AP Chemistry Unit 6 Problem Sets: IMFs, Liquids, and Solids
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| The&fck)‘ll‘c\)Winég édﬁatloﬁs aescrlﬁe water \boilirﬁlg\ vs.
water decomposing:

H20 (I) = H20 (g)

2H;0 () = 2H2 (g) + 02 (g)

a)What types of bonds must be broken in each case?
b)Given that water boils at 100°C but decomposes at

3000°C, what does this say about the relative strength
of the bonds involved in each case? Explain.

Explain Why water evépbrétes at room témperatuféQ /
even though its boiling point is 100°C.

-

4. Iz it possible for the dispersion forces in @ particular substance
{o be stronper than the hydrogen bonding forces in another
substance? Lxplain your answer,

38, Identify the most important types of interparticle forces pres-
ent in the solids of cach of the following substances.

2 Ar e CHy
b. HCI . CO

. HF g NaNO3
. CalCly

” 11.15 Describe the intermolecular forces that must be over-
come to convert each of the following from a liquid or
solid to a gas: (a) Iy, (b) CHyCH,O0L, (¢) Habe,

11.2 (@) What kind of intermolecular attractive force is
shown in vach of the fallowing cases? (b) Predict which
two interactions are stronger than the other two.
[Section 11.2]




13. In the diagram below, which lines represeat the hydropen
bonding?

& the dotied lines between the hydrogen atoms of one

water inolecule and the oxygen atoms of a different

water molecule

the solid lines between a hydrogen atom and oxygen atom

in the same water molecule

€. Both the solid lines and dotted lines represent hydrogen
bonding.

d. There are no hydrogen bonds represented in the diagram.

=

b

11,17 (a) What is meant by the term polarizakility? (b) Which of
the following atoms would you expect to be most polar-
izable: N, P, As, Sb? Explain. (¢) Put the following mole-
cules in order of increasing polarizability: GeCly, CHy,
SiCly, SiHy, and GeBry, (d) Predict the order of boiling
points of the substances in part (c).

Predict which substance in each of the following pairs would
have the grealer intermolecular forces.

a, COyor QCS

b. SeOor SOy

¢. CHyCH, CH;NH; or HgNCHzCHzN Hz
d. CHyCH; or HyCO

¢, CH30H or HyCO

11.23 (a) What atoms must a molecule contain to participate
in hydrogen bonding with other molecules of the same
kind? {b) Which of the following molecules can form
hydrogen bonds with other molecules of the same kind:
CH3F, CHANHa, CHAOH, CH;3Br?

11.16 What type m’ memmlecular forca accounts for th@ fol»
lowing differences in each case? (a) CH3OH boils at
65 °C, CHSH boils at 6 “C. (b) Xe is liquid at atmos-
pheric pressure and 120 K, whereas Ar is a gas. (¢) Kr,
atomic weight 84, boils at 120.9 K, whereas Cly, molecu-
lar weight about 71, boils at 238 K. {(d) Acetone boils at
56 “C, whereas 2-methylpropane boils at =12 °C,

Lo cndn
CHy== C===CHy 7==CH=CH,
Acetone 2~Mtzthylpmpane

1L18 Truw or false:

(@) The more polarizable the molecules, the stronger
the dispersion forces between them,

(b} The boiling points of the noble gases decrease as
you go down the column in the periodic table.

() In general, the smaller the molecule, the stronger
the dispersion forces.

(d) All other factors being the same, dispersion forces
between molecules increase with the number of
electrons in the molecules.
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11,24 Rationalize the difference in boiling points between the
members of the following pairs of substances: (a) HF
(20 °C) and HC (=85 °C), (b) CHCly {61 °C) and CHBry
(150 °C), (©) Bry (59 °C) and 1CI (97 °C),

39. Rationalize the difference i bo

iling poinfs for cach of the fol-

Towing pairs of substances:
a. n-pentane CH3CH;CHCH;CH; 36.2°C
CHj3
neopentune  HyC—C—CH; 9.5°C
CHy
b. HF 2000
HCI ~§5°C
. HCI —85%C
LiCt 1360°C
d. n-pentane  CHRCH;CHRCHCH; 36.2°C
r-hexanc CHCHCHCHCHCHy - 69°C

11.21 Butane and 2-methylpropane, whose space-filling mod-
els are shown, are both nonpolar and have the same
molecular formula, yet butane has the higher boiling
point (=05 °C compared to =11.7 °C). Explain.

