH,? Explain.
Both molecules are nonpolar, so will only experience LD forces. CCl, however has a larger electron cloud
than CH, and is therefore more polarizable. This results in stronger LD forces between CCl, molecules,
which require more heat energy to break, so a higher enthalpy of vaporization is expected for CCl,.
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4. Why does ethanol boil at a higher temperature than ethanethiol? Their structures are shown below.
H H H H Both molecules are polar, but the very polar O — H bond
| | | in ethanol causes stronger dipole-dipole forces

H—C—C—OH H—C —C —5 (H-bonds) to form between ethanol molecules.
| | | | | Therefore, more heat energy is required to break the
H H H H H H-bonds between ethanol molecules, so it will have a

higher boiling point.

5. What is the best explanation for the fact that Br, has a higher boiling point than HBr?
Br, is a nonpolar molecule, experiencing only London dispersion forces, while HBr is polar, experiencing
dipole-dipole forces. Typically, London dispersion forces are weaker than dipole-dipole forces, but the
higher boiling point of Br, suggests that in this case, the opposite is true. The LDF’s between Br,
molecules must actually be stronger than the dipole-dipole forces between HBr molecules. This is
probably due to the large electron cloud of Br,, making it highly polarizable and therefore able to form
stronger LDF’s.

6. Some information related to Compounds X and Y is collected in the table below.

a. Astudent claims that compound Y has a higher boiling point than compound X because compound
Y has stronger hydrogen bonds. Do you agree or disagree? Explain.
Disagree. Both molecules contain the same, single polar region capable of forming hydrogen
bonds to other molecules. Therefore, there would be no significant difference in hydrogen bond
strength.

b. A student claims that compound Y has a higher boiling point than compound X because compound
Y has stronger London dispersion forces. Do you agree or disagree? Explain.
Agree. The only significant difference between the two compounds is the central Si atom in
compound Y. This Si has a larger electron cloud than the central C atom in compound X so it is
therefore more polarizable and will experience stronger LDF’s.

c. An equimolar mixture of the two compounds is heated. When the mixture reaches 82 degrees C,
which compound will have the higher vapor pressure? Justify your answer.
Compound X. At 82 degrees, compound X will be boiling while compound Y will only be
evaporating. Boiling will produce more vapor and therefore a higher vapor pressure.
Additionally, compound X has weaker intermolecular forces than Y, and will therefore have a
higher vapor pressure at any given temperature.

d. The mixture is heated to 198 degrees C in a sealed, rigid 12.5 L container, at which point both
substances are gases and the total pressure is 2.30 atm. Calculate the number of moles of gas
particles in the container.

PV = nRT
(2.30 atm)(12.5 L) = n(0.08206)(471)
n = 0.744 moles
3 sig figs is the proper quantity, but 2 or 4 would be acceptable as well

7. When one mole of butane, C,H,,, condenses, 21 kJ of heat energy is released into the surroundings. When
one mole of propane, C;H,, condenses, 16 kJ of heat energy is released. Account for this difference by
discussing intermolecular attractions that occur between propane molecules and between butane
molecules.

During the process of condensation, butane and propane molecules will change from gas to liquid. This
means that intermolecular attractive forces will form between butane molecules and between propane
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molecules. Since attractive forces are being formed, energy will be released in the form of heat. Butane
releases more energy because it forms stronger intermolecular attractions than propane does. Both
substances are non-polar, so will only experience London dispersion forces. Butane’s four-carbon chain
is longer than propane’s and will therefore have more surface area for London dispersion forces to form.

A scientist is investigating the properties of a mixture of CH30H and HZCO. The scientist generates the

following diagram to represent the mixture. In the diagram, draw a SINGLE dashed line ( ------ ) to
represent a strong hydrogen bond that would form between one CH30H and one HZCO.
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The red dashed line shown is the only reasonable location

a. The scientist plans to cool a gaseous mixture of CH30H and H2(50 to form a liquid mixture and

finds data on the two compounds. The data are summarized in the table below. Propose a
temperature the mixture should be cooled such that CH30H and HZCO will both be liquids.

Melting Point | Boiling Point Enthalpy of Vaporization
Substance (K) (K) (kJ/mol)
CH;0OH 176 338 37.6
H,CO 181 254 24.2

Any temperature between 181 and 254 K would ensure that both substances are not boiled into
gas or frozen into solids.

