Chemical
Equilibrium

Visualizing Concepts

15.2
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15.5

Yes. The first box is pure reactant A. As the reaction proceeds, some A changes to B. In
the fourth and fifth boxes, the relative amounts (concentrations) of A and B are
constant. Although the reaction is ongoing the rates of A — B and B — A are equal, and
the relative amounts of A and B are constant.

Analyze. Given box diagram and reaction type, determine whether K > 1 for the
equilibrium mixture depicted in the box.

Plan. Assign species in the box to reactants and products. Write an equilibrium
expression in terms of concentrations. Find the relationship between numbers of
molecules and concentration. Calculate K.

Solve. Let red = A, blue = X, red and blue pairs = AX. (The colors of A and X are
arbitrary.) There are 3A, 2B, and 8AX in the box.

M = mol/L. Since moles is a counting unit for particles, mol ratios and particle ratios
are equivalent. We can use numbers of particles in place of moles in the molarity
formula. V =1L, so in this case, [A] = number of A particles.

[AX]
K=——-; [AX]=8/V=8;[A]=3/V=3;[X]=2/V=2
(AIX] [AX]=8/V =8;[A]=3/V=3;[X]=2/
K=—2_.8_ 13
[3112] 6

Analyze. Given box diagrams, reaction type, and value of K., determine whether each
reaction mixture is at equilibrium.

Plan. Analyze the contents of each box, express them as concentrations (see
Solution 5.3). Write the equilibrium expression, calculate Q for each mixture, and
compare it to K. If Q = K, the mixture is at equilibrium. If Q < K, the reaction shifts

right (more product). If Q > K, the reaction shifts left (more reactant).
2
Solve. K = -[ﬂ-——
(A2][B,]

For this reaction, An = 0, so the volume terms cancel in the equilibrium expression. In
this case, the number of each kind of particle can be used as a representation of moles
(see Solution 5.3) and molarity.

62 e
M@

Q> K, the mixture is not at equilibrium.

(a) Mixture 1: 1A,, 1B,, 6AB; Q =
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15 Chemical Equilibrium Solutions to Black Exercises

2
Mixture 2: 3A,, 2B,, 3AB; Q = 3 =15
(3)(2)
Q = K, the mixture is at equilibrium.
52
Mixture 3: 3A,, 3B,, 2AB; Q= =(.44
. 3)®3)

Q <K,, the mixture is not at equilibrium.
(b) Mixture 1 proceeds toward reactants.

Mixture 3 proceeds toward products.

15.6 For the reaction Ax(g) + B(g) ¥ A(g) + AB(g), An =0 and K, = K. We can evaluate the
equilibrium expression in terms of concentration. Also since An = 0, the volume terms
in the expression cancel and we can use number of particles as a measure of moles and
molarity. The mixture contains 2A, 4AB and 2A,.

[AIIAB] _ 2)4) _,. 5.

© [A)Bl @B
2 B atoms should be added to the diagram.

15.8 If temperature increases, K of an endothermic reaction increases and K of an exothermic
reaction decreases. Calculate the value of K for the two temperatures and compare. For
this reaction, An = 0 and K, = K.. We can ignore volume and use number of particles as
a measure of moles and molarity. K. = [A][AB]/[A,]}{B]

(1) 300K, 3A,5AB, 1A,,1B; K. = (3)(5)/(1)(1) =15

() 500K, 1A,3AB, 3A,, 3B; K, = (1)(3)/(3)(3) = 0.33

K. decreases as T increases, so the reaction is exothermic.

Equilibrium; the Equilibrium Constant

_ €],
¢ [A]B]
than the denominator and products will predominate at equilibrium.

15.10 (a) if K is large, the numerator of the K. expression is much greater

(b) K. =Kk/k,; if K, is large, k; is larger than k, and the forward reaction has the -
greater rate constant.

1512 (a)  Yes. The algebraic form of the law of mass action depends only on the coefficients
of a chemical equation, not on the reaction mechanism.

