Howe work + 3

317 AU373.05 K and 1 aun, the molar velume of liquid water and steam are 1.88 x 1079 m3 ag
306 x 107 m?, respectively. Given that the heat of vaparization of water is 40.79 kJ mol=
caleulate the values of AH and AU for | mole in the following process:

Ho O, 37305 K, 1 aum) — HoO(g, 373,15 K, 1 atm)

A H for the above process is the heat of vaporization, that is, AH = 40.79kJ for | mole of wate

[t 15 necessary o calculate w and ¢ before determining A (/. Since the process accurs at constan
pressure, g = AH = 40,79 kI when | mol liquid HyO vaporizes, In the same process,

w=—P,AV
? 1000 LY £ 10131
= — (100 atm) {306 x 1072 m¥ — 188 = 107 m? ( ) ( )
{0 ( = o £ ) 1 md 1L atm
~ 3,098 x 10°]

Note that we could have sately ignored the volume of liquid Hy O, since it is neghgible comparec
with that of gaseous H.O above.

Using the first law,

Al =g+ w=4079 k] — 3098 k] =37.63 kJ

319 Caleulate the value of AH when the wemperature of [ mole of a monatanic gas is increased
from 25" C 1o 300° C,

&t is direetly related to change in temperature of a system:
AH = CpAT
Assuming that the gas is ideal,
Cp=0Cp +nR

A monatomic gas has only translational degrees of freedom, €, = 20 R, Therelore, Cp=3nR
and -

5
AH = : {1 mal) (3.3!4}1(" ol '} (STIK— 298 K) =572 = (0%




325 The constani-pressure molar heat capacity of nitrogen is given by the expression
Cis (z‘f.u+ 5.90 x 10777 — 0.34 x n:l-'f‘T?) JK " mol™!

Caleulate the vatue of AH for heating 1 mole of nitrogen from 25.0° C o 1257 C

Since € p 15 temperature dependent, it has 1o be integrated over T oioyield AfL

MK
AH = [ nCpdf
2O K

94K . _
=f (1 mal) l(ﬁ?.{1+5.9u % 1073 — 0.3 x m-f"rzj JK"mul-lJ dT
JUE K

Tz 5 K
- [2?_0?’ + 590 x 10— — 034 x 1D f'—} J
2 s K

3 398 UTY
= [2?.{1{3%] +5.90 % 1077 B _o3ax m"‘-‘—] I

2 3
2ugl 2ug’
: [2?.0 (29%) + 590 x 10 1= — 0.3 x t{r“T} i
— 290 % 10" )
FEE e mole of an ideal monatonic gas mitially at 300 K and & pressure al T atny expands

Wi dinal pressure of 1K atm. The expansion can cccur via any vne ol four different pathe:
Lad tsothermal and reversible, (b iscthermal and irreversible, (o) adiabute and reversible, and
1 adishativ and irreversible, Lo irreversible processes. the espansion occurs aganst an exlernal
pressure of 100 aime For each case, caleulane the values of gow, AL und A4

) When an deal gas ondergoes an sothermal process. AL —thand AH =1,

I 15603 1
i HRTIn = = —(1mol) {H._H-l JE el I) (300 Ko in LED AL — AR
P | ot

y



(b} When an ideal gas undergoes an isothermal process, AU = 0and A K =0,
W=—F, (V; - V)
V) and V; can be determined using the ideal gas law:

v — ART _ (1 mol) (0.08206 L aum K ! mol ="} (300 K)
et ——t

— =164 L
P| 150 atm
y, = "RT _ (1mol) (0.08206 L atm K~ mol~) (300 B
7 1.00 atm
Therefore,
W=—{1l.0Datm} (24,62 L — 1.64] L) (EE) =233 %107
1L atm
and

§=aU - w=—w=233x 107]

{€) ¢ = 0 for an adiabatic process,

To determine AL/ and AH. Ty needs 1o be caleulated. Using the same procedure as Problem
3.34(a),

=1y {§—|];§
LH=17 (‘i) = (300 K) ( i&llr_ﬂ) =106 K
P 15.0 atm

Now the rest of the quantities can be calculated:

AU =CpAT = 2 (1 mol) (3.3141 K~ mol ') (I0L6K -~ 300 K) = —2.47 x 107

bt | L

W=AU —g =AU =-247 % 10°]

Al = CsaT = ; {1 mol) (3.314 JK mor’) (016K —300K) = —4.12 x 107 ]

{d) g =0 for an adiabatic process.

To determine AL and AT needs to be caleulated, Using the same procedure as Problem

3340 by,
(F+d)r
P2/

2 100am 3
5 (lS.Da[m + 2) [ ) 5

I =

b

*

Kb AT e (3.3141 g mur‘) (188K — 300 K) = —1.40 % 10° ]
3

w=Al — g = AU = — 1,40 x 10%]

AH =CpAT = g {1 malj (3.3:4;:( Dol 'J (IS8 K ~ 300 K) = —2.33 x |07 ]




. 339 When 1.034 g of naphthalene (C,,Hg) are completely burned in a constant-volume bomb
' \l calorimeter at 298 K, 41.56 kJ of heat is evolved, Caleulute the values of AL and ALH for the

reaction.