A student prepares a 1. 85x10 " M solution of Mg(NO3)2(aq) in beaker 1 and a 2.80x10 " M solution

of NaOH(aq) in beaker 2. The particle diagram shown represents a magnesium ion in beaker 1. A
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sodium ion in beaker 2 has a weaker attraction to water than magnesium does. Explain this in terms of
Coulomb’s Law and each of the following:

a. The relative charges of the ions

b. The relative radii of the ions
Sodium has a charge magnitude of +1 while magnesium has a charge magnitude of +2. According to
Coulomb’s Law, smaller charge magnitudes will experience weaker attractions. Sodium ions are also

Lo . N +
larger than magnesium ions. This means that the ionic center of Na will be farther away from any
nearby water molecules and therefore more weakly attracted to them.

Answer the questions concerning the following samples of gases in separate, rigid containers.

He MNe
1 Liter 1 Liter
1 atm 2 atm
278 K 278 K

a. Which of the two cylinders contains more moles of gas? Explain.
Ne has more moles of gas particles. It is at the same T and V as the He container, but exerts twice the
pressure. It must therefore, have more particles.

b. Which of the two cylinders contains particles with the greater average speed? Explain.
The kinetic energies of the two gases are equal, but since He has a smaller mass, it will be moving faster.

c. All of the gas from the helium cylinder is transferred into a balloon. The balloon is placed in a vacuum
chamber where the external pressure was decreased to 0.5 atm at the same temperature. What change
will be observed with balloon?

In a flexible container, internal and external pressure are always equal, so as the external P drops, so
does the internal pressure. Since the internal P is decreasing at a constant temperature, the volume will
increase and the balloon will expand.

The following data is gathered for a series of gaseous samples in syringes. 5 moles of each gas is injected
into the syringe at 25°C. The syringes are compressed and the pressure and volume changes are recorded.
Boyles’ Law is then used to calculate a predicted final pressure for comparison purposes.

Gas Initial Pressure Initial Volume Final Volume Actual Final Predicted Final
Pressure Pressure
He 1.00 atm 50. mL 25 mL 2.00 atm 2.00 atm
Ar 1.00 atm 50. mL 25 mL 1.98 atm 2.00 atm
Xe 1.00 atm 50. mL 25 mL 1.87 atm 2.00 atm

a. What is the best explanation for the greater deviation from the predicted final pressure in Xe?

Xe is a much larger atom than the other two, so will experience stronger London dispersion forces. This
will cause the Xe atoms to be slightly more attracted to each other than the Ar and He atoms, causing
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the Xe to deviate from ideal behavior more than the other two. This means that Xe will not conform to
the predictions made using the ideal gas law and it’s derivatives, like Boyles’ Law used here.

b. If the same test was performed with a sample of krypton, Kr, a deviation from the predicted final
pressure is also expected. Will the deviation be less than or greater than that of the other gases? Explain.
Since Krypton’s electron cloud is smaller than Xenon’s, but larger than Argon’s, it will experience London
dispersion forces weaker than Xenon’s but stronger than Argon’s. It will therefore deviate by some

amount in between the two, within the range of 1.98 atm and 1.87 atm.

12. The vapor pressure curves for 3 compounds are shown below.

1000~ Boiling Point a. Why is water’s vapor pressure lower than

— — \.\‘\ tetrachloromethane’s (CCl,)?
4
S g001- 36.1/ 765/ 100/ )
£ 760 Water has stronger IMF’s (H-bonds) than
E Pentane [ Tetrachloro /ilatei/1 \ CCl, (LD forces), so it vaporizes less
E 600 :methane | : Atmospheric alm= ! P ’
! i | Pressure resulting in lower vapor pressure.
4 | I
& 400 | !
8 ! ! b. What would the boiling point of pentane be at
= 200 | ! a higher altitude where the atmospheric pressure
( | I ! is only 600 mmHg?
0

0 20 40 60 80 1
Temperature (°C)

0 About 35°C

13. The following gases are kept in separate 1 Liter containers: Nitrogen gas, N,; Chlorine gas, Cl,; and sulfur
hexafluoride gas, SF,. The initial temperature and pressure inside each container is exactly the same. If
the containers are slowly cooled until the gases begin to condense, which gas will do so at the lowest
temperature?

All the gases are non-polar, so will experience only LD forces. N, has the smallest electron cloud, so is
less polarizable than the others, and will therefore experience the weakest LD forces. Since the
attractive forces between the N, molecules are weakest, they would have to be slowed down the most
before they started to stick to each other and condense. For this reason, the N, sample would condense
at the coldest temperature.

14. Predict which solid would have the higher melting point: C,H (s), Br, (s), Na,O (s)
Higher melting point substances will have stronger interparticle forces. Na,O is an ionic solid with ions
held together with ionic bonds. These are very strong and lots of heat energy will be required to break
them during the process of melting. CZH6 and Br2 are both nonpolar molecular solids, held together by

only London dispersion forces between molecules. These LDF’s will be much weaker and require less
energy to break then the ionic bonds, so both will have lower melting points than NaZO. Br2 has a

larger electron cloud than C2H6 however, so it is more polarizable and will experience stronger LDF’s.

