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Processes and Entropy

Questions

Explain what is meant by a spontaneous process.
Give two exampies each of spontaneous and non-

proccsscs,

Which of the following processes are spontaneous
which are nonspontaneous? (a) dissolving table

i4lr (NaCl) in hot soup; (b) climbing Mt.,Everest;
) spreading fragrance in a room by removing the

from a perfume bottle; (d) separating helium and
from a mixture of the sases

of the following processes are spontaneous and
are nonspontaneous at a given temperafure?

NoJ卜σo,(s)¨
旦 鸟 >NaNo3(￠

日) saturated soln

NaNo3(s)」
± 黔 NaNo3(伤日)unsamratcd solh

NaNo3(J)-旦鸟 ” NaNo3(夕')

supersaturated soln
entropy. What are the units of entropy?

does the entropy of a system change for each of
following processes?
,A solid melts.
-A hquid freezes.
A liquid boils.
A vapor is converted to a solid.
A vapor condenses to a liquid.
A solid sublimes.
,Urea dissolves in water.

ider the arrangement in Figure 18.1. Because
薮 ρ!ume。

fthc two bulbs o犰e saInc,山c proba-

。f nnding a molecuIe in葫曲 er buIb心吉,Calcu~

the probability of all the molecules ending up in

。ΓJ犯
饴F

Questions and Problems 829

samc molar amount is uscd in tlle cQmpanson Ex~

p1缸n me ba盂s for your cho允c,(a)Li(Θ or Li(′);

(bl C2炖0H⑺ or CH30CH3(D⒄ 讠⒕″ M/ll允h IrlolecLIlc

can hyd1·ogcn-bondD;(c)'廿
惚 )or X∝g);(dl Co惚)or

C o 2 l g ) ; ( e ) o 2 ( g ) o r  O 3 偬
) ; ( f ) N o 2 ( 宫) o r  N 2 0 4 ( g )

18.10 AⅡ0ngσ1he~foI1。w面 虿 秃ubst。hceζ(1m。 le each)

in order of increOsing entropˇat25°C∶ la)Net⒄,

rb)so2(g),fc)N《sl,ld)NaC10),le)H【D,GhC tIlc

rcasons for your arrangemcnt,

惑〖岁既嚣葱巴拙翟盅岛琨叮盟投⒈lr猡
(a)s(J)+o2ω)—

—)So2(g)

(b)MgCo3(J)—→ Mgo(s)+Co2(g)

献〖揣抚留胛 盅岛琨嗖楹捣拶
0)H2(g)+Cuo(s)-Cu(s)+H20(g)

lb)2A1(s)+3zno(J)-Abo3(s)+3zn(s)

o)CH4(g)+202(g)-Co2(g)+2H20(`)

18.1β
W灬

哎 cρ咀su1ung Appen诹3,pre扯t wheth∝Ⅱ

entropy山angc灬posiuve∝ncg洫vc for each of thc

follow吨 reac钕n⒊ G加 ρ re灬ons for your pre山c血 Ⅺ s。

(a)2KClo4(J)——>2KC103(s)+o2(g)

o)H20(g)-—→ H20(J)

o)2Na(s)+2H20(J)-ˉ今

2NaoH(夕日)+H2(g)

(Φ N2(g)-—→ 2N(g)

18.14 statc whethcr thc sign of me entr。
py change ex~

pected for each of the foll°ψ hg processes wm bc

positive or negative,an-exp1缸n your predictions。

(a)PC圮 (')+Clo(g)—
—→ PC辶 (s)

o)2Hgo(s)-2耳g(`)+o2(g)

lc)H2(8)-∵→ 2H(g)               ∶

@)U(s)+3F2(g)-—→ UF6(s)

Gibbs Free Energy
R纟v沱wo切 邵 历o刀s

18,15 Denhc free encrgy。Ⅳ Vhat are its units?

蛸溜炼耢链髑鞲弼
spontan⒍ty of a reacuon?    ∶

Pro9勿犰s  ∷ ∷                    ∷

18·
!7 q巳icu0te今c°for thc follo访iig reao伍ons犁2§

δ
0∷

0)N2(怎)十 o2(g)-→̄ 'N0(g)    ∶    ∷

o)H20【J)-H20(g)

lc)2C2H2(g)+§o2(g)-ˉ 今            :

∷     ∶      4co2(g)十 2H20(')

拔胛1茧找f黥氨罚垦男n嘿⒈嘿
shown in Figure 18.1(b) will not be

for a macroscopic system.

