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115  Asthe iemperature of a substance is increased, the average kinelic energy of lhe particles
increases. In a colleclion of particles (maolecules), the state is determined by the strength of
interparticle forces relative to the average kinelic energy of the particles. As the average
kinetic energy increases, more particles are able to gvercome intermolacular attractive forces
and move lo a less ordered slate, from solid to liquid to gas,

116 (a) Al constant temperature, the average kinelic energy of a collection of particles is
constant. Compression brings particles closer together and-increases the number
of particle-particle collisions. With mere collisions, the likelihoed of inlermclecular
altractions causing the particles to coalesce (liquefy) is greater.

(b) In both liquids and solids, the component particles are touching. Most of the emply
space in the sample volume has been eliminated and the sample is eondensed.

118  (a) London-dispersion forces  (b) dipole-dipole and London-dispersion forces
(c) hydrogen bonding

11.14  For molecules with similar structures, the sirength of dispersion forces increases with

molecular size {molecular weight and number of elestrons in the molecule).
(a) Br, (b} CH,CH,CH,SH
(c) CH,CH,CH,C!. These two molecules have the same molecular formula and molecular
weight (C,H,Cl. molecular weight = 78.5 amu), so the shapes of the malesules
determine which has the stronger dispersion forces. According to Figure 11.6, the
cylindrical {not branched) melecule will have stronger dispersian forces.
11.18 (a) Replacing a hydroxyl hydragen with a CH, group elminates hycregen Eending in that
part of the molecule. This reduces tre strength of intermolecular farcas and leads to
a (much) lower boiling point.
(b) CH;OCH,CH,OCH, is a larger, mere polarizable moiecula witn stronger Londen-

dispersion forces and thus a higher boiling peint.

11.20 (a) CeH,, — dispersion; C,H,, - dispersion. CsH,q has the higher boiling goint due
to greater melar mass and similar strength of ferces.

(b) C,H, — dispersion; CH,0CH, - dipale-dipole and dispersion. CH,0CH, Fas tqe
higher boiling point due to sirenger intermelacular forces and similar melar mass

(c) CH,0H - hydrogen bonding, dipole-dipole and dispersion: CH,SH -dipole-dipola and
dispersion, CH,0OH has the higher boiling point due to tha influence of hydracen
bonding (Figure 11.7).

(d) NH,NH, — hydrogen bonding, dipole-dipole and dispersion; CH,CH, - disperzion
NH,;NH, has the higher teiling point due to much stronger intarmalecular fore s,

1126 (a) H—'f‘l"l—'f;‘f“"H Bl H—G—H
o
H H
(b) All have bonds (N-H or O-H, respectively} capable of forming hydrageh bonds.
Hydrogen bonding is the strengest intermolecular interaction between neutral
molecules and leads to very strang cohesive forces in liquids. The stranger the

cohesive forces in a liquid, the greater the surface tension,
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1127 Endothermic: melting (s = 1), vaporization (I = g), sublimation (s = g)
Exothermic: condensation (g = 1), freezing (I = s), deposition (g3 = s)

“a -

hhoe - V=5

(b)
11.35 (a)
(B)

(c)
11.41  (a)
(b)
11.42 (a)
(b)
11.48 (a)
(b)

L= e*hyl cnloride at room temperature is far acove its boiling point. Wh' - the
liquid contacts the metal surface, heat sufficient to vaporize the liquid is transferred
from the matal to the e*hyl chicride, and the heat centent of the melecules incrz _zes.
At constant atmospheric pressure, AH = g, so the heat content and the entnaipy
content of C,H;Cl(g) is higher than that of C,HCI(l).

Attractive intermolecular forces hold the C,H.Cl molecules in close contact in the
liquid phase. In order to overcome these attractive forces and maintain separation in
the gas phase, the enthalpy content of the C,HCl molecules must increase when
they change from the liquid to the gaseous state.

The critical pressure is the pressure required to cause liquefaction at the critical
temperature. The critical temperature is the highest temperature at which a gas can
be liguefied, regardless of pressure.

A5 tne force of atiraciicn betwesn moiscules Incr

[31)
i
wm
m
w

compound increases.

The temperature of No(l) is 77 K. All of the gases in Table 11.4 have critical
temperaturas higher than 77 K, so al of them can be liquefied at this temperature,
given sufficient pressure.

The water in the two pans is at the same temperature, the boiling point of water at
the atmospheric pressure of the room. During a phase change, the temperature of
a system is constant. All energy gained from the surroundings is used to accomplish
the transition, in this case to vaporize the liquid water. The pan of water that is boiling
vigorously is gaining more energy and the liquid is being vaporized mere quickly than
in the other pan, but the temperature of the phase change is the same.

Vapor pressure does not depend on either volume or surface area of the liquid. As
long as the containers are at the same temperature, the vapor pressures of water in
the two containers are the same.

On a humid day, there are more gaseous water molecules in the air and more are
recaptured by the surface of the liquid, making evaporation slower.

