Exercise
6A.3(b) 2 NOy(g) — N,O4(g) A.G® =—4.73 kI mol™

AG=AG®+RTInQ [6A.10]
=(-4.73 kT mol™ )+(2.4790 kT mol™ )xInQ  ar298.15K

The above equation is used to calculate A,G values at the given Q values in the following table.

Part | O 0 | AG/kImol!
(i) | 0.10 | —2.303 —10.44
(ii) 1.0 0 -4.73
(iii) 10 2.303 +0.979
(iv) | 100 | 4.605 +6.69

The above equation also indicates that a plot of InQ against A,G should be linear so points ii and iii, which straddle
A,G = 0. can be used to perform a linear interpolation to find K from our equilibrium knowledge that InQ =
INQOequitibrium = INK when A,G = 0. Performing the linear inferpolation:

InQ,. —InQ, |
O =InQ. +| —2—= [x (A G-AG.
Q Q]l [‘ Aer 7ArGu ) ( T T M}
( 2303-0 | ( AG \
=0+ 050 x[ T —(—4.73)
0.979—(-4.73) | | KT mol" )
=0.4034x ——+4.73
kJ mol™

Thus,
InK =0.4034x(0+4.73)
=1.908
K=e""= from a two-point interpolation
The two-point interpolation is in agreement with the result given by eqn 6A.8:
K =&/ [6A.8]

(473210 Jmur‘].'{(s.sms Tmol™ K )x(208.15 Kl}

=6.74



6A.4(b) N,0,(2)=2NO,(g) T=298.15K.p=1bar= p®.a=0.201 at equilibrium
We draw up the following equilibrium table (Example 6A.2).

NoOu(g) NO,(g)
Amount at
e l-a
equilibrium (1=ajn 2an
. 1— 2
Mole fraction i e
l1+a 1+
. -« 2
Partial pressure (d-a)p ap
1+ l+o
K =l [1a l [6A.13] =[ [1(p,/p® _)vJ } (perfect gas assumption)
wT / equilibrivm T / equilibrinm
’ . 2ap \2
" 2
B (Prog 'p ] Pro, d+a)

Pro /BT ProiP” [ﬂ;ﬂ\lpﬁ
dp| @ | 4-[ (o201 ]
=

p° [(1—a)x(1+a)| | (1-0.201)x(1+0.201) |

=[0.168

6A.6(b) CH,(g)+3 Cl,(g) = CHCL(I)+3 HCl(g)
(i) Using data tables of the text Resource section at 25°C, we find
A,G® = A,G"(CHCL,.1)+3 A,G® (HCLg) - A,G®(CH,,g)
=(=73.66 KT mol ™)+ (3)x(—95.30 KT mol ™) — (-50.72 KJ mol™)
—|-308.84kJImol™
A H® =A H®(CHCL,,1)+3 A,H®(HCl, g)-A,H®(CH,,g)
= (=134.47 kJmol ™)+ (3)x(-92.31 kJmol ™) — (-74.81 kImol™)
= —336.59 kImol™" [Used in part (ii)]




A G® —(-308.84%10° Tmol™
K =29 164 14] ( )

- =1246
RT (8.3145TK ™" mol™)x(298.15K)
K =e"™5 =[1.30x10™
AH®(1 1)
(i) K, =lnK, —— ———] [6A.22]
i R \TL, T,
. ) A H*® 1 1)
InKye. =InK,5.c — { - J
= R 132315K 298.15K)
3365 * Tmol™ ) ) -
:m(l.soxlo-“‘)—[ 336 “9"1071 m"j ]x[ L1 —114.1
- C83145TK ' mol” ) |323.15K 298.15K )

Kspe =" = m

As expected, the temperature increase causes a shift to the left when the reaction is exothermic.
A.G® =—RTInK [6A.14]

A,Ggec =—(8.3145 TK™ mol™)x(323.15 K)In(3.57x10* ) =|-307 kJ mol™

6A.8(b) Draw up the following table for the reaction equation: A+ B — C+2D.