Bromine is predicted to have a higher melting point than CZH6.

15. Predict the electrical conductivity of each of the following. Justify your response briefly.

a.Ca(s) b. SiO, (s) c. MgCl, (liquid)
Ca is a metal, so in the solid state it has free-flowing electrons that allow it to conduct electricity.
Si0, is a covalent network solid that does not have any free-flowing charged particles.
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MgCl, is an ionic solid, so in the liquid state, the cations and anions are free to flow and conduct an
electric current.

16. Why is diamond one of the hardest substances known to man?
Within the crystal structure of diamond it be seen that every individual atom is covalently bonded to 4 other
carbon atoms. The strength and quantity of these bonds makes it extremely hard to break the C’s apart from
one another, making diamond one of the hardest known substances.

17. Draw a model of magnesium sulfide that illustrates why it is so brittle.
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The model above shows how when rows of ions are realigned, the like charged ions will end up adjacent to one
another. This means that repulsive forces now dominate and that row of ions will be broken off. This explains
why ionic substances, like MgS, would be brittle and break easily.

18. Which ionic solid is likely to have the higher melting point: LiCl or LiBr?
Cl is smaller than Br, so the Li and Cl ions are closer to one another and therefore more strongly
attracted. More heat is required to break the stronger ionic bonds between Li and Cl, so it will have a
higher melting point.

Which ionic solid is likely to have the higher melting point: MgS or MgQO?

O is smaller than S, so the Mg and O ions are closer to one another and therefore more strongly
attracted. More heat is required to break the stronger ionic bonds between Mg and O, so it will have a
higher melting point.

Which ionic solid is likely to have the higher melting point: NaCl or CaO?

Ca and O have a magnitude of +2 and -2, respectively, while Na and Cl have a magnitude of +1 and -1,
respectively. Ca and O will therefore be more strongly attracted to one another, so more heat will be
needed to break that attraction during the process of melting.

19. A student conducts a chromatography experiment and needs to prepare 100.0 mL of 0.340 M NaCl(aq)
to use as the solvent.
a. Calculate the mass of solid NaCl needed to prepare the 100.0 mL of this solution.

M = moles NaCl 0.340 =

X —
L solution 0.1000 L x = 0.0340 moles NaCl

0.0340 mol NaCl x 2L = 19.87 g NaCl
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b. The following steps outline a procedure that could be used to create the solution, but some of the
steps are missing. Using only the materials below, what additional steps would need to be taken?
Not all the materials will be used.

* Solid MaCl * Distilled water * Weighing paper and scoop
= Balance = 00,0 mL volumetnc flask « 50.0 mL graduated cylinder
* Pipet * 150 mL beakers * Chromatography paper

i Use the weigh paper and scoop to measure the correct mass of NaCl on the balance.
iii. Add about 50 mL of distilled water to a 100.0 mL volumetric flask and then add the NaCl
from the weighing paper.
iii.  Swirl the mixture to dissolve the solid NaCl
iv. Fill the volumetric flask to the calibration line with distilled water. A pipet can be used
to ensure you do not fill past the line.
v.  Stopper and invert the mixture several times to ensure that the mixture is homogeneous.

c. The student uses the NaCl solution to separate a mixture of
compounds X and Y in a chromatography experiment. After 30
minutes, the student removes the chromatography paper from the
chamber. The results are shown. A second student conducts the | —Compound Y
same experiment but removes the paper from the chamber after
only 15 minutes. Predict the effect, if any, this would have on the
separation distance between compounds X and Y. Explain your
reasoning.

Since X and Y started out mixed and at the same point on the start
line, they will become increasingly separated from each other over time. Therefore, if the paper
was removed after less time, X and Y would be less separated from each other.

Solvent Front

— Compound X

Start Line

d. Which compound is more polar? Explain how you know.
The solvent is water with some dissolved Na and Cl ions, so it is highly polar and contains
charged particles. Since compound Y travelled farther, it is more attracted to the solvent than
compound X, and must be more polar than compound X.

20. Lattice enthalpy is the the energy required to separate an ionic crystal into gaseous ions. RbZO(s) and
NaZO(s) have similar crystal structures and their lattice enthalpies are given in the table. Using Coulomb’s

Law, explain why the lattice enthalpy of RbZO(s) is smaller than that of NaZO(s).

Compound Lattice Enthalpy (kJ/mol)
Na,O(s) 2481
Rb, O (5) 2163

Both substances are composed of cations and anions held together in a crystal lattice with ionic bonds.
The charge magnitudes in both compounds are the same, since Na and Rb both have a charge of +1 and
oxygen has a charge of -2. Sodium ions however, have a much smaller ionic radius than rubidium ions.

