Homework CH2

Exercise

2A.4(b) For all cases AL/ = 0, since the internal energy of a perfect gas depends only on temperature. From the
definition of enthalpy. H = U+ pV. so AH = AU + A(pV) =AU + A(nRT) (perfect gas). AH =0 as
well. at constant temperature for all processes in a perfect gas.

() [AU=AH=0

)
W= —nRT]ll[ £
Uy

[2A.9]

— _(2.00mol) % (8.3145T K" mol™) ><273K><]11% -
g=-w=
) [AU=AH=0
w=-p AV [2A.6]

where p_ in this case can be computed from the perfect gas law
pV =nRT

. 3145JK 'mol™ 3 3
50 p= (2.00mol) = (8.314 JK} mol )Xz%Kx(]Odmm'l)’ _592%10° Pa
20.0dm

~ —(2.22x10° Pa)x(20.0—5.0)dm’ PP
and w= 10dmm™)’ =|-3.34x10"J

q=-w=[331:10']]

(iii) |JAU=AH=0

[free expansion] g=AU-w=0-0= @

Cominent. An isothermal free expansion of a perfect gas is also adiabatic.

2B.2(b) (i) At constant pressure, g = A,
100+273K 1
g= j(*pdr - ij [20.17 + (0.4001)7 / K]dT TK
5 373K
1 T* o
=[(20.17)T +=(0.4001) x| — JK
2 K
208K
= |:(20.l7)>< (373 —298)+%(0.4001) x (373" - 2983)} =11.6x10° J| = AH
w=-pAV = -nRAT = —(1.00 mol)x(8.3145 JK™* mol™ )x(75K) =
AU =g+w=(11.6-0.623) kI =[11.0 kJ
(ii)

The energy and enthalpy of a perfect gas depend on temperature alone. Thus,

AH =|11.6kJ| and AU =]11.0 kJ], as above. At constant volume, w = @ and AU =g, so
g =|+11.0kJ]|.



2C.3(b) Weneed ALH ® for the reaction
(4)  2B(s)+3H,(g)— B,H,(2)
reaction(4) = reaction(2) + 3 x reaction(3) — reaction(1)

Thus, AfHer = ArHe {reaction(2)} + 3 x AI,HG {reaction(3)} — AI,HG {reaction(1)}

—[ 1274 +3x(-241.8)  (-2036)] kJ mol™ =|+36.6 kI mol™

2C.5(b) For anthracene the reaction is

CH,,(s)+ % 0,(g) = 14C0, (g) + 5H,0(1)

AU® =A H® —An,RT[2B4]. An, =—= mol

M|U1

s 5 ) hY
A U® =-7061 kI mol™ —{ 3 ¥ 8:3x107K K™ mol™” x298 K ]

= —7055 kJ mol™

=,

225x107 g
178.23 g mol™ |

|Q“ = ‘G‘p‘ = ‘HL\.CUG‘ :[

x(7055 kI mol™ )

=891KkJ

I _$919 _[eoowe]

TAT 135K

—

When phenol is used the reaction is C_H,OH(s) + % 0,(g) — 6CO,(g)+ 3H,0(])

A H® =-3054kJmol™ [Table 2C.1]

ACU = ACH — L\.}rERT‘ Anq =

[N

=(=3054kTmol ™)+ (3) x (8.314 x 107 kI K" mol™) x (298K)

= —3050kT mol™
" [ 135x10° g |
qgl= —
=\ 9412 g mol™

%(3050 kI mol™ ) =4.375 kJ

i

pN

] 4375k

T="l=—"—r=[+0.663 K]

C 660KIK™



2C.8(b)The hydrogenation reaction is
+ ol a=2
(DC,H,(2)+H,(g) >C,H,(g) AH (I)="

The reactions and accompanying data which are to be combined in order to yield reaction (1) and
A H®(T) are

(2)H,(2)+ %02 (2)>H,0(l) A H®(2)=-285.83kJmol™
(3) C,H,(g) +30,(g) > 2H,0(1) + 2CO,(g) A_H®(3)=-1411kImol™