Law of Thermodynamics

,e,the second law of thermodynamics in words
:express it mathematically.

the third law of thermodynamics and explain
in calculating entropy values.

pair of substances listed here, choose the one
the larger standard entropy value at 25'C. The
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(〃加 'Look up thc shndard ice cncr酊Cs of brm肛

tion ofthc rcactants and products in Appcndix3)

1 8 . 1 8  C d c u l a t e  ΔC °f o r  t h c  f o 1 1 o w i n g  r e a c t i o n s  a t 2 5 °C ∶

、舍瞅:S (a)2R/Ig(s)+o2(g)-2Mgo(s)

(b)2So2(g)+o2(g)-2So3(g)

(c)2C2H6(g)+702(g)-
4Co2(g)+6H20(`)

See'`ppendix3forthcmodynaΠ 1ic data

1819 From tllc values of Δff and Δs,prcdict which of thO

`刀′RIs  foI1owing reactions wou1d be spontaneous at25°C∶

Rcacdon/`∶ΔH=105kJ/mol,Δs=30J/Κ·mol;

rcaction B∶ΔJr= 1.8kJ/mo1,Δs= -113J/Κ·

mo1. If cither of thc reactions is nonspontancOus

at 25°C, at what tempcraturc Ⅱ 1ight it bccome

spontancOus?

I8.20 Find the tempcratures at which rcactions wⅡh the

fo11owing Δ〃 and ΔS va1ucs would bccome sponta-

ncOus∶(al ΔⅡ
〓 -126kJ/Illo1,Δ

s=84J/Κ ·
mol;

(b)Δ
Ⅱ

=-11.7kJ/mol,Δ
s=-105J/Κ

·
mol。

Free
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I Problems
ain the following nursery rhyme in terms of the

second law of thermodYnamics.

mpty Dumpty sat on a wall;

HumptY DumPtY had a great fall.

411 the King's horses and all the King's men
't put Humpty together again.

tate AG for the reaction

H20(`)手〓全H+(Ω日)+oH(̄夕日)

25°C forthe fo11owing cooditions∶

[H*]  :  l .o x 1o-7 M,loH-l :  1.0 x lo-7 M

[H* ]  :  l .o  x  lo -3  M,PH- I :  l .o  x  lo -4  M

c) [H*l  --  1.0 x 10-12 M, toH-l  :  2.ox l0-B M

i Ft 
*l : 3.5 M [oH-] : 4.8 x to-" M
of the following thermodynamic functions

associated only with the first law of thermody-
ics: S, E, G, and H?

student placed I g ofeach ofthree compounds A,
and C in a container and found that after 1 week
change had occurred. Offer some possible expla-
ions for the fact that no reactions took place. As-

that A, B, and C are totally miscible liquids.

u l c  d a t a  m ^ p p C n d 汉3 t o  c a l c u 1 a ℃J l c  e q o Ⅱb o u m

for the reacdon AgI(sl t=全Ag+(夕日)+

.(aq) at 25"C. Compare your result with the K,n
in Tab1e1⒍2。

ict the signs,of AE, AS, and AG of the system
the following processes at 1 atm: (a) ammonia
ts at -60'C, (b) ammonia melts at -7'7.7"C,

) ammonia melts at - 100'C. (The normal melting
of aImoniais-77.7° C。 )

the following facts: Water freezes spontane-
at -5oC and 1 atm. and ice has a more ordered

than liquid water. Explain how a spontane-
process can lead to a decrease in entropy.

ium nitrate (NH4NO3) dissolves spontane-
y and endothermically in water. What can you

about the sign of AS for the solution process?

the equilibrium pressure of CO2 due to the
i伍on ofb血jm carbonatc OaCo3)at25°C,

Trouton's ru1e states that the ratio of the molar
of vaporization of a liquid (AIIu"p) to its boiling
in kelvins is approximately 90 J/K ' mol. Use

following data to show that this is the case and
in why Trouton's rule holds true:

rbp(°C)       Δ‰ p(kJ/moD

80.1

68∶7

357

110.6

Qr"restions and Probiems

(b) Use the vaiues in Table 1 1.6 to calculate the same
ratio for ethanol and water. Exptain why Trouton's
rule does not apply to these two substances as well as
it does to other liquids.

Referring to Problem 18.46, explain why the ratio is
considerably smaller than 90 JiK ' mol for liquid HF.

Carbon monoxide (CO) and nitric oxide (NO) are
polluting gases contained in automobile exhaust.
Under suitable conditions, these gases can be made
to ieact to form nitrogen (Nt and the less harmful
carbon dioxide (COz). (a) Write an equation for this
reaction. (b) Identify the oxidizing and reducing
agents. (c) Calculate the Kp for the reaction at25'C-
(d) Under normal atmospheric conditions, the partial
pressures are P1,{, : ojo atm, Pg6": 3.0 x 10-a
ut-, P",, : 5.0'X 10-5 atm, and P1,{o : 5.0 X 10-7
atm. Calculate Qp and predict the direction toward
which the reaction will proceed. (e) Will raising the
temperature favor the formation of N2 and CO2?

