AP Chemistry Unit 6 Problem Sets: IMFs, Liquids, and Solids
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The following equations describe water boiling vs.
water decomposing:

H,O (1) = H,0 (g)

2H,0 (1) = 2H, (g) + O, (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 evaporates at room temperature,
even though its boiling point is 100°C.
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4. Is it possible for the dispersion forces in a particular substance
to be stronger than the hydrogen bonding forces in another

35, Identify the most important types of interparticle forces pres-
ent in the solids of each of the following subslances.

subsianee? Explain your answer, a. Ar e. CHy
b, HCI L CO
. HF g NaN(y
d. CaCly
S 6

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) Ly, (b) CHLCHLOLH, (¢) HsSe.

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

(a) H} H} (r]@ .:
@@ LSO
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13. In the diagram below, which lines represent the hydrogen
bonding?
B im @ ®
O 090
H @ o

@ o @-“@ ®
W

a. the dotted lines between the hydrogen aloms of one
waler molecule and the oxygen atoms of a different
waler molecule

b. the solid lines between a hydrogen atom and oxygen atom
in the: same waler molecule

. Both the solid lines and dotted lines represent hydrogen
honding.

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

11.16 What type of intermolecular force accounts for the fol-
lowing differences in each case? (a) CH4OH boils at
65 “C, CH3SH 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,

) CH,

CHy—C—ClHy CHy—CH—CH4

Acotone E-E-Tulh:,- I]'- ropang
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11.17 (a) What is meant by the term polarizability? (b) Which of
the following atoms would you expect to be most polar-
izable: N, P, As, Sb? Explain. {c) Put the following mole-
cules in order of increasing polarizability: GeCly, CHy,
SiCly, Silly, and GeBry, (d) Predict the order of boiling,
points of the substances in part {c).

11.18 True or false:

(a} 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.

(dy All other factors being the same, dispersion forces
between molecules increase with the number of
electrons in the molecules,
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37. Predict which substance in each of the following pairs would
have the greater intermolecular forces.
a. OOy or OCS
b Sells or 50k
€. CH3CH;CHzNH; or HyNCH2CH;NH;
d. CHyCH3 or HaCO
e. CH3OH or HaCO

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:
CHsF, CHyNH», CHAOH, CH5Br?
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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 HCI (=85 °C), (b) CHCl4 (61 "C) and CHEBr
(150 °C), (¢) Bra (59 °C) and IC1 (97 °C).

39, Rationalize the difference in boiling points for each of the fol-
lowing pairs of subslances:

4. n-pentanse CHyCH;CHyCH(CH5 I6.2°C
CHsx
neopentane H,C—C—CH; 9.5°C
CHsx
b. HF 2000
HCl B3
¢. HCI —B5°C
LiCl 136007
d. n-pentane CH+CH;CHyCHA(CH5 36.2°C

n-hexane CHyCHpCHCHACHCHy HYC
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11.21 Butane and 1-|:nulh_!.'lpmp.mc, whose npm'l.*-l’illing o -
els are shown, are both nonpolar and have the same
molecular formula, yet butane has the higher boiling
point (=0.5 °C compared to —=11.7 "C). Explain.

{a) Butane (b} 2-Methylpropane

115 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,

(a) Propanal
07.2°C

(b) Ethyl methyl ether
10.8 °C
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17. Use the kinetic molecular theory to explain why a liquid gets
cooler as it evaporates from an insulated container.

Zl. How does each of the following affect the rale of evaporation
of a liquid in an open dish?
a. intermolecular forces
b temperatore
e surface area
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11.4 Using the following graph of C5. data, determine (a) the
approximate vapor pressure of C5; at 30 °C, (b) the tem-
perature at which the vapor pressure equals 300 torr,
(¢) the normal boiling point of CS.,
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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. [Sections 11.2 and 11.5]

¢ e
e 6

{b) Ethyl methy] ether
10,8 °C

(a) Propanaol
97.2°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?

Commex
meniscus

Concawe
meniscus

Water Mercury

11,3 The molecular models of glycerol and 1-propanol are
given here,

{a) Glycerol (b 1-propanol

Do you expect the viscosity of glycerol to be larger or
smaller than that of 1-propanol? Explain.
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List all intermolecular forces present in each liquid,
and use them to predict the following:

H HHH
I 1 L i
a. H—-cl:--c:-cl:-—clz—-H b.

"o
: C—0—C¢—H
H H H H H
H
|
c
|
H

I

oH oH oM
¢ttt
H H H
Which substance should have the highest...