(4) csz(g)+%oz(g)—> H,0(1)+2CO,(g) A _H®(4)=-1300kImol™

reaction (1) = reaction (2) — reaction (3) + reaction (4)
Hence, at 298 K:
A H® =AH®(2)-AH(3)+A_H®(4)

(@

= [(—285.83) — (=1411) + (~1300)] kT mol ™" = |-175kImol™

AU® =AH® -AnRT [2B4]: An, =-1

=—175kITmol™ —(-1)x (2.48kJmol™) = |-173kI mol™

(ii) At 427 K:
A H®(427K)=A H®(298K)+A,C; (427K -298K) [Example 2C.2]

AC, =>vCr (D[2CTe]=C; L (C,H,,2)-C, L (C,H,.2)-C, . (H,.g)
)

=(43.56-43.93-28.82)x107 kT K mol™ = -29.19x10~° kT K" mol™
A H®(427K) = (-175kImol™)—(29.19x107° kI K™ ' mol™)x (129K)

=(-171 kJmol™




2D.2(b) The internal energy is a function of temperature and volume, Uy, = Uy (T.V,,). so
(U, ) (U, )

T — m dT m
T T

m

(7, = (38U, 13V),]

For an isothermal expansion d7 = 0: hence

_ f/aD_ \ a
AU, =| == | a¥, =7, dV, =—d7,
m L E)I/ ) m T m m

im

Vi Twr @ 30.00dm’ mol™ I/ a |30.00dm® mot™
ATT — i T — — m —
AU, = .L dU,_ = L V. GL =_ 4

bl
00dm® mol™ an Vm 1.00 dm® mol™

” 7
ml m2

<
T as T ag - = AQ'O?H —=10.9667a dm™ mol
30.00dm” mol 1.00dm" mol 30.00dm’ mol

From Table 1C.3. a = 1.337 dm® atm mol™
AU_ =(0.9667moldm*)x (1.337 atm dm® mol )

1m’

10° dm’ |

= (1.2924 atmdm’ mol™)x (1.01325x10° Paatm™) x(

—131.0Pam’ mol™ ={131.0 Tmol™

RT
w= —‘[ pdV_~ where p=——-

V. —b
( RT
W= —J {.\ V B

Thus

Jaals gas. Hence,

30.00 dm’ mol™ ( 30.00 dm® mol™

g= [ \drf _ RTIV, ~b)| s,
0.00-3.20x107 =
= (8.314TK " mol™)x (298K) x 1‘” - =|+8.505kTmol™
[ 1.00-3.20x107°

and w=—q+AU_ = —(8505.111101'1) +(131Tmol™) =|-83 74 Tmol™ | =|-8.37 kImol™




2D.3(b) The expansion coefficient is

_L(ar) 7'BIx10°KT+2x1.52x10°TK™)

=y ar,Jp 14

V'[3.7x107* +2x1.52x10°(T /K)]K™
V'[0.77+3.7x10°(T/K)+1.52x10°(T / K)’]
[3.7 %107 +2x1.52x107°(310)] K™

= - —— ——————=|1.27x10° K"
0.77+3.7 x107(310) +1.52 x 107°(310)

2D.4(b) Isothermal compressibility is
1({or) AV
K. =—=|—| =

AV
T _V 2 ] x_V. S0 &p:_
\op /), Ap

V}(T

A density increase of 0.10 per cent means AV /¥ =-0.0010. So the additional pressure that must
be applied is

B 0.0010
Y 2 1%10° am™

= 4._§><102 atm

2D.5(b) The isothermal Joule-Thomson coefficient is
( 5Hm ) - -1 -1 -1 -1 -1
A 1 =—uC, , =—(1.11Katm™ ) x(37.11JK™ mol ) :‘—41.2Jam1 mol
\ P Jr :

If this coefficient is constant in an isothermal Joule-Thomson experiment, then the heat which
must be supplied to maintain constant temperature is AH in the following relationship
AH /'n _ _ _ _
A =—412Jatm" mol™ so AH =—(41.2Jatm™ mol™)nAp
ap

AH = —(41.2Jatm™ mol™) x (10.0mol) x (~75atm) = [30.9x10° J

2E.2(b) For reversible adiabatic expansion
ey e
T, =T,(3) [2E.2a]
Cro Com—R (37.11-8.3145) K™ mol™
where ¢ = —— =—= =