For reactions carried out under standard-state
conditions, Equation (18.10) takes the form
AG" : AH" - ZAS'. (a) Assuming AI1" and AS'
are independent oftemperature, derive the equation

, K2 LH" (72- TL\
' " n :  R \ r ' r t )

where K1 and K2 are the equilibrium constants at
T1 wrd 72, respectively. (b) Given that at 25'C K" is
4.63 x 10-'for the reaction

N204(g)芊 =全 2No2(g) Δ 刀
° =58· 0kJ/mo1

calculatc the cquⅡboum constant at65°C。

【:‘°
鞔拙萎指%;卢愠毛黯腽氍:拄尘
18.49(a)and由 c data h Appcn由x3to calculate

⑩ 羰 摁∮理豁龉F 漶嚣: 坩徐⒊
ncgatiYe stand拥enLopy?

18.52 Water gas,a ⅡⅡ xtLlrc of H2and Co,is a f讧el rnade by

蜘 s reacting哎ealn w讪 rcd-hot coke o b圹product of

coal disd11adon)∶

H20(g)+C(s)手
=全 Co(g)+H2(g) ∷

From tho data in Appendix3∫esdmatc the tempem-

ture at which the reaction bcgins to favor the foma-

tion of products.

1853 Considcr thC fouowing Br￠nstead aCid-base rcaction

狨25°C∶

18.48

弋虫气Rls

18.49

31,0

30,8

59.o

35.2

HF(伤日)+Cr(￠ 日)天干=|HC1(曰日)+F「 (伢日)

(al Pre由ct whether K wi11be g诧
·
ater or smaner than

u碰 ty.lb)Does As°orAH° makc a墅乩 缸 con缸bu伍on

to ΔC°?o)Iζ AH°Ⅱ keˇ to bC p。sidve or nog乱ive?
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CaCo3(s)亭=仝Cao(s)+Co2(g)

Thc equi1ibriun1 vapor pressurcs of Co2 are

22.61nrnHg at700° C and 1829mmHg at95o° c.

CaIcu1atc the standard cnthalpy of thc rcaction

[H讠n夕 Scc P∞ blem1849(al]

A ccrtain reac吐on is spontancOus at72°C.If the cn-

ulalpy changc forlhe rcao伍on“ 19kJ/mol,whatis the

//lf刀J仰讶9,lvaIuc ofΔS cn J/K·mol)foI·the rcacuon?

Prcdict whcther thc entropy changc is positivc Or

ncgativc for each of thesc rcactions∶

(a)Zn(s)+2HCl(伤日)→ ZnCb(饣日)+H2(g)

( b ) o ( g ) + o ( g ) —→ 0 2 ( g )

(c)NH4No3(s)-N20(g)+2H20(g)

a decrease in the number of microstates of the sys-
tem (gases are converted to a solid). Explain.
Use the following data to determine the normal boil-
ing point, in kelvins, of mercury. What assumptions
must you make in order to do the calculation?

Δ 乃呷
=0(by dc丘 n⒒ion)

s°=77.4J/Κ·mo1

Δ珲 =60,78kJ/moI

s°=174.7J/Κ·mo1

832

/f\
I \
\lS.S.t rfrystatlizetion of sodir-rm acerate tiom a supersatu-
$Agrsa rated solution occurs spontaneously (see p. 514).

What can you deduce about the signs ot'AS and AI1?
18.55 Consider the thermal decomposition of CaCO3:

9
O

l∶i:i胥:∶嘿娆i;÷lL〗F扭:抡议

Hg(J)∶

Hg(g)∶

molar heat of vaporization of ethanol is
39.3 kJ/mol and the boiling point of ethanol is
78.3"C. Calculate AS for the vaporization of

σ l;l∶|l;∶鞲i潸崽⒊扌⒊卩袅￡e⒊含g;髁::

噫莒扌甘:∶:点糨描T搬&泔:豁喙趱f乇
produce Ni(Co)4,Whch is a gas and can therefore bc

separated fron1so1id ilupurities∶

Ni(s)+4Co(g)手=全Ni(Co)4(g)

C;ivcn thatthc standard frcc cnergics of fomation of

Co(g)and Ni(Co、
(g)arc ˉ 137,3kJ/mo1and

-587.4kJ/moL respectiveIy, calcu1atc山

e cquilib~

Hun1constant of the reaction at80°C.Assume that     18.70

ΔC:is temper脏uF hdepcndent.

1863 Ca1culate Δ
g°
and KP for the following proccsscs at

25°C∶

(⒆ H2(g)+Br9(J)亍
=仝 2HBr(g)

lb)言H2(g)+扣勹(J)←尘 HBr(g)

Account tbr the ditferences in AG" and Ku obtained
tbr (a) and (b).