(a) Butane (b) 2-Methylpropane

11,5 The following molecules have the same molecular for-
mula (C3HgO), yet they have different normal boiling
points, as shown. Rationalize the difference in boiling
points. |

(@) Propanol

(b) Ethyl methyl ether
08¢

97.2°C




17. Use the kinetic malecular theory to explain why a Hquid gels
cooler as il evaporales from an insulated conlainer.

114 Using the following graph of C8; data, determine (a) the
approximate vapor pressure of C8; at 30 °C, (b) the tem-
perature at which the vapor pressure equals 300 torr,
(¢) the normal boiling voint of CSs,

800 ; ;

G e fe
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o ;o

230 —10 10 30 50
Temperature (°C)

21. How does cach of the following affect the rate of evaporation

115 The following molecules have the same molecular for-

of a liquid in an open dish?
a. intermolecular forees

h. temperature
¢ Surkace area

mula (C3HgO), yet they have different normal boiling
points, as shown. Rationalize the difference in boiling
points, [Sections 11.2 and 11.5]

{a) Propanol (b) Ethyl methyl ether
922 °C 108°C
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The shape of the meniscus of water in a glass tube
is different from that in mercury in a glass tube. Why?

Cancave |
meniscus |

113 The molecular models of glycerol and 1-propanol are
given here,

{b) 1-propanol

(a) Glycerol

Do you expect the viscosity of glycerol to be larger or
smaller than that of 1-propanol? Explain.

7

“List all intermolecular forces present in each liquid,
and use them to predict the following:

HHHH H H
| | |
R
H HHH H H
H oM Ty
H .
S 8 i PN 0 S
H H H H H
Which substance should have the highest...
i) viscosity ii) boiling point iii)vapor pressure

42. In each of the following proups of substances, pick the one
ihatl has the given property. Justify each answer.
a. highest boiling point: CClg, CPy, CBry
b lowest freezing point: LAF, Fy, HCI
< smallest vapor pressure at 25°C: CH3OCH;, CH3CHyOH,
CICHCH;
<. preatest viscosity: HaS, HE, HyO;
€. preatest heal of vaporization: HyCO, CH3;CH;, CHy
f. smallest enthalpy of Tusion: |, CsBr, CaQ




11,85 Ethylene glycol [CH{(OH)CHy(OH)] s the major com-
ponent of antifrecze. It is a slightly viscous liquid, not
very volatile at room temperature, with a boiling point
of 198 °C. Pentane (CsHya), which has about the same
molecular weight, is a nonviscous liquid that is highly
volatile at room temperature and whose boiling pointis
36,1 °C. Explain the differences in the physical proper-
ties of the two substances,

11,49 Using the vapor-pressure curves in Figure 11,24, (a) esti-
mate the boiling point of ethanol at an external pressure
of 200 torr; (b) estimate the external pressure at which
ethanol will boil at 60 °C; (¢) estimate the boiling point
of diethyl ether at 400 torr; (d) estimate the external
pressure at which diethyl ether will boil at 40 °C.

] 1mqg ;

ol e [ ma
N 760 N/ < Y
& Normal boiling /
o 600 | Diethyl /- ppint_ et
3 ether | L)
@ Ethyl aleohol
E o (ethanol) Water
: /
} 4

200 ,
- Ethylene

)y |
/ / : glycol .
o040 0 50 10
Temperature (°C)

A Figure 11.24 Vapor pressure for four common
ilquids as a function of temperature. The temperature
at which the vapor pressure is 760 torr is the normal
boiling point of each liguid.




71 What kinds of attractive forces exist between particles in
(@ molecular crystals, (b) covalent-network erystals,
(¢) fonic erystals, (d) metallic crystals?

ED

175 A white substance melts with some decomposition at
730 °C. As a solid, it does not conduct electricity, but it
dissolves in water to form a conducting solution, Which
type of solid (Table 11.7) might the substance be?

i

11,74 Which type (or types) of crystalling solid is character-
ized by each of the following: (a) high mobility of elec-
trons throughout the solid; {b) softness, relatively low
melting point; (¢) high melting point and poor electrical
conductivity; (d) network of covalent bonds; () charged
particles throughout the solid.