(b)  Nag) +3Hx(g) = 2NH,(g). The Haber process is the primary industrial method
of nitrogen fixation, that is, of converting N,(g) into usable forms. The major use
of NH;(g) from the Haber process is for fertilizer.

[NH, 2
© K =il
¢ [N J[H, P
[NOJ? 1
15.14 L) K, =
@ [N (O, ] ®) LT
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15 chemical Equilibrium Solutions to Black Exercises

[C;H,%[0,] _[H,0]
K, = d K,
& [C,H, 2[H,0F @ (H,]
_[cL,P
© X -Haro;

homogeneous: (a), (c); heterogeneous: (b), (d), (e)
15.16 (@)  equilibrium Les to right, favoring products (K, >> 1)
(b)  equilibrium lies to left, favoring reactants (K, << 1)

1518 SOx(g) +Cl(g) = SO:Cly(g), Kp=34.5.An=1-2 = -1

KP = KC(RT)An; 345= KRT)1= K./RT;
K. =345RT= 34.5(0.08206)(303) =857.81=2858

P3 1
1520 (@) Kp(forward)=——"% _ _q48 4 104 :
O x PO .:

Pio xPq 1 s 1 1

K (reverse) = = T =676 x 10~ i ,,jj{i

PNO2 148 x 10 $41R0!

iy

() K, >1 when NO, is the product, and K, <1 when NO, is the reactant, so the g ! sﬁ

equllibnum favors NO, at this bemperature

PHG X f’o2

1522 K, = =0.0752 il
PCIZ PHZO ol 4|
P% x P2 Pl
@ Ky=—p—20_ 1 4508133 i
PHCI X PO 0-0752 | J
8
P2o x P |
®) K, == _(0.0752)"/2 = 02742 = 0,274
PCIZ X PH (j
(©  Kp=K(RT)™; An=25-2=05;T = 480°C + 273 = 753 K
Kp =K.(RT)"/2 K, =K, /(RT)"/2 = 0.2742/[0.08206 x 753]1/2 = 0.03488 = 0.0349
15.24 2NO(g) + Bra(g) == 2NOBr(g) Ki=20
1
Nx(g) + Og) = 2NO K=
Ag) + Og) (8) 21 % 10®

ZNO(g) * Brz(g) + Na(g) + Oxfg) == 2NOBr(g) + 2NO(g)

Na(g) + O«(g) + Bra(g) = 2NOBr(g)

K. =K; x K, =20 x =9.524 x 1071 =95 x 10-%

2.1 x 10%
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15 Chemical Equilibrium Solutions-to Black Exercises

15A26 (a) Kp = 1/ PSO2

() Na,O is a pure solid. The molar concentration, the ratio of moles of a substance
to volume occupied by the substance, is a constant for pure solids and liquids.

Calculating Equilibrium Constants

0.0406 mol
1528 [CH,OH]=2220m0l 6 0003 m
2.00L
0.170 mol CO
[COJ= =~ = 0.0850 M
2.00L
0.302 mol H
[H,]= D072 _g151M
2.00L
K, = [CH3OH]2 20209 - =104743=105
[COI[H,]?  (0.0850)(0.151)
: P,
1530 (@) K,=—oTt0 o 1.30atm

b= = =66.8
Ppey, % Pq, 0.124atm x 0.157 atm

(b)  Since K, > 1, products (the numerator of the K, expression) are favored over
reactants (the denominator of the K, expression).

15.32 (@) Calculate the concentrations of H,(g) and Br,(g) and the equilibrium
concentration of H,(g). M = mol/L.