At high altitude, atmospheric pressure is lower and water boils at a lower temperature.
The eggs must be cooked longer at the lower temperature.

The triple point on a phase diagram represents the temperature at which the gas,
liquid and solid phases are in equilibrium.

No. A phase diagram represents a closed system, one where no matter can escape
and no substance other than the one under consideration is present; air cannot be
present in the system. Evenif airis excluded, at 1 atm of external pressure, the triple
point of water is inaccessible, regardless of temperature [see Sample Exercise
11.8(D)].



Solid CO, sublimes to form CO,(g) at a temperature of about -60°C.
(b) Sclid CO, melts to form CO,(i) at a temperature of about -50°C. The CO(l) boils
when the temperature reaches approximately -40°C.

11.58 (a) Ti: 8 corners x 1/8 sphera/corner + [1 center x 1 sphere/center] = 2 Ti atoms
O: 4 faces x 1/2 spherefface + [2 interior % 1 sphere/interior] = 4 O atems
Formula: Ti.O.
(b) Rutile is an ionic solid; ion-ion foerces among Ti** cations and O* anions are quite

strong, owing to the magnitudes of the charges, and lead to the ordered structure.

11.62 Avogadro's number is the number of KCI formula units in 74.55 g of KCI.

3 10 S 4 +
74,55 g KOl x e (1x107pm)  ARELUNTS = 6,07 x 10 KCI formula units
1.8849 1cm? 628° pm’>




13.23

13.24

13.28

|3.2¢

13.31

PSHE 20 +214 AP Chemistyy

Analyze/Plan. Follow the logic in Sample Exarcise 13.3. Solve:
() ass o= __Mmasssolute o0 11.7gNa,S0, % 100 = 2.579
total mass solution 11.7gNa,S0O, + 443gH,0 =8t
(b) ppm = mass solute x 10°: 5.85gAg , iton _ 1Ib x 105
total mass solution " 1tonore  2000lb  453.6g ¢
= 6.56 ppm
(a) mass % = mass solils x 100
total mass solution
mass solute = 0.045 mol I, x Zsfal, o 11.421=11gl
1mol, 2
11.421g1
mass % I, = 2 = =
o1, 11421g1, +11SQCCI‘wa 9.034—9.0%12
(b) e mass soiute' % 10° = 0.0079gSr*" 16 & 7.9 55 S2*
total mass solution 1x 10°gH,0 =8P
| 15.0 g AL(SO,) 1 mol AL(SO,) PE—
(a) = mol so Ute; — 2 2 = 2 =L0‘?25_,M,A}z{50‘)3
L soln 0.350L scln 342.2gAI,(SO,), T T
5.25 g Mn(NO,),*2H.0 1 mel Mn(NO,), +2H,0 SN
) —— s OO MMIND):

0.175L saln 215.0 g Mn(NQ,),+2H.0 =
(c) M. x L =M,x L, 2.00MHSO, x0.0350L="7M H,S0, x 0.500 L
SR80 MBSOT
Anaivze/Plan. Follow the logic in Sample Exercise 13.4. Solve:

__molsolute 10-59C:"; 1molC.;H,  1000gCCl,
= . %

(@) Ay X
kgsolvent’ 18.5gCCl,  78.11gC.H, 1 kg CCl,

(b) The density of H,O = 0.887 g/mL = 0.887 ka/L.

415gNaCl , 1molNaCl 1LHO & s
0250LH,0 5844gNaCl  0897kgH,O  oosi

Analyze/Plan. Assume 1 L of solution. Density gives the total mass of 1 L of solution, The
g H.SO,/L are also given in the problem. Mass % = mass solute/total mass solution.
Calculate mass solvent from mass solution and mass solute. Calculate moles solute and
solvent and use the appropriate definitions to calculate mole fraction, molality and molarity.
Solve:

571.6gH,S0, 1Lsoln
x

= 0.430098 g H,S0./g soln
1Lsoaln 1329 gsoln 8 lgeaeiis

(a)

mass percent is thus 0.4301 x 100 = 43.01% H,S0O,
(b) In a liter of solution there are 1328 - 571.6 =757.4 = 757 g H,0.

571.6 gH,SO, 757.4gH.0
e e 2 P S RaTnel HeS0, s R 2L 2a0.038242.0 ol HO
98.09 g/mol 18.02 g/moal
5827 __=igqze '

731,30, _m



13.32

13.38

(c)

(b)

(d)

(b)

(c)

(The result has 3 sig figs because 42.0 mol H,0 limits the denominator to 3 sig figs.)