This means that the ionic centers in Na20 are closer together and the ionic bonds are stronger in NaZO.

More energy is therefore needed to separate the ions and a larger lattice enthalpy is observed.
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21. The model below represents the bonding in a sample of Copper. Why is copper electrically and thermally
conductive? Reference the model in your response.

The electrons are free to flow through
+ + + + + + — aechion the sample, making electrical conduction
= i N — — Fimettion possible.

N + + + + The movement of electrons also allows
- = s for the transfer of kinetic energy, making
IV ICICI I the Copper very thermally conductive as

well.

22. Refer to the graph below when answering parts a and b.
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a. What is the best explanation for the fact that helium atoms have the greatest average speed?
Since all the gases are at the same temperature, they all have the same average kinetic energy.
Helium atoms have the smallest mass, so will therefore have the greatest velocity in order to
have an equal kinetic energy to the other atoms.

b. Sketch a how these 5 lines might look if the x-axis was representing the kinetic energies of the noble gas
samples.

\
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One of the components of the kinetic theory of gases states that any two gases at the same
temperature will have equal average kinetic energy values. Since all of these gases are at 100
degrees C, their kinetic energy values will be roughly the same and the lines overlap.
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23. A student performs a spectrophotometry experiment with V' "(aq) solutions and produces the calibration
curve shown in Figure 1 by measuring the absorbance of several solutions of known concentration.

Figure 1
0.50
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"
"
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Absorbance I I I 1 I I
0.20 e L
_ . ‘-‘_4»" -
=
0.10 -
- -
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Concentration (M)
2 . . 2
a. The student measures an absorbance of 0.32 fora V" (aq) solution. The concentration of Al
ions in the solutions is represented by the particle diagram in Figure 2. In the circle in Figure 3,

+2, . . .
draw the correct number of V' ions to represent the concentration of a solution with an
absorbance of 0.08. Water molecules are omitted for clarity. Assume each diagram represents
the same volume.

Figure 3

Figure 2

©=V2tion

o=V ion

A

Absorbance = 0.32 Absorbance = 0.08

An absorbance of 0.32 means that the solution is 4 times as concentrated as the absorbance of
0.08. Since Figure 2 represents the more concentrated solution with 8 particles, Figure 3 should
show just 2 particles, or % that amount.

b. The student measures the absorbance of a different VJr2 solution with an unknown molarity, but
the absorbance is higher than 0.36, the upper limit of the graph. The student then transfers 3.00

2
mL of this VJr solution to a 25.0 mL volumetric flask, dilutes to the mark on the flask with distilled
water, and measures the absorbance of the diluted solution.

i.  The absorbance of the diluted solution is 0.22. Determine the molarity of VJr2 in the
diluted solution.
From the calibration curve, an absorbance of 0.22 corresponds with a M of 0.055. The
acceptable range is 0.053 - 0.057 M

.. . . +2. . . .
ii. Determine the molarity of V' in the original undiluted solution.

M (3.00mL) = (0.055)(25.0 mL)
M = 0.46 M
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c. The concentration of VJr2 calculated in part bii. is lower than the actual concentration of the
undiluted solution. The student claims that the calculated concentration is too low because
during the dilution step, the final level of the solution was higher than the mark on the volumetric
flask. Do you agree or disagree? Explain.

Agree. Overfilling past the line dilutes the solution, so the solutions concentration is lower.
Therefore, the calculated concentration will be lower as well.

24. Refer to the information in the table.

Process AH
HBr(l) B HBr(g) 7.95 kJ/mol
HBr(g) @ H*(g) + Bri(g) 370 kJ/mol

a. Which process represents the breaking of intermolecular forces and which represents the breaking of
intramolecular forces?

The first process represents the vaporization of HBr. The molecules stay intact, they are simply
separated from one another, so IMF’s are broken. In the second process, the H and Br atoms are
separated from one another by breaking the covalent bond holding the molecule together, so
intramolecular forces are broken.

b. Why are both enthalpy values endothermic?

Both values are endothermic because both are the energy requirements for breaking bonds. Breaking
bonds always requires energy to be absorbed from the surroundings.

c. Using principles of Coulomb’s law, explain why the enthalpy for the second process is so much greater.

Coulomb’s Law states that attractive forces between opposite charges will be stronger when the charges
have greater magnitudes and are closer together. The dipole-dipole forces forming between HBr
molecules are the result of attractions between partial charges on the H and Br atoms, with very low
magnitudes. This attraction will therefore be very weak and relatively easy to break.