1molH
[Hyloie = 13748 Hy x —o—2x —1__034079-0341 M
2.0159gH, 200L
1 mol Br, 1
{Br,}=70.31g Br, x X =0.21998=0220 M
159.81g Br, 2.00L
1mol H, 1

[H3 Jequ =0.566 g H, x =0.14038 =0.140 M

20159gH, = 2.00L

Ha(g) + Brag) = 2HBr(g)

initial 0.34079 M 0.21998 M 0
change © ~0.20041 M -0.20041 M +2(0.20041) M
equil. 0.14038 M 0.01957 M 0.40082 M

The change in H, is (0.34079 - 0.14038 = 0.20041 = 0.200). The changes in [Br,]
and [HBr] are set by stoichiometry, resulting in the equilibrium concentrations
shown in the table.

[HBr]* (040082  (0.401)°

() ¢ T [H,][Bry] (0.14038)(0.01957)  (0.140)(0.020)

=58.48 = 58

The equilibrium concentration of Br; has 3 decimal places and 2 sig figs, so the
value of K. has 2 sig figs.

228




15 chemical Equilibrium Solutions to Black Exercises

15.34

(@)

(b)

. “_mei

N2Os(g) = 2NOxA(g)

initial 1.500 atm 1.000 atm
change +0.244 atm ~0.488 atm
equil 1.744 atm 0.512 atm

The change in Py, is (1.000 - 0.512) = -0.488 atm, 50 the change in Py o, is
+(0.488/2) = +0.244 atm.

Plo, (0512)°

. - =0.1503 = 0.150
Pyo, (1.744)

K

Applications of Equilibrium Constants

15.36 (a) If the value of Q_ equals the value of K., the system is at equilibrium.
(b)  In the direction of less products (more reactants), to the left.
(¢) Q. =0 if the concentration of any product is zero.
15.38 Calculate the reaction quotient in each case, compare with
p2
K, = — 2 =451 x 107°
PN:x F’H2
2
(a) :——(1—01—3—=2.6 x 107°
(35) (495)
Since Q < K, the reaction will shift to the right to attain equilibrium.
(b) = __(_3_5_)2__ =
(0)(595)°
Since Q > K, reaction must shift to the left to attain equilibrium. There must be I
some N, present to attain equilibrium. In this example, the only source of N, is i
the decomposition of NH,. :
(26)° -5 o e
(©) Sy el 452 x 107; Q=K, Reactionisat equilibrium.
(42)%(202)
L 15 2 1/2 . v |
: 15.40 K, =— i Pgo. = (Kp x Péo, x Pg, ) =[(0.345)(0.163)~ (0.753)] ' * = 0.0842 atm I
Pso, x Po,
(1’ -5
1542 (@) K= 0 ]_-3‘1><10 é

267 x 102 gl 1moll

[]= =2.1040 x 107° =2.10x107°M
I 100L  1269gl : )

P (2104 x 107°)°

< T R 107 =143 x 107°M
c AX

fl,] =

229




15 Chemical Equilibrium Solutions to Black Exercises

-5 2538¢gl
1426107 molly o0y 2288h _y_ome2gl,
L mol I,

-5.2
(2.104x10 )5 31 x 107
1.428 x 107

gRT
MMV L.

Check. K =

B
v
i

(b) PV=nRT;P=

LR

. 08206 Leatm 700K
Pop, =B 57880,  008206L-atim, ~ 05632 = 0.563 atm E
5 80.06 g/mol Kemol 2.00L =

: 08206 Leatm 700K
.- 01250,  008206L-atm, ~0.1122 =0.112 atm
2 32,00 g/mol Kemol  200L

PZ
K, =30 x 10* = —2——; Pso, ~[p2,, 1) o] 2

I’Sz,o2 x Po, ."4
Pso, ~[(0.5632)% /(3.0x10%) (0.1122)]"/? -9708x1073 =9.7 x 107 atm -
50 MMPV 64.06 gSO, K « mol 9.708 x 107 atm x 2.00L
= = x x g
8502 =1 " TmolSO,  0.08206Leatm 700 K 1

=0.02165 = 0.022 g SO,
Check. K, = [(9.708 x 10-%)?/ (0.563)*(0.1122)] = 3.0 x 10*
1544 [Bry] = [Cl,] =030 mol/1.0L =030 M

. [BrCl}?
Bra(g) + Ch(g = 2BrC)( y Kes—e/re =7
® g) TSN

initial 0.30 M 0.30 M 0

change -X -X +2x

equil. (0.30 - x) (0.30 - x) +2x

(2x)* . , .