18.64 Calculate the pressure of 02 (in atm) over a sarnple of
t-ARfS NiO at 25"C if AG' : 2l2kJlmol for the reaction

Φ孺j扎鞣‰iili∶↓濒凼⒈
18.66 For a reaction with a negativc ΔC° valuc,、vhich of

the fo11owhg strltemcnts is fhlsc?(a)ThC CquilΦ~

oun1constant K is grcater than one,(b)thC rcaction

is spontaneous、vhen all thc rcactants and products

are in their standard states, and (c) thC rCaction is

a1ways cxothcrlllic

18.67 Consider the rcaction

N2(g)+o2(g)c=全 2No(g)

CIivcn that ΔC°for thc rcacuon at25°C is 173,4

kJ/mol,o)calcu1·atc the standard frcc cnerboy of fo⒈

mati(冫n of No,and(l,)calcuIatc KP of the Ⅱacton

(c)onc ofthe sta亻ing substanccs in smog fomlation

is No.AssuΠ1ing that the tempcraturc in a mnning

automoulc cn鲈nc。 110￠ C,∞ timate KP for thc

above reac伍on(dl As hrlners know,1igh缸讧ng hclps

to produce a better crop,Why?

18.68 Heating coppcr(II)oxidC at400°C docs not produce

any appreciab1c amount of Cu∶

Cuo(s)亍=全 Cu(s)+:o2(g) Δc°=127.2kJ/mol

However, if this reaction is coupled to the conver-
sion of graphite to carbon monoxide, it becomes
spontaneous. Write an equation for the coupled pro-
cess and calculate the equilibrium constant for the
coupled reaction.

The internal engine of a 1200-kg car is designed to
run on octane (CaHrs), whose enthalpy of combus-
tion is 5510 kJ/mol. If the car is moving up a slope,
calculate the maximum height (in meters) to which
the car can be driven on 1.0 gallon of the fuel. As-
sume that the engine cylinder temperature is 2Z0A.C
and the exit temperature is 760'C, and neglect all
forms of friction. The mass of 1 eallon of fuel is
3.1 kg. fHint: See the Chemistry iriAction essay on
p. 814. The work done in moving the car over a verti-
cal distance is mgh, wbere m is the mass of the car in
kg, g the acceleration due to gravity (9.81 m/s2), and
/r the height in meters.l

Consider the decomposition of magnesium carbonate:

MgCO3(s) <===+ MgO(s) + COz(S)

Calculate the temperature at which the decompos!
tion begins to favor products. Assume that both A-F1.
and ASo are independent of temperature.



(a) Over the years there have been numerous claims

about "perpetual motion machines," machines that

will produce useful work with no input of energy'

Explain why the flrst law of thermodynamics prohib-

its the possibility of such a machine existing. (b) An-

other kind of machine, sometimes called a "perpetual

motion of the second kind," operates as follows.

Suppose an ocean liner sails by scooping up water

from the ocean and then extracting heat from the

water, converting the heat to electric power to run

the ship, and dumping the water back into the ocean.

This process does not violate the first law of thermo-

dynamics, for no energy is created-energy from the

ocean is just converted to electrical energy. Show

that the second law of thermodynamics prohibits the
of such a machine.

I The activity series in Section 4.4 shows that reaction
(a) is spontaneous while reaction (b) is nonspontane-

ous at 250C:
(a) Fe(s) + 2H+ ------+ Fe2+(aq) + HzG)

(b) Cu(s) + 2H+ ------+ Ctt2+(aq) + HzG)

Use the data in Appendix 3 to calculate the equilib-

rium constant for these reactions and hence confirm

that the activity series is corect.

Qnestions and Ploblems 833

A 7.1.6-9 ice cube floats in the Arctic Sea. The tem-
perature and pressure of the system and surround-
ings are at I atm and 0'C. Calculate ASrr., A,S,u', and
ASoni, for the melting of the ice cube. What can you
conclude about the nature of the process from the
value of ASun1"? (The molar heat of fusion of water is

6.01kJ/mol.)
Comment on the feasibility of extracting copper
from its ore chalcocite (CuzS) by heating:

Cu2s(s)-2Cu(s)+s(s)

Calcu1ate the ΔC° for the overall reaction if thc

aboψc process is coup1cd to the conversion of su1-

fLIr to su1fur dioxide。Givcn that ΔCKCu2s)±

-86,1kJ/mo1,

18.79 Activc iansportis-hc process in which a substance

is transfcⅡed from a region of1ower concentration

to onc of highcr concentration,This is a nonsponta-

ncOus proccss and must be couplcd to a spontane-

ous process, such as the hydro1ysis of ATP。 Thc

concentrations of K+ions in the b1ood p1asma and

in nerVe ce11s raFe151mJ'and400md',respectively

( 1 刷犭
= 1 × 1 0 3 a r ) . U s c  E q u a t i o n ( 1 8 . 1 3 ) t o

ca1cu1狨e ΔG for u1e pr。ccss at the phy“ologiCal

tcmperaturc of37°C∶

Κ
+(15mM)-—

→ K+(000mM)

h this calcuIa饪on,the ΔC° tcⅡn‘can bc set to zcro。

η ‰ at is thcjusuncat。n for曲恣 stcp?

