604 Chapter 19
We will need the following values from Table 19.2:

A H°[CO,(g)] = —393.509 kJ-mol ™! AHH,0()] = —285.83 kJ-mol™
A H°IN,H,(D] = +50.6 kJ-mol™ A H°[CH,OH(l)] = —239.1 kJ-mol™'
AHIN, (@] =0

a. Using Hess’s law,

A H® = Z A, H°[products] — Z A H°[reactants]
= 2(—285.83kJ) + (—393.5kJ) — (—239.1 KJ)

_( —T206.1K Imol \ 29 7 KT~
= | fmol methanol ) \32.042¢ ) = 7' 8

b. Again, by Hess’s law,

A H®° = Z A H°[products] — Z A, H°[reactants]
= 2(—285.83 kJ) — (+50.6 KJ)

B —622.3kJ 1 mol 194K o
~\molNg, J\32086g) = 778

More energy per gram is produced by combusting methanol.

19-40. Using Table 19.2, calculate the heat required to vaporize 1.00 mol of CCl, (1) at 298 K.

CCl,(1) — CCl,(2)
We can subtract A, H°[CCI, ()] from A H°[CCl,(g)] to find the heat required to vaporize CCl,:

ALH = —102.9kJ + 135.44kJ =32.5kJ

=3 19-41. Using the A, H* data in Table 19.2, calculate the values of A _H° for the following:
a. C,H,(g) +H,0() — C,H,OH(l)
b. CH,(g) +4Cl,(g) — CCl,(1) + 4 HCl(g)

In each case, state whether the reaction is endothermic or exothermic.

a. Using Hess’s law,
A H® = =277,60 kJ — (—285.83 kJ + 5228 k]) = —44.14 K]

This reaction is exothermic.

b. Again, by Hess’s law,
A H° =4(-92.31kJ) — 13544 k] — (=74.81k]) = —429.87 kJ

This reaction is also exothermic.

19-42. Use the following data to calculate the value of A H® of water at 298 K and compare
your answer to the one you obtain from Table 19.2: A, H® at 373 K =40.7 kJ-mol™";
C,(1)=752J-mol"-K™"; C,(g) =33.6J-mol"-K™".
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Chapter 20

20-8. Calculate the value of AS if one mole of an ideal gas is expanded reversibly and isothermally
from 10.0 dm? to 20.0 dm”. Explain the sign of AS.

For an isothermal reaction of an ideal gas, w = —8q, so g = Pd V. Then
3q P
AS= | == [ =dV
[%=]7
Using T from the ideal gas equation gives
nR
AS = / —V—dV =nRIn2.00=5.76J.K'

The value of AS is positive because the gas is expanding.

20-9. Calculate the value of AS if one mole of an ideal gas is expanded reversibly and isothermally
from 1.00 bar to 0.100 bar. Explain the sign of AS.

As in the previous problem, because the reaction is isothermal, g = Pd V. For an ideal gas,

RT %
AV =-""odpP=——dP
P P

SO wWe write AS as

The value of AS is positive because the gas expands.

20-10. Calculate the values of g, and AS along the path D + E in Figure 20.3 for one mole of a
gas whose equation of state is given in Example 20-2. Compare your result with that obtained in
Example 20-2.

Path D + E is the path described by (P, V,,T}) — (P V5. ) = (B, V,,T)). For the first step,
8q,, =dU — 8w = C (T)dT — PdV
and for the second step (because the volume remains constant)

8q. =dU = C (T)dT

T v, T,
/&Im,mE:fT CV(T)dT—/V P,dV+/T C(T)dT

1 3

Then

v’l
= —/ PdV = —P(V,— V)
Vl

and

AS = / “hy
rev,D+E v T




626 Chapter 20

This is (by no coincidence) the same value as that found for A8y A8y s

and ASD+E

20-13. Show that

T2
AS=C,In=
Tl
for a constant-pressure processif C, is 1ndependent of temperature. Calculate the change in entrop:
of 2.00 moles of H,O(1) (C =75, 2 J-K~"-mol™") if it is heated from 10°C to 90°C.

Because AS is a state function, we can calculate it using a reversible process. For a constant-pressure
reversible process (Equation 19.37), 8q,,, = dH = C,dT, and so

n —~ (T
AS:h:/ —24T =nC,ln ( 22
T ), T T,

i

For 2.00 mol of H,O,

363
AS = (2.00 mol)(75.2 J-K~"-mol~") In e =374 J.K!

20-14. Show that

_ _ T v,
AS:CVlnFZ—I—RInV‘

1 1

if one mole of an ideal gas is taken from 7}, V, to T,, V,, assuming that C is independent -
temperature. Calculate the value of AS if one mole ot N (g) 1s expanded from 20.0dm’ at 272 =
to 300 dm”’ at 400 K. Take C =29.4J-K™"-mol™".

: Forthegath (1, V) — (7, V), 8w =—PdVanddqg =dU — §w = C,dT + PdV.Wecan -

‘ 134 write AS as
=

- P

= </—VdT+/—dV>

/—VdT+/—dV

R
nptRiny

1 1

Because EP = fv = R for an ideal gas, we can write this as

_ T. V.
AS:(CP—R)IH?Z—i—Rlnv2

1 1

For sz

= 400 3
AS = (29.4J-mol™" - K™ —8.314J.K'-mol™") In 73 +8.314J-K™"-mol™' In —

=30.6J-K" - mol™!
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Chapter 20

Because this is an isothermal reversible expansion, g = —8w = Pd V. We then use the ideal gas

equation to write
dq P nR V.
AS = == =dV=[ —dV = -2
g / P /T / v nRIn v

For an isothermal expansion of an ideal gas, P, V, = P,V,. We can then write the change of entropy
of the gas as

AS, . = (1 mol)(8.3145J-mol™".K™') In5.00 = +13.4 J.K~!

surr

For a reversible expansion, AS, = 0,50 AS = —AS =-134J.K".