70= (We can solve this exactly by taking the square root of both sides.)

T (0.30-%)*

(7.0)"* = 5 320" | 2.646(0.30 - x) = 2x, 0.7937 = 4.646x, x = 0.1709 = 017 M
8 -X

[BrCl] = 2x = 0.3417 = 0.34 M; [Br,] = [Cl,] = 030 - x = 0.1291 = 013 M

Check. K, = (0.3417)2/(0.1291)% = 7.0

15.46 K. = [NH;][H.S] = 12 = 10-* . Because of the stoichiometry, equilibriam
concentrations of H,S and NH; will be equal; call this quantity y. Then, y? = 1.2 1074,
y =0.010954 = 0.011 M. '

15.48 (a)  Analyze/Plan. If only PH;BCl,(s) is present initially, the equation requires that the
equilibrium concentrations of PH,(g) and BCl;(g) are equal. Write the K. expres-
sion and solve for x = [PH;] = [BCL5]. Solve.

K, = [PH,][BCl,; 187 x 10-3 = x%; x = 0.043243 = 0.0432 M PH and BCl,
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15.50

15.52

15.54

15.56

15.58

(b)  Since the mole ratios are 1:1:1, mol PH,BCl,(s) required = mol PH, or BCl,
produced.

0.043243 mol PH,

L x 0.500 L =0.02162 = 0.0216 mol PH, = 0.0216 mol PH,BCl,

151.2 g PH,BCl,

0.02162 mol PH;BCl; x
1mol PH,BCl,

=3269 =327 g PH,BCl,

In fact, some PH;BCl;(s) must remain for the system to be in equilibrium, so a bit
more than 3.27 g PH,BCl, is needed.

CaCrOys) = Ca¥(aq) + CrOs(aq) K, =[Ca®"}[CrO,* 1=7.1x10""*

Atequilibrium, [Ca?*] = [CrO,?] = x
K. =71x10"*=x? x=10.0266 = 0.027 M Ca*" and CrO,?-

LeChatelier’s Principle

(a) increase (b) increase {(¢) decrease
(d) noeffect (e) no effect (f) no effect

(a)  The reaction must be endothérmic (+AH) if heating increases the fraction of
products.

(b)  There must be more moles of gas in the products if increasing the volume of the
vessel increases the fraction of products.

(a) AH°=AH; CH,OH(g) - AH; CO(g) -2AH; H,(g)
=-201.2kJ - (-110.5kJ) - 0 k]
=-90.7 kJ

(b)  The reaction is exothermic; an increase in temperature would decrease the value
of K and decrease the yield. A low temperature is needed to maximize yield.

(c)  Increasing total pressure would increase the partial pressure of each gas, shifting
the equilibrium toward products. The extent of conversion to CH,OH increases
as the total pressure increases.

Additional Exercises

CH,(g) + H,0(g) —» CO(g) + 3H,(g)

P~ x P2 RT
Ky=—2— T ;p_ .82 .7 1000k
Pas, * Pro MM V
862 g 0.08206 Leatm 1000K _
Peo - 50507 = 5.05 atm

T2801g/mol | moleK - 5.00L

260¢g 0.08206 Leatm 1000 K

- . . =21.1663=212 at
H: =016 g/mol moleK  5.00L am
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15 chemical Equilibrium Solutions to Black Exercises

15.60

15.61

15.63

430¢g 0.08206 Leatm 1000K

CcH, = X . =43.9973 = 44.0 atm
“ 16.04 g/mol mol«K 5.00L

484 g 0.08206 Leatm 1000K

= x . =44.0811 = 44.1atm
18.02 g/mol moleK 5.00L

H,0

_ (5.0507) (21.1663)°

= =24.6949 =24.7
P (43.9973) (44.0811)

K, =K (RT)*, K, = K /(RT)*"; An=4-2=2
K, = (24.6949)/[(0.08206)(1000)]? = 3.6673 x 10-3 = 3.67 x 10-3

(a) Ha(g)+S(s) = HS(g) K =[H,S)/[H,]

(b) Calculate the molarities of H,S and H,.