A B C D Total
Initial amounts / mol 2.00 1.00 0 3.00 6.00
Stated change / mol +0.79
Implied change / mol —0.79 —0.79 +0.79 +1.58
Equilibrium amounts / mol 1.21 0.21 0.79 4.58 6.79
Mole fractions 01782 00309 0.1163  0.6745 0.9999

(i) Mole fractions are given in the table.

(ii) K =]~
J

0.1163)x (0.6745)’
K, - (011639x(0.6745)
(0.1782)% (0.0309)
(iii) p; = x,p . Assuming the gases are perfect. a, = p, / p© . so

1,8 I."l 842 A
K = (pf"{) G)X(pD.p G) = Kx[i ]:K_r when p =1.00 bar
(pA-"P )% (PB"{P )

&
p
K=K, =
(iv) A,G® =—RTInK =—(8.3145 TK " mol™)x (298 K) xIn(9.61) = |5.61 kJ mol™

6B.1(b) At 1120K. A.G® =+22x10° Tmol™



AG® (22x10° Tmol™)

In K (1120K) = ———— [6A.14]=- 5 — =-2.363
RT (8.3145 JK™ mol™ )= (1120 K)
K =e% —941x107
O AHT(1 1)
nK, =k -2 | 2 2 ] [6B.4]
i R L2 I{ /
Solve for Tatln K, =0 (Kx = 1).
1 RhK 1 8.3145 JK™* mol™)x(-2.363 1 =
1 _RkK 1 _@3M5TR” mol")x(=2363) = 7.36x10™
T, AH I, (125%10° Jmol™) 1120 K
T, =|14x10° K
6B.4(b) N,(2)+0,(g) ==2NO(g) K=1.69x10" at2300K
. 50¢g e
Initial modes: ny = ———————=0.1785 mol
7 28.013 gmol”
. 20¢g - )
Initial moles: n, =-————"——-=16.250x10"" mol
*32.00 gmol
Ng 02 NO Total
Initial amount/mol ~ ny =0.1785  n, =0.0625 0 n=0.2410
Change/mol — — +2= 0
Equilibrium amount/mol 7, — % Mg, =% 2z n=02410
Mole fractions (”I\'g - :)f n (h‘o2 - :i)/ n 2z/n 1
- A¥
K=K, [p% l =K_ (Because Av = ZTI = 0 for this reaction. See Exercise 6B.3(a) or (b))
J i)
(22)

(”Nz _:)X(Hoz _:)
(1-4%)z° —nz+mg 1, =0
n+ \/??2 —4(1 *ﬂ')”xc Mo,
2(1-#%)

0.2410+,0.2410" —4(1- %, ., )(0.1785)(0.0625)
- 2(1

— oo )
=-2.223x10" or 2.121x10
=2.121x107° because the negative value is non-physical.

2= 2(2.121x107° S

n 0.241



Vapor pressures: py7c = 608 kPa  and  pysgec = 1115 kPa

6B.7(b) NH,CI(s) = NH,(g)+HCl(g)
The gases originate from the dissociation of the solid alone so py, =py, =4p.

(i) Equilibrium constants
K =(pym, /' P° )x(}’nm /pe) [Perfect gas assumption]
=(%p/p%)x(Yp!P°)

=%(p/p®)
K e = Y(608 kPa/100 kPa)” =[9.24

5
2

“C
K, = Y(1115KkPa/100 kPa) =31.08
=—(8.3145 TK™'mol™ ) (700.15 K) x1n(9.24) =[-12.9 kI mol™

A G* =—RTInK [6A.14]

(i)
’—\Gz?“cf
K AH®(1 1)
i ln—z—ffi[—f— 6B.4
(i) K, RAL T [6B.4]
s W =1
1 1 K,
AH® =Rx| ——— ><111[ 2
4L I K )
- =1
' 1 1 31.08
1n[3L
l o 9.24_)

~ (83145 7K™ mol™ )| -
70015K  73215K

=162 kJ mol™
AH®-AG® (129K !
_A, G7 (162 kImol™) — (~12.9 kKl mol™) 250 1K' mol

700.15 K

AS*®
T

(iv)