18.80 Largc quantities of hydrogen arρjneeded for the

鄹sγ岽:m∶l罂热搬骒 P1旺:∶II【;猫
stcam at300°C in曲 e presencc of a coppcr¨zinc

catalys⒈

Co(g)+H20(g)亍=全Co2(g)+H2(g)

CalcuIate me cqun曲Hum con哎ant(KPJ for thc reac-

uon and the tcmpcramre at which thc reaction favors

me f。mat⒗n。f CO and H20,Wnl a1argCr KP bc

att缸ned at the saIIle tc彐⒐perature if a Ilorc cfncient

catalyst is used?

18.81 Con⒍dor tWO c打boXy1ic a0ids(acids that contain

the-△ CooH group)∶ CH3CooH (acet妃  a0d,

Ka=1.8× 1oˉ
5)and CH2C1CooH(ch1oroacct“

疝 d,凡 =!.4× 1σ :)·⑶
C扭 cu1犯 Δ￠ for thC

0n弦 aton of山esc acids at25?C.(b)From the cqu⒊

u。 n Δ c°
〓
Δ 俨

一
TAs° ,we see thatthe con“

bu-

dons to the ΔC° tema arc an cnthalpy tcm(ΔⅡ
°
)

and a temperature umes entr。py tenn(TA1Fρ)·
ThesC

~     contⅡbudons are listed be1ow for thc twO acids:

龃
°
(kJ/moIJ    rAs°fkI/moI,

: The rate constant for the elementary reaction

灬 o(g)+o2(g)--)2No2(g)

;,is 7.1 X l}elL,f 's at 25oC. What is the rate constant

for the reverse reaction at the same temperafure?

The followins reaction was described as the cause of

sulfur deposits formed at volcanic sites (see p. 780):

2H2s(g)+so2(g)手〓全3s(s)+2H20(g)

It may also be used to remove SO2 from power-
plant stack gases. (a) Identify the type ofredox re-

action it is. (b) Calculate the equilibrium constant
(Kr) at 25"C and comment on whether this method
is feasible for removing SOz. (c) Would this pro-

cedure become more or less effective at a higher
r,temperature?

Describe two ways that you could measure AGo of a

reaction.
The following reaction represents the removal of
ozone in the stratosPhere:

203(g)子〓全302(g)

i:Calculate the equilibrium constant (Kp) for the re-
action. In view of the magnitude of the equilibrium

∶constant,cxp1ain why曲
o rcaction o not∞nsidˉ

、red a m旬or causc of ozone deplet0n in the ab-

∶scnce of manˉmadc po11utants such as the nitrogen

∷oxides and CFCs?Assume the temperature of the

∶0廿atosphcre to beˉ30°C and ΔC:to be tempera-

CH3CooH

CH2ClCooH

-0.57

-4.7

-27.6

△21.1

fure independent.
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Which is the dominant term in determinin-s the value
of AG" (and hence K" of the acid)? (c) What processes
contribute to A-F1'? (Consider the ionization of the ac-
ids as a Brpnsted acid-base reaction.) (d) Explain why
the ZAS' term is more negative for CH3COOH.
Many hydrocarbons exist as structural isomers,
which are compounds that have the same molecular
formula but different structures. For example. both
butane and isobutane have the same molecular for-
mula of CaH10 (see Problem 1 1. 19 on p. 505). Calcu-
late the mole percent of these molecules in an
equilibrium mixture at25"C, given that the standard
free bnergy of formation of butane is - 15.9 kJ/mol
and that of isobutane is -18.0 kJ/mol. Does your
result support the notion that straight-chain hydro-
carbons (that is, hydrocarbons in which the C atoms
are joined along a line) are less stable than branch-
chain hydrocarbons?

18.82

A rubber band is stretched vertically by attaching a
weight to one end and holding the other end by hand.
On heating the rubber band with a hot-air blower, it
is observed to shrink slightly in length. Give a ther-
modynamic analysis for this behavior. (fllntr See the
Chemistry in Action essay on p.826.)

18.84 One ofthe steps in the extraction ofiron fromits ore
(FeO) is the reduction of iron(tr) oxide by carbon
monoxide at 900'C:

FeO(s) + CO(s) # Fe(s) + COz(e)

If CO is allowed to react with an excess of FeO, cal-
culate the mole fractions of CO and CO2 at equilib_
rium. State any assumptions.