0.46
[H,S] = 8 L 0o01309-0013M
34.1g/mol  1.0L

0.40 1
[H,]= E_,

= x =0.1980 =020 M
2.02g/mol 10L

K. =0.01349/0.1980 = 0.06812 = 0.068

{c)  Since Sis a pure solid, its concentration doesn’t change during the reaction, so [S] °
does not appear in the equilibrium expression.

Py, x P RT
(@) K,=—2_ M0 p B .7_100:C+273=373
PNOBr v
419g 0.08206 Leatm 373

Br, =(0.16051 = 0.161 atm

T1598g/mol | Kemol  50L
308g  0.08206Leatm 373
x

N x =0.62828 = 0,628 atm
30.01 g/mol Kemol 5.0L
322gNOBr  0.08206 Leat
o, =B NRL atm 373 017936 = 0.179 atm
109.9 g/mol Kemol 5.0L
0.16051) (0.62828)*
- QIEBD OB o05-197 K, =K.(RD)™, An=3-2-1
(0.17936) P

K. =K,/RT = 1.9695/(0.08206)(373) = 0.064345 = 0.0643
(b) P, =Py, +Pyo +Pyop =0.16051+0.62828+0.17936 = 0.96815 = 0.968 atm

2
Pin,

a K, =

~ 434 x 107%; T =300°C +273 = 573K

b gRT 1.05g 0.08206 Leatm 573K
= = x X
MMM < Vo 17.03 g/mol K+ mol 1.00L

=2.899 = 2.90 atm
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15 Chemical Equilibrium Solutions$ to Black Exercises

Ny(g) + B3Ha(g) = 2NHs(g)

initial Oatm  Oatm ?
change x 3x -2x
equil. xatm  3xatm 2.899 atm
(Remember, only the change line reflects the stoichiometry of the reaction.)
’ =(%‘§(%;=4.34x10'3; 27 x* =£§§7;X4 =71.725

x=2.910=291atm =Py_; Py =3x =8730 = 8.73atm

_MM x PV _28.02g N, K+ mol 2.910atm x 1.00L

-173gN
BN =Rt molN, = 0.08206Leatm 573K &2
2.01 . 8.730 atm x 1.00L
g, =216gH, - Kemol am X =0374gH,
" "molH, = 0.08206Leatm 573K
(b)  The initial Pyy;, =2.899atm +2(2.910atm) = 8.719 = 8.72 atm
17.03g NH . 8.719atm x 1.00L
gy, = b3, Kemol  8719atm x =316 g NH,
" molNH, = 0.08206 Leatm 573K

() Pe=Py,+ Py, +Pyy, =2.910 atm +8.730 atm + 2.899 atm = 14.54 atm

15.64
2IBr = L + Bn
initial 0.025 atm 0 0
change -2x X X
equil. (0.025 - 2x) atm X X
3 PI b PBr X 2 .
K, =85x10"" =% L= Taking the square root of both sides

P3,  (0.025-2x)%°

X

m =(8.5 x 10"3)1/2 =0.0922; x = 0_0922(0.025_2)()
. —~&X

x + 0.184x = 0.002305; 1.184x = 0.002305; x = 0.001947 =1.9 x 10~
P15, at equilibrium = 0.025 - 2(1.947 x 10-%) = 0.02111 = 0.021 atm
1566 K, =Py, x Pyq; P, =0614am

If the equilibrium amounts of NH; and H,S are due solely to the decomposition of
NH4HS(s), the equilibrium pressures of the two gases are equal, and each is 1/2 of the
total pressure.