The covalent bond however, results from the attraction between the nuclei of each atom to the area of

high electron density between them. The magnitudes of the charges of these nuclei and the electrons
are much higher, so the attraction will be much stronger.

25. The table below displays information related to the metallic bonding in the two metals shown.

Electrical Atomic | Melting
Element| Conductivity | Radius Point
(relative to Cu) | (pm) (K)
K 0.229 200 337
Ca 0.508 174 1115

What is the best explanation for the difference in conductivity between Ca and K?
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Conductivity is dependent on the charged particles that are available to move freely within the
structure of a substance. Calcium has two valence electrons, compared to potassium’s one, that
become delocalized when forming metallic bonds to other calcium atoms. A sample of Ca will therefore
have twice as many delocalized electrons that are free to move around, so will be roughly twice as
conductive.

What is the best explanation for the difference in melting point between Ca and K?

Melting point is determined by the strengths of the attractive forces between the neighboring particles
within the lattice structure of a solid. Calcium ions will experience much stronger metallic bonding than
potassium ions due to 2 factors: charge magnitude and ionic radius. Calcium loses two valence
electrons, while potassium only loses one, so it’s charge will be +2 compared to potassium’s +1. This
means that that the Ca atoms will be more strongly attracted to the delocalized electrons that surround
them. Calcium is also smaller potassium, so the distance between calcium ions and the delocalized
electrons is smaller, causing a greater attraction. Since calcium ions experience the stronger metallic
bonds, more energy is required to break those bonds, so Ca has a much higher melting point.

The trioiodide ion, 13_, is significantly more soluble in water than elemental iodine, 12. Identify an

intermolecular force between 13_ and water that is not present between I2 and water that can explain the

difference in solubility. Lewis diagrams for the two particles are provided.

13_ will experience ion-dipole forces with water molecules, while I2 molecules will not. lon-dipole

forces are a very strong interparticle attractive force and therefore account for the greater solubility of

I 3_ in water.
The Lewis structures for several organic molecules are Compound Lewis Structure
shown to the right. Rank the four molecules in terms of HHHH
their comparative boiling points, from lowest to highest. t::;H:OHI) H—I:S—i.‘:.:—l‘;:—l%:—ti—H

i -butanol -
Explain. bonon H
1-butanol will have the highest boiling point. It will Cshhz I

- uta.mo will have the highest boiling point. tW| . (2-methylbutane) CH,— CH,— CH,— CH,
experience strong hydrogen bonds, as well as significantly -
strong LDF’s due it’s straight chain of carbon atoms. Both CeHy, | ®
of these forces will require more heat in order to break, (2,2-dimethylpropane) CH, = ? —CH,
and give it the highest boiling point. CH,
CeHa CH, — CH, — CH,— CH_— CH,— CH

The other 3 molecules are all non-polar, and will therefore (hexane) ! ! : ! ? ?

only experience LDF’s. Hexane, with a long, straight chain,
will experience the strongest LDF’s. It will therefore have the highest boiling point of the three, and the
second highest overall.
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2,2-dimethyl propane will have the lowest boiling point because it’s LDF’s will be weakest. The
molecule is very compact with very little surface area where it could contact other molecules and form
LDF’s.

Octane is a important component of gasoline, and ethanoic acid provides most of the sour, acidic taste in
vinegar. The structure of each molecule is shown below. Why is the boiling point of octane about 7°C
higher than that of ethanoic acid? Explain in terms of the intermolecular forces present for each
molecule.

C.H
8 18 —_—CH = CH = CH = CH — —_CH —
CH,— CH,— CH,— CH,— CH,— CH, — CH,— CH,
(octane)
H ‘O
CH,COOH (I: Icl 5
. . H=C—=C—0—H
(ethanoic acid) [ =
H

29.

Normally, a polar molecule with hydrogen bonds, like ethanoic acid, would have the higher boiling point
when compared to a non-polar molecule that only has LDF’s (like octane). This is because hydrogen
bonds are typically very strong, and would require more energy to break than LDF’s. In this case
however, since we are told that the boiling point of octane is greater, it must mean that the LDF’s in
octane are actually stronger than the hydrogen bonding between ethanoic acid molecules. This is likely
due to the length of the chain in octane, which greatly increases its surface area, leading to considerably
strong LDF’s.

Each of the following statements contains a portion that is incorrect or inaccurate. Identify the inaccuracy
in each and offer a corrected version.

Lithium fluoride is more polar than lithium oxide, so will experience stronger intermolecular attractions.
Lithium fluoride is ionic and is made of ions, so the term polar does not apply. Polarity requires there to
be unequally shared electrons in COVALENT bonds. Since covalent bonds do not exist in either of these
substances, they can’t be classified as polar or non-polar.