20-26. Redo Problem 20-25 for an expansion into a vacuum, with an initial pressure of 10.0 bar and

a final pressure of 2.00 bar.

As in Problem 20-25, ASSyS = 13.4J.K~'. However, because this is an irreversible expansion into
avacuum, AS _=0,s0 AS_ =134J.K™".

20-27. The molar heat capacity of 1-butene can be expressed as

C,(T)/R =0.05641 4 (0.04635 K™ T — (2.392 x 10 K™)T? + (4.80 x 10~ K 7?

over the temperature range 300 K < 7' < 1500 K. Calculate the change in entropy when one mole
of 1-butene is heated from 300 K to 1000 K at constant pressure.

At constant pressure, g = dH = nfpd T. Then Equation 20.22 becomes (assuming a reversible
process)

1000 Ep
AS = n/ —dT
w0 T

1000
=(1 mol)R/ [0.05641T" + (0.04635 K™") — (2.392 x 107° K™3)T

300

+(4.80 x 1077 K™ T?]dT
192.78 J.K™'

20-28. Plot Amix§ against y, for the mixing of two ideal gases. At what value of y, is Amix§ a

maximum? Can you give a physical interpretation of this result?

We can use Equation 20.30 for two gases:
A_S=—R (y, Iny, —y,In yz)
Because y, + y, = 1, we can write this as

AWS/R==y Iny —(1—y)In(l—y,)

mix
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640 Chapter 20

20-38. Consider one mole of an ideal gas confined to a volume V. Calculate the probability that all the
N, molecules of this ideal gas will be found to occupy one half of this volume, leaving the other
half empty.

From Problem 20-35, we can write the probability as
N, 57
IE_V_ P l : ~ O
Vv 2

20-39. Show that Ssys{em given by Equation 20.40 is a maximum when all the p; are equal. Remember
that Y p; = 1, so that '

ijlnp/:pllnpl+p21np2+~-~+pn_llnpn71

J

+(1—pl—pl—_..'—prlfl)ln(l_plﬂpZ-.”‘pn—l)

See also Problem J-10.

Begin with Equation 20.40,
S ysiem = Z p;Inp,
J
Substituting the expression given for Z,,- P, Inp,, we find

Ssyslem:——kB[pllnpl+p21np2+.“+pn—llnpn-l

+(1—p1-p2_""_pn-1)]n(1—p1‘p2_"'_pn—1)]
8Ssystem 1
uwen _yyp 41— In(1 = py= = Py = Py =T P T
ap; . ,
O:lnpj—]n(l—pl—-u—pj_l—pjﬂ_..._pn_l)
pj:1—p1—.‘-——p/-1—pi+]—.--—pn_l

Because p; can be any of p, to p, ;s and the above equality holds for all p;, all the p, must be
equal. ' ‘

20-40. Use Equation 20.45 to calculate the molar entropy of krypton at 298.2 K and one bar, and
compare your result with the experimental value of 164.1J-K~'-mol™".

This problem is like Example 20-6. We use Equation 20.45,

~ 5 2emk, T\ V
S=2R+Rhn (fi”—‘*—j ¥
2 i N,

Assuming ideal behavior, at 298.2 K and one bar

N, NP

VvV~ RT
(6.022 x 10* mol™")(1 bar)

~ (0.08314 dm’-bar-mol™'-K~)(298.2 K)
— 2429 x 102 dm™ = 2.429 x 10 m™
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Chapter 21

Ul
o))

21-18. Use the following data to calculate the standard molar entropy of cyclopropane at 298.1 K.

C5[C,H,(s)]/R = —1.921 + (0.1508 KT — (9.670 x 107* K™ T?
+(2.694 x 107 K™HT?

I5K<T <1455K

C;ICH,(D]/R = 5.624 + (4.493 x 1072 K™)T — (1.340 x 107 K)T?
1455K < 7T <2403K

C5[C,H (@)]/R = —1.793 + (3.277 x 107 K™)T — (1.326 x 107 K T2
2403K < T < 1000 K

T =1455K, T, =2403 K, A, H =544 k-mol™', A H = 20.05 kJ-mol ™, and O, =

130 K. The correction for nonideality = 0.54 J- K~ -mol ™.

_ 15 12 4 T 3 1455 f CH A ﬁ
S(T):/ i R(——) dT+/ oG G(S)]dT+ s
0 1

st & . T 455K
L
125 T 2403 K 2403 T

-+ correction
—0.995J-K~'-mol™' +66.1J-K™"-mol™" 4+37.4J-K'-mol™'
4+38.5J-K"'-mol™" + 83.4J-K™'-mol™" 4 10.8 J-K™'-mol™"
+0.54 J-K~"-mol™!
=237.8J-K™" mol™

AURLLIOUS

This compares very well with the literature value of 237.5 J-K™' -mol™".

E'»

21-19. Use the data in Problem 21-18 to plot the standard molar entropy of cyclopropane from 0 K
to 1000 K.

,_}gﬁ-_, ¥

|
. KY

Do this in the same manner as Problem 21-15, using the appropriate values from Problem 21-18
and changing the limits of integration as required.

300 |-

200

imol™!

100 =

S/JK"

0 | | | | |
0 200 400 600 800 1000

T/K
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