11,76 You are given a white substance that sublimes at 3000 °C;
the solid is a nonconductor of electricity and is insoluble
in water, Which type of solid (Table 11.7) might this
substance be?

11,72 Indicate the type of crystal (molecular, metallic, cova-
lent-network, or ionic) cach of the following would
form upon solidification: (a) CaCOy, (b} Pt, (¢) ZrO;
(melting point, 2677 °C), (d) table sugar (CyzH20n),
(e) benizene, (f) 15,

11,78 Tor each of the following pairs of substances, predict
which will have the higher melting point, and indicate
why: (@) HE HCL ) C (graphite), CHy; (e} KCl, Cly
(d) Lil\, MgFs.
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63. Explain how doping silicon with ¢ither phosphorus or gallium
increases the electrical conductivity over that of pure silicon.
Specify the type of doping involved (n or p) in each case.

82, What type of solid will each of the following substances form?

a. diamond g NH4NO,
b. PH,4 h. SF,

¢. Hy i. Ar

d. Mg j- Cu

e, KCI k. C6H1206
f. quartz

s

0 & 2

i 5 o -
Consider the following data concemning four different substances, Si0; B,H, W Csl
Compound Cond::t: :Z‘I’:::Jnutv Other Praperties Type of Solid

no gas at 25°C

no high mp

06 aqueous solution

conducts electricity
yos high mp

a) Place each substance formula in the correct box.
b) Label the type of solid in each cased based on the properties
(ionic, metallic, molecular, network covalent)

Anexample ofahalloyf is shown inthe diagram below.
Compared with the pure metal X, how would you expec
the properties of the alloy to vany?

Element X @

Element Y &

(A) The alloy has higher malleability and higher density.
(B) The alloy has lower mallaability and lower density.
(Q) The alloy has higher malleability and lower density

(D) The alloy has lower mallaability and higher density.
Explain your choice.
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11.81 Two isomers of the planar compound 1,2-dichloro-
ethylene are shown here, along with their melting and

boiling points,
H H Cl H
P
Cl Cl H Cl
cls isomer frans isomer
Melting point (°C) -805 -49.8
Boiling point (°C) 60.3 47.5

{a) Which of the two isomers will have the stronger
dipole-dipole forces? Is this prediction borne out by the
data presented here? (b) Based on the data presented here,
which isomer packs more efficiently in the solid phase?

A 7

, and N. Combustion of 0.125 g of this compound produces 0.172 g of H,O

s 2 il s %

i

A certain compound contains only C,
and 0.279 g of CO,.

a. Calculate the number of moles of CO, and H,0.
b. Find the mass percentages of C, H, and N and the empirical formula of this compound.

¢. Assume the cmpirical formula is also the molecular formula. Draw structural formulas for the four different isomers that
are possible for a compound with this formula.

d. The four compounds have boiling points that range from 3 °C to 48 *C. Identify the isomers that you would expect to
cxhibit the lowest and highest boiling points. Explain your reasening in terms of the intermolecular forees involved.




AP Chemistry Name......ocoveiiinnerrin e
States of matter & properties of solutions #4 Hour.......

Directions: Complete the following problems.

1. Which solvent, water or carbon tetrachloride (CCls), would you chose to dissolve in each of

the following?
a. KrFz b. SF2 ¢ SO2 d. CO; e. MgF, f. CH20 g CH2=CH:

2. Explain why NH3 has a higher solubility in water than BFs.
3. Explain why CH30H is miscible in water whereas CH3(CHz)¢OH is not.

4. Potassium bromide is least soluble in which of the two liquids from each set below? Briefly
explain.
a. Hz0 and CH4
b. CH3OH or CH3CH,0H
c. NHszorBr;

5. The solubility of MnS04xH20 in water at 20°C is 70 g per 100 mL of water.
a. Isa1.22 M solution of MnSO4xH20 in water at 20°C saturated, supersaturated or
unsaturated?
b. Given a solution of MnSO4xH20 of unknown concentration, what experiment could
you perform to determine whether the new solution is saturated, supersaturated, or
unsaturated?

Questions 6-9 refer to the solubility curves shown below. Suppose you have four beakers
containing equal volumes of water. You then add one type of salt to each beaker until the solutions
become saturated.