18.85 Derive the following equation

ΔC=RT h(g/Κ)

whcre gisthcrcaction quodentand dcscⅡbehow you

w o u 1 d  u s e  i t  t o  p r e d i c t  t h e  s p o n t m e i t y  o f  a  r e a c 伍o n .

Thc subli1nadon of carbon dioxide at-ˉ78°C is

Co20)→ Co2(⒄  Δ 戏 山
=⒍ .4kJ/mol

Calculate Δsklb whCn84.8g ofCo2sublimes at d旺s

t e m p e r a t u r e 。

1887Entropy has somctIIncs becn dcscr1bcd as “
t1n1c’s

淋铄拈i∶∶渑I妻糕萝黜 岁
哎d“C咖ncs tllc

甘;F:J罗
舁
【去1豁

挠 臂 凇 呢 吼 啻tl∶ΙェI∶凳

13bi11ion years,cdculate tlle timc in scconds our~

ing\x`hich this cvent can bc obscrvcd

全
s”dCllt”

ρ
kρ
0lp” ρ今 gs ΔJir邑and s。v破ucs圮r

黯∷拿帮:扌竞J甘絷捃差
a舞ⅠΨ⒊

298’Κ.Whatis wrong with his approach?

Consider伍e following reaction at298Κ∶

2H2(g)+o2(g)-—→ 2H20(J) ΔFf°=-5716kJ/mol

Calculate ASry", ASru-, and Asuniu for the reaction.
18.91 As an approximation, we can assume that proteins

exist either in the native (or physiologically func-
tioning) state and the denatured state

native (- denatured

The standard molar enthalpy and entropy of the de-
naturation of a certain protein are 512 kJ/mol and
1.60 kJ/K . mol, respectively. Comment on the signs
and magnitudes ofthese quantities, and calculate the
temperature at which the process favors the dena-
fured state.
Which of the following are not state functions: S, Il,
q , w , T ?

Which of the following is not accompanied by an
increase in the entropy of the system? (a) mixing of
two gases at the same temperature and pressure,
0) minng of ethanol and warer, (c) discharging a bat-
tery, (d) expansion of a gas followed by compression/---_r.".y, \u, E^pdrslull ur a gas rOllowe(l Dy compressron

f- 
\fo its original temperature, pressure, and volume.

(8.9a /HVdrogenarion reactions (for example, the process of
\_-/ converting C:C bonds to C-C bonds in food indus-

try) are facilitated by the use ofa transition metal cata-
lyst, such as Ni or Pt. The initial step is the adsomtion.
or binding, of hydrogen gas onto ihe metal ,u.fu...
Predict the signs of AI1, AS, and AG when hydrogen
gas is adsorbed onto the surface of Ni metal,

18.95 Give a detailed example of each of the following,
with an explanation: (a) a thermodynamically spon_
taneous process; (b) a process that would violate the
first law of thermodynamics; (c) a process that would
violate the second law of thermodynamics; (d) an
irreversible process; (e) an equilibrium process.

18.96 At 0 K, the entropy of carbon monoxide crystal is not
zero but has a value of 4.2 J[K. mol, called the residual

entropy.According to the tmrd law。f犰 ermoψ nam-

ics,血s means伍乱 由 c crystal do∞not have a perfcα

arrangemcnt ofthc CO mo1ccu1cs,⑶w△ at would be

曲 e re“dual cntropy if伍e arrangement we￡ tot龃ly

random?o)conlment on伍 e dff∝encc bctween the

rcsult in(Θ
 and4.2J/K·mo1.[H沅 r Assu血 that cach

CO molecule has小〃o choices for oⅡentadoh and usC

Equadon(18.1)to calculate thc rc蚯dual entropy.]



1 5 . 1 2 6 —0 2 0 1 5 . 1 2 8 ( a ) E q u i l i b r i u m  w i l l  s h i t l  t o  t h c  H g h t ( b ) T o

the left (c)N°C±fect(d)To the⒒ght 15.13θ The amines are

converted to tl,c订sd‘ RNH言  15.13214× 10ˉ
415.1344.40

15.136In a basic Fnedium,the ammoniuln saltis convcrted to mc

r丑r瑟谎 搬 昆l嬲 漕 茗 檎 {:于l:;、
1;野
扌;1捣

in100M HF md22×10ˉ
5〃
in100M HCN HFisa虻ron珈r

acid than HCN 15.148602 15.1501.18

CHAPTER16

16.6(a)1128 (b)908 16·10(a),(b),and(c) 16.12474for both

(a)is morc effective because it has a higher concentration。

16.1470316.161Q More effec吐ve agal灬t meacⅡ16.18(a)4.82,

(b)464 16.20HC.16.22(l)(a)∶510.(b》482 (c)∶5.22

(d):500 (2)490 (3)5.22 16.26901g/mo1.16.280467乃f

ltˉ3【,Ⅱ勹=3,0×10
1̄3`⒕
[oH△=00335悦rNa+]=00835⒕

[CH3Coo△=00500阢【CH3CooH]=8.4×10
l̄°M

16.32823 16.34(a)1136 (b)9.55.(c)8,95.(d)5,19.