5.827 mal H,SO,
molality == DETMO H50) 6% = 788im H,S0,
0.7574 kg H,0

5.827 mol H,S0,
molarity = T 12 ® =5.827 M H,SO,
soin

o _  Mmass CiH O _
mass % = — % 100;
total mass solution

80.5 g C4H,0,
80.5 g C;H,0, + 210 g H,0

x 100 = 27.71 = 27.7% C¢H,0

6

80.5g C4H,0O,
176.1 g/mol
210gH,0

18.02 g/mol

mol C4H,0, = = 0.4571 = 0.457 mol C4H,0,

mel H,0 = =11.654 = 11.7 mol H,0

0.4571 mol C,H, 0O, 5
Yo-ti0. = =0.0377
7 0.4571 mol CH,O, + 11.654 mol H,0

0.4571 mol C,H,0,

m= =2.18m C,H,0,
0.210kgH.0
mol C.H.O. s 1
= — 2 8. 290.5gsoinx -0t x 1L _possogo0say
L solution 1.22¢g 1000 mL

0.4571 mol C,Hy Oy
M= - =1.82 M C.H,0,
0.2381 L saln

0.110 mol (NH,).S0, i 132.2 g (NH,).S0

x 1.50L x S =2181=218 NH,),SO,
TLson 1 mol (NH,),50, 9 (NH,

Weigh 21.8 g (NH,),S0O,, dissolve in a small amount of water, continue adﬁiing water
with thorough mixing up to a total solution volume of 1.50 L,

Determine the mass fraction of Na,CO, in the solution:

0.55mol N2,CO, _ 106.0gNa,CO, 89 gNa,CO,
x =68.9gq= —— ¢ 3
1000 g H,0 1 mol Na,CO, 97 TooogH0

) 68.9¢g Na,CO,
mass fraction = = 0.06446 = 0.064
1000 g H,0 + 68.9 g Na,CO,

In 120 g of solution, there are 0.06446(120)=7.735=7.7 g Na,CO,.
Weigh out 7.7 g Na,CO, and dissolve it in 120 - 7.7 = 112.3 g H,0 to make
exactly 120 g of solution.

(112.3 g H,0/0.957 g H.O/mL @ 25° = 112.6 mL H.0)

120 x1000mL _ 1.16g

= 1382 g solution; 0.150(1392 gsoln)=209g Pb(NO,)
L 1mL

2

Weigh 209 g Pb(NO.,) and add (1362 - 208) = 1183 g H,0 to make exactly
{1382 =1.23 x 10% g or 1.20 L of solution.

(1183 g H;0/0.997 g/mL @ 25°C = 1187 mL H.0)



(c)

(d)

13.32 (a)
(b)

(c)

(d)

13.38 (a)

(b)

(c)

(The result has 3 sig figs because 42.0 mol H,0 limits the denominator to 3 sig figs.)

5.827 mol H,SO,

molality :m

=7.683 = 7.69 mH,S0,
5.827 mel H,S0,

melEtif= 1Lsoln

= 5.827 M H,S0,

mass CgH, O,
total mass solution
80.5g CsH, 04
x 100 =27.71=27.7% CeHy 0,
80.5g CH,O; + 210g H,0

mass % =

x 100;

_ 80.5gC4H,0,

ol C;H,0, = =0.4571 = 0.457 mol C,H.0
e = e Tgimel B
s 21 aH0 11.654 = 11.7 mol H,0
m i S —_— = d = 4 mo
T e G gmal :
0.4571 mol C,H,0,
s o _ S =TT
% 0.4571mol CgH,0, + 11.654 mol FLO
0.4571 mol C,H,0,
m= =218 m C.H,0,
0.210kg H,0
mol C.H, O, 4
M= =2 290.5gsoinx ML o 1L _ oo, =0.238L
L solution 1.22¢g 1000 mL
0.4571 mol C,H,0, )
= =1.92 M C.H,0,
0.2381 L saoin
0.110 mol (NH,),SO0, 132.2 g (NH, .30, o
_ " x5 ¥o——— " =2181=21 N
TLsan 1mol (NH,),S0, 89 (NH,),S0,

Weigh21.8 g (NH,),80,, dissclve in a small amount of water, continue adding water
with thorough mixing up to a total solution volume of 1.50 L.

Determine the mass fraction of Na,CO, in the solution:

085molN2,CO;  106.0g Na,CO, g 89 gNa,CO,
—_— X - s T3 _ 5 S -
1000 g H,0 1 mol Na,CO, 9= Zo00 gH,0

68.9 g Na,Co,

mass fraction = = 0.06446 = 0.064
1000 g H,O+68.99 NaZCD3

In 120 g of solution, there are 0.06446(120)=7.735=7.7 g Na,Co,.

Weigh out 7.7 g Na,CO, and dissolve itin 120-7.7 = 112.3 g H,0 to make
exactly 120 g of solution.

(112.3 g H,0/0.897 g H,0/mL @ 25° = 112.6 mL H,0)

1201 x1000mL 1164

= 1382 g solution: 0.150(1382 g soln) = 209 Pb(N
L Tl g ( g ) g Pb(NOQ,),

Weigh 208 g Pb(NO,) and add (1352 - 209)=1183 g H.O to make exactly
(1382=1.239 % 10% g or 1.20 L of solution,

(1183 g H:0/0.997 g/mL @ 25°C = 1167 mL H.0)
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