R 8.3145 J K~ mol™
therefore, the final temperature is

=3.463:

(s 5 s x\11.-'3.463
7, = (298.15K) x| 0010 dm —[200x

2.00dm’




2E.3(b) In an adiabatic process, the initial and final pressures are related by (eqn. 2E.3)

y C C . 20.8 JK! mol™
pdi =pV]  where y=_EE__EE__ =167
C C,_—-R (208-831)TK™" mol

F.m P

Find 7] from the perfect gas law:

nRT,  (2.5mol)x(8.31 TK™ mol")x (325 K)

V= 3 =0.0281 m®
P, 240x10° Pa
VU y 1/1.67
| - 240 kPa ) =
so I =Vi( = =(0.0281 ms}x[iq I =10.0372 m’
e | 150 kPa |

Find the final temperature from the perfect gas law:

T pV;  (150x10° Pa)x (0.0372 m*)
* mR  (2.5mol)x(8.31 TK! mol)

Adiabatic work is (eqn. 2E.1)

w=C,AT =(20.8—8.31) TK™ mol™ x2.5 molx (269 —325) K =|—1.7x10° J

~(269 K

Problem

2A4

8 d I’y
4 I;l

J. pdV = —nRTI '_;?bjtnzaj

(V,-nb) (1 1)

= —nRTlnL —an H_GLVE — IIJ

By multiplying and dividing the value of each variable by its critical value we obtain

( V) nb )




LV p_8a
V. 27Rb

V. =3nb [TablelC.4]

(T)x I 3 DLl |
=] — | % —| — _
27bJ ' 1 L%J LVN IIIJ
I r,l o :1: '
. . 3bw aw,
The van der Waals constants can be eliminated by defining w = ——, then w=—=and
a

8 (V.,-1/3) (1 1
W = —gnzlnkﬁJ—nLZ—?J

r,l

. (aU)
2B 4 (V:LEJTJV
) (aion) (ala0))
(C } = f (C}} —|—= {d} [Derivatives may be taken in any order. |
ov), o erier’, or\ov
T V
AU
o J = 0 for a perfect gas [Section 2D.2(a)]
arJ,
oC
Hence, [: V} =0
ol .
Likewise C _fé‘H\ S0 fé‘-C'p\ _(ifﬁﬁ\ ) _(i}(ﬁb’\ \
»\ar ), ) LapLaTJpJI Lar\apup
(oH)
¢ J =0 for a perfect gas.
(E’p .
H (oc,) .
ence, — =0.
%)



2C.6  (a)

a=2 a=2 : A= =4 :
A H® =A_H®(SiH,)+AH®(H,)- A, H®(SiH,)
= (274 +0—34.3) kT mol™ ={240 kJ mol™

A H® =AH®(SiH,)+ A H®(SiH,) - A H®(Si,H,)

(b)
=(274+34.3-80.3) kT mol™" = |228 kJ mol™

2D .4

a) V= TFV(p.T): hence. dV = i‘ d +(8_Vﬁ dT
| @+ 37
cp/ . T .

[ op) (ép)
Likewise p=p(V.7).so0 dp = ka_V] dV+l£ dT

v eT )
T I

o N A

(b) We use a:[l][i—V] [2D.6] and Kr:_[l][il [2D.7] and obtain
vier, V/\ép/,
1 1)(er)
dan:—dV:[—] | dp+ [ ldT——K‘po+adT.
V \V,’ \ap,f
o dp 1(ép) 1 ép)
Likewise dh}p:—p:—li—pl dV+—k—] dT
p p\dv)_ p\oT),
[ op )
We express l—p ‘ in terms of &7
v )
T
( P = (o)
NG [ cp | cp | 1
K. =——|—| =—-|V| =— 0 | —| =———=
g VL C J { {.\E‘?VJ :l l@V,J KV
T T T T

T
h-...]

I = ] [ET ] /EV\I =-1 so [G_p‘ __(EV"IaT)P _
T Jy\ev )\ ap J; | or ), (@V/dp)y
SO dlnp =— ar i ar _| ! dT—d—V

PKr V PKr PKr | V)

o

Kr