Py, =Py g =0.614atm/2 =0.307 atm

K, = (0.307)2 = 0.0943

233

Sy
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831 0.08206 Leatm  1100K
gRT _ 0831g am . ~0.9368 = 0.937 atm

“MMV  80.07 g/mol K+ mol 1.00L

15.67 Initial Psq,

250; = 250, + Oz

initial 0.9368 atm 0 0
change -2x +2x +X
equil. 0.9368-2x 2x X
{equil] 0.2104 atm 0.7264atm  0.3632 atm

P, = (0.9368-2x) + 2x + x; 0.9368 + x = 1.300 atm; x = 1.300 - 0.9368 = 0.3632 = 0.363 atm

P, x Po,  (0.7264) (0.3632)

= =4.3292 =433
P P, (0.2104)*

K

K, =K, =K (RT)*"; An=3-2=1;K, =K.(RT)
K, =K, /RT = 4.3292/{(0.08206)(1100)] = 0.04796 = 0.0480

g C02 » 1
4401g/mol  100L

1569 K, =[CO,]=0.0108;[CO,]=

In each case, calculate [CO,] and determine the position of the equilibrium.

425¢g 1
= X
44.01g/mol ~ 10.0L

(@) [CO,] =9.657 x 107> =9.66 x 107 M
Q = 9.66 x 10-3 > K,. The reaction proceeds to the right to achieve equilibrium
and the amount of CaCO,(s) decreases.
5.66 g CO, 1

X
4401g/mol  100L

=0.0129 M

(b) [CO, 1=

Q = 0.0129 > K. The reaction proceeds to the left to achieve equilibrium and the
amount of CaCO,(s) increases.

(c) 6.48 g CO, means [CO,] > 0.0129 M; Q > 0.0129 > K_, the amount of CaCOj;
increases.

_ Pricoy,

1570 (@ K, =

(b) Increasing the temperature to 200°C favors the reverse process (decomposition of

Ni(CO),(g) and thus the value of K, is smaller at the higher temperature. This is
the behavior expected from an exothermic reaction (heat is a product).

(¢) At the temperature of the exhaust pipe, the Ni(CO), product is a gas and is
carried into the atmosphere with other exhaust gases. Thus, equilibrium is never
established (we do not have a closed system) and the reaction proceeds to the
right as Ni(CO), product is removed.
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15.72 (@)

CCl(g) = C(s) + 2CIx(g)
initial 2.00 atm 0 atm
change -x atm +2x atm
equil. (2.00-x) atm 2x atm

Pé 2
K,=076=—"2 - (207
P Pea,  (2.00-x)

1.52-0.76x = 4x?; 4x?2 +0.76x-152=0

Using the quadratic formula, a =4, b=0.76, c = -1.52

_Z0762(076)° ~4(4) (-152)  _0.76.+4,99
N 2(4) 8
X atm 0

Fraction CCl, reacted = ——— = 033 0.264 =26%
2.00atm 2.00

=0.5287 =0.53 atm

(b)  Pq, =2x=2(05287)=1.06atm

Pegy, =2.00-x =2.00-0.5287 =1.47 atm
4

1573 (@ Q- Pra, (020 - 0.80
Prcy, xPer,  (0.50) (0.50)

0.80 (Q) > 0.0870 (K), the reaction proceeds to the left.