( e ) ⒈7 0 . 1 6 . 3 6 ( 1 ×c ) , ( 2 ) ( a ) . ( 3 ) ( d ) ( 4 ) ( b ) . p H ( 7 a t  t h e

器滥揭次(烈.q:芳罗;:哏满;紫T卩
”

(b)1.8× 10ˉ
1:.16.52180×

10ˉ
lO。
16.5422×  10ˉ

4a∠
∶

16‘623×109̄,16.58[Na+l=0045〃,[NOJ]=0.076贩

l s ` + ] = ⒍o 1 6 蚝 r F ] = 1 , 1 ×1 0 ˉ
4 M 1 6 . 6 0 p H  g r e a t e r  t h a n

268and less than8.11 16.64(a)0.013J亻 (b)2.2× 10ˉ
4ar

( c ) ⒊3 × 1 0 3 J r 1 6 . 6 6 ( a , ⒈0 × 1 0 5 a r . ( b ) 1 1 ×1 0 I O 〃,

16.68(b),(c),(d),and(e).16.70(a)0.016M (b)1.6× 10ˉ63r

16.72Yes16.76[C矿勹
=1.1× 10→

:〃
,[CdlCN)纩]=42×

iOJ M,lcN]=0焖M,“ 。78⒊5× 10ˉ
sM,1⒍

80la)Cu2++

4NH3手 =全 CulNH3):+.Cb)Ag++2CN 亍̄=兮 AgrCNl9.

(c)Hg2+十4CΓ 亍
〓全 HgC碍

ˉ
1⒍840011M16.86Use CΓ ons

。r nalnc test,16.88Fron1251to441.16.901,28旺~16.92[H+]=

3,0×10ˉ
:悦
[oH ]̄=0.0335⒕[HCoo ]̄=0.0500坭

[HCoOH]=88X10ˉ
11帆
[Na+]=0.0835M16.949.97g.

pH=13.04.16.966.0×10316.980.036凹L.16·100(a)1.3⒎

o)5.97,0)10,24.16.1020o鲈nal prcop⒒ate was Hg△In the

preβence of cxcc$KJ,itredssdV邙as Hg瑶
ˉ
“ 。1M7.眨 -103s

16.106(al3.ω(bl969(c)607.16.108(al MCo3+2HC⒈
一 →

)合;∶已;』∶肾:}鬼弘iif;扌扌:∶fI;Ⅰ5「i」∶:氵:)t凹10“扬
16.114(a)sufa℃ (b)sulnde.(c)I。dide.16.116They are

16.118The ionized polyphenols have a d盯k color.The H+ions

from lemonj“ce sⅡft the eqLlⅡ山 “um to the Ⅱghtcolor ac记.

16.120Yes16.122(c).16·124(a)17×10ˉ
7M。
(b)MgCo3iβ

血 ore soluble than CaCo3lc)1240,@)1.9×10:M.le)C'+

because⒒始 presentin larger amount16.126pH=1.0,fully

protonaⅡo;pH=7.0,dpolar o△ pH=120,fulIy onizco

∶16.128(a)8.4mL (b)125mL.(c)270mL,16.130(a,474

beforc and aftcr dnuJon,(b)252before and3,02after dⅡuuon

∶⒍ 1324.7516.1szI(al Moving upwⅡd ioln leftto五ght:H钞⒋月HA;

HA;IIA〃 f;';亻
ˉ
/oHΓ,⑼ p丸 1≈ 4.8.pKm≈ 90

∶CIIAPTER17

.17.63.3 X 10-aatm. 17.8N2: 3.96 x 1018 kg C,2:1.22 x 1018kg;
:2.63 x 1015 ks. 17.12 3.57 x 10-1e J. n.22 5.2 x 106 ks.

.6 x 1014 kJ. 17.24The wavelength is not short enough.
17.26434nm.Both.

Answers to Even-Numbered Probien-rs AP-7

17.42 Ethane and propane are greenhouse gases. 17.50 4.3.1.
17.58 1.2 x 10-" M/s. 17.60 (b). 17.66 0.2qo.fi.68 Endothem.ric.
17.70 o.2. 17.72 5;72. 17.74 394 nm. l7.76It has a high activation
energy. 17.78 Size of tree rings are related to CO2 content.
Age of CO2 in ice can be determined by radiocarbon dating.
17.80 165 kJ/mol. 17.E2 5.1 x 1020 photons. 17.84 (a) 62.6 kJ/moi.
(b) 38 min. 17.86 5.6 x 1023.