A more accurate statement would be: Lithium and fluoride ions will be more strongly attracted to one
another than lithium and oxide ions.

Water has a hydrogen bond while phosphine, PH;, only has a dipole-dipole attraction.

Stating that water has “a” hydrogen bond and that phosphine has “a” dipole-dipole attraction implies
that there is one hydrogen bond and one dipole-dipole attraction present. This is inaccurate because
even a small sample of water or phosphine would contain many trillions of molecules, experience many
trillions of attractions between molecules.

A more accurate statement would be: Water molecules experience hydrogen bonds between molecules
while phosphine experiences only dipole-dipole forces between molecules.

When ethanol, C,H;OH, boils bonds between oxygen atoms and hydrogen atoms are broken.
Boiling is a physical change, so the C,H;OH molecules will stay intact. The molecules separate from each
other, breaking intermolecular attractions, but the individual molecules remain whole.

A more accurate statement would be: When ethanol boils, intermolecular attractions between
molecules are broken.
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Hydrogen fluoride, HF, has a stronger bond than hydrogen chloride, HCI.

The term “bond” usually is meant to imply intramolecular attractive forces (covalent, ionic, metallic).
Since the statement is probably trying to compare intermolecular attractions between molecules,
simply using the word “bond” is an odd choice.

A more accurate statement would be: Hydrogen fluoride, HF, will experience stronger hydrogen bonds
between molecules while hydrogen chloride, HCI, will experience weaker dipole-dipole forces between
molecules.

Water molecules will experience hydrogen bonds, dipole-dipole interactions, and London dispersion
forces.

Water only experiences two attractive forces between molecules: dipole-dipole forces and LDF’s. The
dipole-dipole forces that it experiences are also classified as H-bonds, so the two should not be listed as
if they were separate things.

A more accurate statement would be: Water molecules will experience dipole-dipole forces that are
Hydrogen bonds and London dispersion forces.

30. The table below shows the molecular structures and corresponding boiling points of two molecular
compounds. Interms of the relative strengths of ALL the intermolecular forces in each compound, explain
why the boiling point of CS, is higher than the boiling point of COS.

Sulfur atom = O Carbon atom = . Oxygen atom = ()

Compound Molecular Structure Boiling P(c;(n)t at 1 atm
cs, oY Y0 319
cos O-@-0 223

CS2 is nonpolar, so will only experience London dispersion forces. COS is polar, so will experience dipole-dipole
forces in addition to London dispersion forces. Since CS2 has the higher boiling point, the London dispersion
forces between CS2 molecules must be stronger than the London dispersion forces AND the dipole-dipole forces
of COS.

31. Some glass wool is soaked in ethanol and heated in the presence of a solid catalyst. The ethanol
decomposes, producing ethane gas. The diagram below shows the apparatus used to conduct this
experiment, collecting the ethane gas as it bubbles into an inverted test tube. Prior to the start of the
reaction, the test tube was completely full of water.
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~ )

Solid Catalyst Ethene —_ |

T~ Test Tube
Glass Wool
with Ethanol

Bunsen Burner

—

L ¥ | 1

The equation for the reaction is shown below.
CZHSOH(I) - CZH4(g) + HZO(g)

When the reaction was stopped, 0.0854 Liters of gas was collected under a pressure of 0.822 atm and a
water temperature of 305 K. At 305 K, the vapor pressure of water is 35.7 Torr.

What gases are present in the collection tube?
The ethane that was produced is collected in the tube, along with water vapor from the evaporation of

liquid water in tube.

Calculate the partial pressure of each gas in atm.

total - PCZH4 + PHZO
1 atm
35.7Torr x—z—— = 0.0470 atm HZO(g)

0.822 atm = Pc i + 0.0470 atm
2

4

P = 0.775 atm CzH4 (9)

C2H4

How many moles of each gas is in the test tube?

PV = nRT

(0. 0470 atm) (0. 0854 L) = n(0. 082)(305)
n = 1.60x10 " moles of H,0

PV = nRT

(0.775 atm)(0. 0854 L) = n(0.082)(305)
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n = 2.65x10"° moles of CH,

The experiment produces equal moles of ethane gas and water vapor. Explain why the collection tube
doesn’t contain equal moles of each gas? Answer in terms of intermolecular forces experienced between
the gaseous products and the liquid water used to collect the gases.

The collection tube contains much less water vapor and much more ethane gas. This is because ethane
gas is nonpolar, while the produced water vapor is polar. Since ethane is nonpolar, as it bubbles through
the liquid water, the only attractive force it will experience with the water molecules is weak London
dispersion forces. This means most of the ethane gas will pass right through the liquid water.