6. Which of the four saturated solutions would
produce the greatest mass of precipitate when

cooled from 90°C to 60°C? g KNO3
3
7. The molality of which solution would increase e
the largest when it is cooled from 20°C to 0°C? > i R
g 3 / KCl0s
_.5: ]
8. Which saturated solution has the highest 4 2 ¢ NaCl
molality at 40°C? » 8
S
9. Youare given a dry mixture containing 60 g of i Ce2(S04)s
KNOs and 60 g of KC103 and you are asked to 0 10 20 30 40 SO 60 70 80 90 100
produce as much pure KClOs as possible. Temperature (C)

Describe your procedure.

States of matter & properties of solutions 4
Page 1 of 4



10. (AP) Answer the following questions using principles of molecular structure and
intermolecular forces.

Compound Empirical Solubility Boiling Point
ompou Formula in Water (°C)
1 C,HgO | Slightly soluble ~24
2 C2H60 Soluble 78

Compounds 1 and 2 in the data table above have the same empirical formula, but the have
different physical properties.

a. The skeletal structure for one of the two compounds is shown below in Box X.

i. Complete the Lewis electron-dot diagram of the molecule in Box X. Include any
lone (nonbonding) pairs of electrons.

Box X BoxY

ii. In BoxY above, draw the complete Lewis electron-dot diagram for the other
compound, which is a structural isomer of the compound represented in Box X.
Include any lone (nonbonding) pairs of electrons.

b. On the basis of the complete Lewis electron-dot diagrams you drew in part (a) and the
information in the data table above, identify which compound, 1 or 2, has the structure
represented in Box X. Justify your answer in terms of the intermolecular forces present in

each compound.

States of matter & properties of solutions 4
Page 2 of 4



Use the information in the following table to answer parts (c) and (d).

C.

Name Lewis Electron-Dot Boiling Point Vapor Pressure at 20°C
Diagram (°C) (mm Hg)
o X
Dichloromethane *ClC:H 39.6 353
:(“)‘1:
Carbon tetrachloride «ClC:Cl: 76.7 89
(Cl:

Dichloromethane has a greater solubility in water than carbon tetrachloride has. Account
for this observation in terms of the intermolecular forces between each of the solutes and

water.

In terms of intermolecular forces, explain why dichloromethane has a higher vapor
pressure than carbon tetrachloride.

The complete Lewis electron-dot diagram of methanal (formaldehyde) is shown in the

box below. Molecules of methanal can form hydrogen bonds with water. In the box
below, draw a water molecule in a correct orientation to illustrate a hydrogen bond

between a molecule of water and a molecule of methanal. Use a dashed line to represent

the hydrogen bond.

States of matter & properties of solutions 4

Page 3 of 4




11. (AP) At 298 K and 1 atm, the standard state of Brz is a liquid, whereas the standard state of I,
is a solid. The enthalpy changes for the formation of Brz(g) and I2(g) from these elemental
forms at 298 K and 1 atm are given in the table below.

Process AH° (kJ/mol,)
Bry(l) —> Bry(g) 3091
I(s) = Ig) 62.44

a. Explain why AH® for the formation of I2(g) and I2(s) is larger than AH® for the
formation of Brz(g) from Brz(1). In your explanation identify the type of particle
interactions involved and a reason for the difference in magnitude of those
interactions.

b. Predict which of the two processes shown in the table has a greater change in
entropy. Justify your prediction.

¢. I2(s) and Brz(l) can react to form the compound IBr(l). Predict which would have a
greater molar enthalpy of vaporization, IBr(1) or Brz(1). Justify your prediction.

An experiment is performed to compare the solubilities of I2(s) in different solvents, water
and hexane (Ce¢H14). A student adds 2 mL of H20 and 2 mL of CsH14 to a test tube. Because
Hz0 and C¢H14 are immiscible, two layers are observed in the test tube. The student drops a
small, purple crystal of Iz(s) into the test tube, which is then corked and inverted several
times. The CsH14 layer becomes light purple, while the Hz0 layer remains virtually colorless.

d. Explain why the hexane layer is light purple while the water layer is virtually
colorless. Your explanation should reference the relative strengths of interactions
between molecules of Iz and the solvents H20 and CsH14, and the reasons for the
differences.

e. The student then adds a small crystal of KI(s) to the test tube. The test tube is corked
and inverted several times. The I- ion reacts with Iz to form the I3 ion, a linear species.

i. Inthe box below, draw the complete Lewis electron-dot diagram for the I3- ion.

States of matter & properties of solutions 4
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