19

F
|

17.28F—C

|
F

Η
ˉ

_
C
ˉ¤

F H

-Cl F-C-C-H 17.40 1.3 x l0ro kg.

擀黥翳黩麒括遴拶甘
——今 C圮 +2Cloz+2H,o.19.122.46V.A1+3Ag+-3Ag+

Al3+,19.14C1【g)and MnO亓(￠g).19·】60n1y(o and(d)arC

spontaneous。 19.18(a)Li.(-)H2,(c)Fe2+,(d)Br^.19.220.368V:

︱

F

18.6 (a) 0.25. (b) 8 X 10-". (c) - 0. For a macroscopic system,
the probability is practically Zero that all the molecules will be
found only in one bulb. 1E.10 (c) < (d) < (e) < (a) < (b). Solids
have smaller entropies than gases. More compiex shuctures have
higher entropies. 18.12 (a) 47 .5 J/K ' mol. (b) - 12.5 J/K ' mol.
(c) -242.8 J/K .mol. 18.14 (a) AS < 0. (b) AS > 0. (c) AS > 0.
(d) AS < 0. 18.18 (a) -1139 kJ/mol. (b) - 140.0 kJ/mol.
(c) -2935.0 kJ/mol. 18.20 (a) At all temperatures. (b) Below 11 1 K.
18.24 8.0 x 10r kJ/mol. 18.26 4.572 x 102 kJ/mol. 7.2 x 10-8r.
18.28 (a) -24.6kJlmol. (b) -1.33 kJ/mol. 18.30 -341 kJ/mol.
18.32 -2.87 kJ/mol. The process has a high activation energy.
18.36 1 X 103. glucose + ATP ----+ glucose 6-phosphate + ADP.
18.38 (a) 0. (b) 4.0 X 10" J/mol. (c) -3.2 x 1ff J/mol.
(d) 6.4 x 104 /mol. 18.40 (a) No reaction is possible because
AG > 0. (b) The reaction has a very large activation energy.
(c) Reactants and products already at their equilibrium
concentrations. 18.42 In all cases AH > 0 and AS > 0.
AG < 0 for (a), : 0 for (b), and > 0 for (c). 18.'t4 AS > 0.
18.46 (a) Most liquids have similar structure so the changes in
entropy from liquid to vapor are similar. (b) ASuno are larger for
ethanol and water because of hydrogen bonding (there are fewer
microstates in these liquids). 18.,18 (a) 2CO + 2NO -----) 2CO2 + N2.
(b) Oxidizing agent: NO; reducing agent: CO. (c) 3 x 10120.
(d) 1.2 x 1018. From left to right. (e) No. 1E.50 2.6 x l}-e.
1E.52976 K. 1E.54 AS < 0; AA < 0. 1E.56 55 J/K'mol.
18.58 Increase in entropy of the surroundings offsets the decrease
in entropy of the system. 18.60 56 JlK.18.62 4.5 x ld. 18.64 4.8 x
10 75 atm. 18.66 (a) True. (b) True. (c) False. 18.6E C +
CuO <+ CO + Cu. 6.1. 18.70 673.2K.18.72(a)7.6 x 1014.
(b) 4.1 x 10-12. 18.74 (a) A reverse disproportionation reaction.
(b) 8.2 x 1015. Yes, a large K makes this an efficient process.
(c) Less effective. 18.76 1.8 x 10?0. Reaction has a large
activation energy. 18,78 Heating the ore alone is not a feasible
process. -214.3 kJ/mol. 1E.E0 1(p : 36. 981 K. No. 18.E2 Mole
percents: bukne : 307o; isobutane -- TOVo.Yes.18.E4X.o : 9.45'
Xg6, : 0.55. Use AGi values at 25oC for 900'C. 18.86 617 J/K.
18,E8 3 X 10-" s. 18.90 AS.r* : -327 J/K' mol, AS.,. : 1918
J/K' mol, Afinru : 1591 JiK'mol. 18.92 q,w.18.94 AIl  < 0,
AS < 0, AG < 0. 18.96 (a) 5J6IlK ' mol. @) The orientation is
not totally ftuldom. 18.98 AIi" : 33.89 kJ/mol; AS' : 96.4 I/K ' mol;
AG' : 5.Zkllmol. This is an endothermic liquid to vapor process
so both AIlo and ASo are positive. AG'is positive because the
temperature is below the boiling point of benzene (80. l'C).
18.100 AG" : 62.5 kJ/mol; AI1' : 157.8 kJ/mol;
AS' :  109 J/K.moI.18.102 (1) (c). (2) (a). (3) (b).