Since volume is constant, w = (), and therefore,

All = ﬂ'-:—sm.z kImol™ = —5151 kJ mal ™!

et I mil
(1034 8) (i

The change in number of moles of gases needs to be determined before A can be evaluated.
From the combustion of 1 mole of naphthalene,

CEUJ:{E{‘I'.} + |202{g:| —F |{]’CU-1(£’] + 4}120(”

An=10— 12 = 2 Thus,

1 kI
AH=ALU+RMAR=-51512kmal™ = (E.HMJK“' mil "]) (298 Ky -2) (m”)

= —5156 kJ mol !

343 Determine the amount of heat (in kJ3 given off when 1.26 < 10 g of ammonia is produced
according o the equation

Mg+ 3Ha{g) — 2MNH,ig) A" =—92.6 kI mol~!

Assume the reaction takes place under standard-state conditions at 25" ¢,

The cquation gives standard enthalpy af reaction (or, since P is constant, the amouni of hear
given ofl) when 2 moles of NH; are produced. When 1.26 = 104 g ol ammonia is produced, the
amaount of heat given off iy

926k 126 x 107 g NH; |
( . j__) 26 x 107 g NH, =343 % |0 KkJ
2mol NH; / \ 17.03 g mol~" NH,

357 Alcoholic fermentation is the process in which carbohydrates are broken down into ethanol
und carbon dioxide. The reaction is very complex and invidves a number o eney me-catalyeed
steps, The overall change s

CoH 204050 — 2CHsOHI! + 2004 (0)
Caleulate the standard enthalpy change for this reactivn, assuming that the carbohydrate is o-1)-
slucose,
0 -0, . =t ik
A" =24:H" [CHOHD] + 280 [COMg)] - AH° [CsH,04(5)]
=2 (—2??.0 ki an‘J) +2 (—393.5 kJ []mJ'J) = (- 1274.5 kJ mm-l)

= =665kl mol !



4.7 The molar heal of vaporization of ethanol is 39.3 kI mol™", and the hoiling point of cthanol is
78.37 C. Calculate the value of A, § for the vaporization of 0,50 mole of ethanol.

G A (050 mol) (39.3 % 10° Tmol™!)
S e 35L5K

il

A =561K!

411 One mole of an ideal gas s ficst, heated at constant pressure feom T to 37 and second, cooled
back to T atconstant valume, (a) Derive an expression for A8 for the overall process. (b) Show
that the overall process is equivalent to an isothermal expansion of the gas at T from Voto 3V,
where Vs the original volume. (¢) Show that the value o A8 for the process in {a) is the same
as that i {b).

{a) For Step 1,
I 3 ir
AS i =Cpln = = —nfIn—
o 2 1

5
=—-RIn3
2
For step 2,

FET T ;
ASa=CpIn—= = nfln— i See Problem 4,10}
- o 2 3T

i

3
=——RIn ..1.'
2
Far the overall process,

3
AS=A5 +AS, = ;Rln_‘:— EREH J=RiIn3

{(b) Assume initially the system is at Py, Vioand T Step 1 cwries i to £, Vaoand 15, which in
turn is converled w £, Vs, oand Ty by Siep 2, The relationship between the pressures, volumes,
and temperatures are shown in the following,

Since the pressure is constant in Step 1, £ = Py, Furthermare, it 1s given that 15 = 37, ¥, and
Vooare reluted by

ili"'r| !rj'l:_- V":: 'PI I::V]\.I




TR : 2w kent constant, That is, Va = Va = 3V, The emperature decreases 1o 1y
[n Sicp 2. the volume 15 kept constant. That s, ¥y = ¥ | pre _

- %T—.. = T, The pressures are related by

PVa PV P

1 T i
I I
Fi=—P= P
i=3rT N
Therelore, the overall process 1s £ Vi Ty — %F, IV, 7). This is an isuthermal expansion from

Voo 3V where Vs the original volume,

{c} A8 for the overal] process i part (b) 1%
v _
L";S=HR|TL? =fln3i

which is the swmne as AS lor the process o part {a).

4.17 ‘The absolute molar entropies of Oy and Ny are 205 TK ™ 'mol™" and 192 JK~ mol~},
respectively, at 23° C. What is the entropy of a mixture made up of 2.4 moles of (; and 9.2
moles of N; at the same temperature and pressure?

The entropy of the mixture, 5, is related to the entropy of mixing, A0 5, and the imital entrapy
of the system, 5. Before these quantitics can be caleulated, the mole fractions of (0 and N, need
to be determined.

_ 2.4 mul

© 24 mal + 9.2 mal

iy, =1 —-0207=0793

Xo, = 0.207
The entropy of mixing is
ApixS = —R [ng, Inag, + ny, In -’CN_.]'
=— (8.3 141K Tmol ') [(Z2.4 mol) In 0207 + (92 moel) In 0.793)
=492JK™!
The initial eotropy of system 15 the sum of the entropics of O and Ny
S, = 10,80, + iy S, = (2.4 mol) (205 JK~! mol~") (9.2 mol) (192 3K mol ')
=226 % 107 1K™
Simee Ay = S — 5,

L] P T, A -1
Sp= A+ 5, =LK 226 % 00 TR =23 071K