1) viscosity 1ii) boiling point iii)vapor pressure

42, In each of the Ffollowing groups of substances, pick the one
(hal has the given property. Justily each answer,
a. highesl boiling point: CCly, CFy, CBry
b. lowest Freexing point: Lil, Fp, HCI
€. smallest vapor pressure al 25°C: CHsOCHs, CHyCH2OH,
CHLCHACHy
d. preatest viscosity: HeS, HE, HyOs
€. preatest heat of vaporization: HyCO, CHCH;, CHy
I, smallest enthalpy of fusion: I, CsBr, Cal)
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11.84 The DNA double helix (Figure 25.40) at the atomic level
looks like a twisted ladder, where the “rungs” of the lad-
der consist of molecules that are hydrogen-bonded
together. Sugar and phosphate groups make up the sides

You can see that AT base pairs are held together by two
hydrogen bonds, and the GC base pairs are held togeth-
er by three hydrogen bonds, Which base pair is more
stable to heating?

of the ladder. Shown are the structures of the adenine-
thymine (AT) “base pair” and the guanine-cytosine (GC)
base pair

CHy O+ H—NH N
' D
f‘r N ||“.._'\; \‘\ M
N

A

0

Sugar

Thymine Adenine

H
M—Hres()

/

\\
N—( =N

Deee{—NH

S gar

Cylosine Ciuanine
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1185 Ethylene glycol [CHAOH)CHA(OH)] is the major com-
ponent of antifreeze. It is a slightly viscous liguid, 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
valatile at room temperature and whose boiling point is
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 tore; (d) estimate the external
pressure at which diethy] ether will boil at 40 °C.

a0 M.6°C 78.3°C 100 °C
(N
760 A A 3
E Mormal boiling
= oint
u 60 Diethy] ;
7 ether .
7 Ethyl alcohal
B 400 (ethanol) Water
R
e
ko
-
200
Ethylene
glycol
i
[ 20 40 Al H0 1000

Temperature ("C)

& Figure 11.24 Vapor pressure for four common
liquids as a function of temperature. The temperature
at which the vapor pressure is 760 torr is the normal
boiling point of each liquid.
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11.71 What kinds of attractive forces exist between particles in
{a) molecular crystals, (b) covalent-network crystals,
(c) ionic crystals, (d) metallic crystals?

11.74 Which type (or types) of crystalline solid is character-
ized by each of the following: (a) high mobility of elec-
trons throughout the solid; (b) softness, relatively low
melting point; (e) high melting point and poor electrical
conductivity; (d) network of covalent bonds; {ed charged
particles throughout the solid.
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11.75 A white substance melts with some decompaosition al
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?

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?
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11,72 Indicate the type of crystal {(molecular, metallic, cova-
lent-network, or ionic) each of the following would
form upon solidification: (a) CaCOy, (b) P, (¢) ZrOy
(melting, point, 2677 °C), (d) table sugar (C)aH00p ),
(e) benzene, (f) 15,

11.78 For each of the following pairs of substances, predict
which will have the higher melting point, and indicate
why: (a) HE TICL; (k) C {graphite), Cly; (e) KCI, Cly;
(d) LiF, Mgls.
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63. Explain how doping silicon with either 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, NHyNO,
b. PH, h. S,

c. Hy i. Ar

d. Mg Jj- Cu

e. KCI k. CgHpp0p4
f. quartz
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Consider the following data concerning four different substances. 510, B.H, W Csl

Compound Cund::‘l: ::;r;::ﬂc“! Other Properties Type of Solid
no gas at 25°C
no high mp
aqueous solution
o conducts electricity
yes 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)

Anexarnple of analloy is showninthe diagram below.
Cormpared with the pure metal ¥, how would you exped
the properties of the alloy to vary?

Element X 0

Element Y &

(&) The alloy has higher malleability and higher density,
(B The alloy has lower malleability and low er density.
(C) The alloy has higher malleability and lower density
(D) The alley has lower malleability and higher density.

Explain your choice.
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Label each type of solid based on its structure. The diagrams below show two different doped samples of silicon.

a) Label each as other n-doped or p-doped and explain how you

(A) (C) 8008 Know.
O O b) The doping agents (1-left, 2-right) used were boron and
O 88 88 phosphorus. Explain which was used in each case and how you
know.

(B) MDD (p) O@O@ Diagram 1 Diagram 2
®PP®  HEOOO
WO@D@D® 8888 o...o.: ..'....

e e .o e
POD®D . ® ] o.o‘ P . o e}
. . . . .

.o .o LR L
.00 ole]

.0 . e .-e




1181 Two isomers of the planar compound 12-dichloro-
ethylene are shown here, along with their melting and
boiling points.

EI\CI:l/II [l\f:(‘/il

e . e .

l Cl H l

cis fsomer trans isomer
Melting point (°C) =805 =49 8
Boiling point (°C) 603 475

(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?
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A certain compound contains only C, H, and N. Combustion of 0.125 g of this compound produces (L172 g of H,O
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 empirical 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 1somers that you would expect to
exhibit the lowest and highest boiling points. Explain your reasoning in terms of the intermolecular forces involved.
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