PCl(g) +  Ch(g) = PCly)

initial 0.50 atm 0.50 atm 0.20 atm
change +x atm +x atm -x atm
equil. (0.50 + x) atm (0.50 + x) atm (0.20 - x) atm

(Since the reaction proceeds to the left, Ppci, must decrease and Ppor, and P,
must increase.)
(0.20-x)

; 870 < (0.20-x)
(0.50+x) (0.50 +x)

K, =0.0870 = = 5
(0.250+1.00 x +x*)

0.0870(0.250 + 1.00x + x2) = 0.20 - x; -0.17825 + 1.0870x + 0.0870 x%2 =0

~1.0870 + \/(1.0870)2 -4(0.0870) (-0.17825)  _70870+1.1152
x= 2(0.0870) - 0.174

=0.162

Ppey, =(0.50+0.162) atm = 0.662 Pe1, =(0.50+0.162) atm = 0.662 atm

Ppcy, =(0.20-0.162) atm = 0.038 atm
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15 Chemical Equilibrium Solutions te Black Exercises

To two decimal places, the pressures are 0.66, 0.66 and 0.04 atm, respectively.
When substituting into the K, expression, pressures to three decimal places yield
a result much closer to 0.0870.

() Increasing the volume of the container favors the process where more moles of
gas are produced, so the reverse reaction is favored and the equilibrium shifts to
the left; the mole fraction of Cl, increases.

(d) For an exothermic reaction, increasing the temperature decreases the value of K;
more reactants and fewer products are present at equilibrium and the mole
fraction of Cl, increases.

15.75 (a)  Since the volume of the vessel = 1.00 L, mol = M. The reaction will proceed to the
left to establish equilibrium.

Ag)+ 2B(g) = 2C(g)

initial oM oM 1.00 M
change +x M +2x M -2xM
equil. xM 2x M (1.00 - 2x) M

At equilibrium, [C] = (1.00 - 2x) M, [B] = 2x M.
(b)  x must be less than 0.50 M (so that [C], 1.00 -2x, is not less than zero).
[C?  (1.00-2x)% _

© = ; 0.25
T lAlBE T (0 @9?
1.00 - 4x + 4x2? = 0.25(4x)%; x* - 4x2 +4x-1=0
(d)
X Y

0.0 -1.000
0.05 —0.810
0.10 —0.639
0.15 —0.487
0.20 —-0.352
0.25 —-0.234
0.35 —-0.047

0.40 +0.024
045 +0.081

—hLFFHAAAA%ﬁ o | o
b A A

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
X

(¢)  From the plot, x =~ 0.383 M
[A] = x = 0383 M; [B] = 2x = 0.766 M

[C]=1.00-2x=0.234 M
Using the K expression as a check:

(0.234)?

K TR it S
(0.383) (0.766)*

. =0.25; =0.24; the estimated values are reasonable.
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15 Chemical Equilibrium Solutions to Black Exercises

2
_Po, xPo

1576 K =1 x 107 Py =(0.03) (1 atm) = 0.03 atm

p 2
Péo,

Peo =(0.002) (1 atm) = 0.002 atm; Peo, =(0.12) (1atm) = 0.12 atm

_ (0.03)(0.002)° _

0 83x10°%=8x 10"
(0.

Since Q > K, the system will shift to the left to attain equilibrium. Thus a catalyst that
promoted the attainment of equilibrium would result in a lower CO content in the
exhaust.

Integrative Exercises

15.79 (@) AgCl(s) = Agr(aq) + Cl-(aq)
(b) Kc=[Ag"][Cl"]
()  Using thermodynamic data from Appendix C, calculate AH for the reaction in
part (a).
AH®=AH ¢ Ag "(aq) + AH ; C1™(aq) - AH | AgCl(s)
°=105.90k] - 167.2 k] - (- 127.0 k]) = 65.7 kJ
The reaction is endothermic (heat is a reactant), so the solubility of AgCl(s) in

H,O0(1) will increase with increasing temperature.

15.81 Consider the energy profile for an exothermic reaction.

Reaction Pathway

The activation energy in the forward direction, E,;, equals E,, and the activation energy
in the reverse reaction, E,,, equals E, - AH. (The same is true for an endothermic
reaction because the sign of AH is the positive and E,, < E,). For the reaction in
question,

k - Afe_E“i A

K=t o288
kr Are~l:“/RT

Since the In form of the Arrhenius equation is easier to manipulate, we will consider
InK.
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