As water vapor is produced and bubbled through the liquid water however, hydrogen bonds will form
between the gaseous water molecule products and the liquid water molecules. Since these hydrogen
bonds are so strong, the water vapor molecules will be attracted to the liquid water molecules and
remain within the liquid.

32. Why is NH; more soluble in water than PH,?

Both molecules are polar, so both molecules will be soluble in water, which is also polar. NH; however, is more
polar than PH;, so stronger H-bonds will form between NH; molecules and water molecules. Only dipole-dipole
forces will be able to form between PH; and water molecules, which are weaker. A stronger attractive force
between solute and solvent particles will typically lead to a greater solubility.

33. Why is SF; more soluble in liquid hexane (nonpolar solvent) than nitrogen gas?

Both molecules are non-polar, so both molecules will be soluble in hexane which is also non-polar. SF, however,
has a larger electron cloud and is more polarizable than N,, so stronger LD Forces will form between SF,
molecules and hexane molecules. LD forces will be able to form between N, and hexane molecules as well, but
they will be weaker. A stronger attractive force between solute and solvent particles will typically lead to a
greater solubility.

34. While the following non-polar gases are largely insoluble in water, they are all actually soluble, just in very

small quantities.

The Solubility of Some Gases in Water a. Why is the solubility of Cl, greater than the solubility of H,?
Gas Molar Mass = Solubility @ 20°C
gfrmol o100y Wyater Cl, has a larger electron cloud and is more polarizable than H,,
H. 201 0.000160 so stronger LD forces will be able to form between Cl, and H,0.
N, 281 0000140 A stronger attractive force will typically lead to greater solubility.
o 320 0.000434
Cly 704 0.729

35. What is the molarity of the sulfate ion in each of the following solutions?

a. 1.00 M Na,SO, Na,SO, @ 2Na*+ SO,> [$0,2]=1.00 M
b. 2.00 M MgSO, MgSO, @ Mg"+ SO,* [SO,%] = 2.00 M
c. 200 M AL(SO,);  AL(SO,)s @ 2 Al + 350, [SO,2] = 6.00 M
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36. What mass of LiCl must be dissolved in water to give a chloride ion concentration of 5x10° M?

LiCi —» G* ¢+ CI1™
Sxl0?* M Cxl03 M

! ) o ) , T
M-— w-———-L 5*103"1 (,.Cf = ..“;—L- S-Q'I'O SMI L‘C,)r mi_ -E;i}

37. Which of the following solutions contains the largest number of moles of chloride ions
a. 100 mL of 0.30 M AICI;,

xmol Cl

mol -
M= S0... 0.90M =— 17— x = 0.09 mol of Cl
b. 50.0 mL of 0.60 M MgCl,
_ _mol_ _ xmolCl - -
M=-= S0... 1L2M == x = 0.06 mol of Cl
¢. 200.0 mL of 0.40 M NacCl
mol xmol Cl -
M =—= S0... 0.40M =—77— x = 0.08 mol of Cl

38. Calculate the concentration of all ions present in each of the following solutions
a. 0.100 mol of Ca(NO,), in 100.0 mL of solution

0.1 mol
01L

M=2L .. Mof Ca(N03)2 =

- =1M Ca(N03>

2

This will produce a solution with 1 M ca”’and2 M NO;l

b. 2.5 mol of sodium sulfate in 1.25 L of solution

2.5 mol
1.25L

__ mol _
M =— S0.... M of Na2504 =

= 2MNa_SO
2774

This will produce a solution with 4 M Na and 2 M SO;2

c. 5.00 g of ammonium chloride in 500.0 mL of solution

1 mol

5g NH4Clx 5354 0.0934 mol NH4CZ
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= 0.187 M NH Cl

mol

M =— S0.... MOfNH4Cl _ _0.0934mol

L 05L

This will produce a solution with 0. 187 M NH;r and 0.187 M Cl
d. 1.00 g of potassium phosphate in 250.0 mL of solution

1 mol
1.00 g K,PO, x375— = 0.0047 mol K PO,

0.0047 mol
0.25L

M=2%  so.. — MofKPO,= = 0.0188 M K_PO,

This will produce a solution with 0.057 M K" and 0.0188 M PO;3

39. In solution A, 4.00 grams of calcium bromide is dissolved in 400 mL of solution. In solution B, 2.00 grams
of aluminum bromide is dissolved in 500 mL of solution. Solution A and solution B are mixed. What is the
bromide ion concentration in the resulting solution?

1 mol

Solution A: 4.00 g COLBr2 X Toogog = 0.020 mol CaBr2

0.02 moles of CaBr2 will produce a solution with 0.04 moles of Br

1 mol
266.69 g

Solution B: Z.OOgAlBr3x = 0.0075 mol/llBr3

0.0075 moles of AlBr? will produce a solution with 0.0225 moles of Br

Both solutions are combined, so simply add the moles of Br and divide by the new total volume

l 0.04 moles Br _+ 0.0225 moles B -
M = mLu _ moles Br . moles Br 0.069 M Br

40. Dibromomethane (CH,Br,) and water (H,0) are both liquids at room temperature and have very nearly the
same boiling point. The Lewis structures for these substances are shown below.

:Br:
H —(IZ— Er: H— O:
: .:
Dibromomethane Water

a. Compare the overall attraction between molecules in each substance. Explain your reasoning.
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Since the molecules have nearly the same boiling point, they are expected to have attractive forces
between molecules that are similar in strength.

b. Compare the types of IMFs in each substance, and compare the relative strengths of each type. Explain
your reasoning.

Dibromomethane is polar, so will experience dipole-dipole forces. It will also experience London
dispersion forces.

Water is polar, but contains an O — H bond, so will experience Hydrogen bonds between molecules. It
will also experience London dispersion forces.

The dipole-dipole forces between dibromomethane molecules must be weaker than the hydrogen
bonds between water molecules since dibromomethane is much less polar than water. This also implies
that the London dispersion forces between dibromomethane molecules are similar in strength to the
hydrogen bonds between water molecules. This is possible because of the large electron clouds on the
Br atoms, making the molecular very polarizable.

c. NaBr is more soluble in one of these two liquids. Identify which of the two is the better solvent for NaBr,
and explain your reasoning.

NaBr is an ionic solid, and it’s ions will experience ion-dipole attractions with both dibromomethane
and water molecules. Since water is more polar than dibromomethane, the ion-dipole attractions with
the water molecules will be stronger, making it more soluble in water than in dibromomethane. Water
is therefore the better solvent.

d. When CH,Br, and H,0 are mixed, they form distinct layers. Explain why this occurs. In your explanation,
use CH,Br, as the solute and answer in terms of solute-solute, solvent-solvent, and solute-solvent
interactions.

The formation of two separate layers indicates that dibromomethane is not soluble in water, despite the
fact that they are both polar.

Solubility requires that solute-solvent interactions be stronger than the attractive forces within the
solute and the solvent. Since these two liquids are not soluble, the dipole-dipole forces that would form
between them are not stronger than the hydrogen bonds between water molecules.

I )
A AL S S N I
H H HHHMHH
Methanol 1-hexanol

A student tests the ability of methanol and 1-hexanol to be dissolved in the solvents water and hexane
(CeHya).

a. The student finds that methanol is completely soluble in water, whereas 1-hexanol is only slightly
soluble in water. Explain these results in terms of intermolecular forces (IMFs), such as London dispersion
forces (LDFs), dipole-dipole interactions, or hydrogen bonding.
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The long carbon chain of 1-hexanol makes the majority of the molecular non-polar, despite the very
polar O — H bond on the end. Since most of the molecule is non-polar, it will not form enough
significantly strong intermolecular forces with water molecules, making it less soluble.

Methanol however has a much smaller carbon chain, so it is much more polar than 1-hexanol. This will
allow hydrogen bonds to form between water molecules and methanol molecules, making it very
soluble.

b. The student also observes that 1-hexanol is soluble in hexane, whereas methanol is only slightly soluble
in hexane. Explain these results in terms of IMFs.

1-hexanol is soluble in hexane because hexane is non-polar, and the majority of the 1-hexanol molecule
is non-polar as well. This means that London dispersion forces will be able to form between the two
molecules, allowing them to mix. Methanol however, is a largely polar molecule. This means that no
significantly strong intermolecular force will be able to form between methanol and hexane molecules.

The student notices that 2-methylheptane (CgH,5, commonly known as isooctane), a hydrocarbon used in gasoline,
is described in a reference book as hydrophobic and thus insoluble in water. The student concludes that isooctane
and water molecules repel each other.

c. Identify all of the types, and describe the relative strengths, of the intermolecular forces that occur
between water molecules, between isooctane molecules, and between water and isooctane molecules,
and use that information to explain the error in the student’s conclusion.

Water molecules are polar and would be attracted to each other primarily with strong hydrogen bonds.

Isooctane molecules are non-polar and would be attracted to each other primarily with London
dispersion forces.

Isooctane molecules and water molecules would be attracted to one another by only very weak London
dispersion forces. These forces are not strong enough to break the much stronger hydrogen bonds
between water molecules, which explains why the two liquids are insoluble. This explains why the
student’s conclusion was incorrect. Water molecules do not repel isooctane molecules, they are
attracted too weakly for a solution to form.



