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15-1 Dynamic Equilibrium

Equilibrium —opposing
processes taking place at
equal rates.

H,0(l) — H,0(g)

H,O
NaCl(s) = NaCl(aq)

(a) (b)
1,(H,O) == 1,(CCl,) CO(g) + 2 H,(g) = CH;0H(g)

A FIGURE 15-1
Dynamic equilibrium in a physical process
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15-2 The Equilibrium Constant
Expression

The oxidation-reduction reaction of copper(ll)
and tin(l1) in aqueous solution Is reversible.

2 Cu*(aq) + Sn?*(aq) — 2 Cu*(aq) + Sn**(aq)

2 Cu*(aq) + Sn**(aq) L Cu2*(aqg) + Sn2*(aq)

Ky
2 Cu*(ag) + Sn**(aq) == 2 Cu*(aq) + Sn**(ag)

Ky
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TABLE 15.1 Three Approaches to Equilibrium in the Reaction?
2 Cu®*(aq) + Sn?*(agq) = 2Cu™*(aq) + Sn**(aq)
Cu®(ag) Sn®*f(ag) Cu'(ag) Sn*'(aq)

Experiment 1
Initial amounts, mol 0.100 0.100 0.000 0.000
Equilibrium amounts, mol 0.0360 0.0680 0.0640 0.0320
Equilibrium concentrations, mol/L  0.0360 0.0680 0.0640 0.0320
Experiment 2
Initial amounts, mol 0.000 0.000 0.100 0.100
Equilibrium amounts, mol 0.0567 0.0283 0.0433 0.0717
Equilibrium concentrations, mol/L  0.0567 0.0283 0.0433 0.0717
Experiment 3
Initial amounts, mol 0.100 0.100 0.100 0.100
Equilibrium amounts, mol 0.0922 0.0961 0.1078 0.1039
Equilibrium concentrations, mol/L.  0.0922 0.0961 0.1078 0.1039

The concentrations printed in blue are used in the calculations in Table 15.2.

4 Reaction carried out in 1.00 L of solution at 298 K.
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A FIGURE 15-3
Three approaches to equilibrium in the reaction
2 Cu*(aq) + Sn**(aq)
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The Equilibrium Constant and Activities

TABLE 15.2

. [Cu*][Sn**] . (2 X [Cu™]) [Sn**] . [Cu*1?[Sn*]
= Trial 1: (Cu?*] [Sr2*] Trial 2: 2 X [Cu2*]) [Sn2*] Trial 3: Cu? P [Sn2*]
Xp u n u n u n

0.0640 X 0.0320 2 X 0.0640) X< 0.0320 .0640% X 0.

1 = 0.837 ( = 0.837 L 06402 Uit = L4k
0.0360 X 0.0680 (2 X 0.0360) X 0.0680 0.0360% X 0.0680

2 0.0433 X 0.0717 193 (2 X 0.0433) X 0.0717 L6 0.0433% x 0.0717 _ 148
0.0567 X 0.0283 (2 X 0.0567) X 0.0283 0.05672 x 0.0283

3 01078 ¥ 01039 _ (2 X 0.1078) X 0.1039 Lo 0.1078* < 0.1039 _ o
0.0922 X 0.0961 (2 X 0.0922) X 0.0961 0.09222 % 0.0961

Equilibrium concentration data are from Table 15.1. In Trial 1, the equilibrium concentration of Cu* and Sn** are placed in the
numerator and the equilibrium concentration of Cu®" and Sn**, in the denominator. In Trial 2, each concentration is multiplied
by its stoichiometric coefficient. In Trial 3, each concentration is raised to a power equal to its stoichiometric coefficient. Trial 3
has essentially the same value for each experiment. This value is the equilibrium constant K.

*G. N. Lewis and M. Randall, Thermodynamics, McGraw Hill, New York, 1923.
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Activity
Thermodynamic concept introduced by Lewis.

Dimensionless ratio referred to a chosen reference
state.

vslBl

ag = o0 =v5[B] Cg° isastandard reference state

= 1 mol L (ideal conditions)

e Accounts for non-ideal behaviour in solutions and gases.
e An effective concentration.
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Activity
A similar expression applies to gases

ag = =vgPg  Pg’ isastandard reference state

= 1 bar (ideal conditions)
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Reconsider the equilibrium between Cu?* and Sn#*

ac +ﬂ5n4+
K=" = 148 (15.5)
ACy*tagp?t
- 4+
~ Yeut[Cu” _ Ysntt[SNT]
HCU—I- o CQ ¥ HSH4+ o CD
2+ 5 2+
 yew[Cu??] Y [Sn?*]
chz-l_ — E@ ! a5n2+ - C@
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Reconsider the equilibrium between Cu?* and Sn#*

c° c® [Cu+]§q[5“4+}eq
K = — ———~ =148  (15.6)
("}’CUH{CU ]eq)2 Ysn2+[Sn ]eq [Cu”]ﬁq[Snzﬂeq
c® c®
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A general expression for K

aA+bB+—>gG+hH -

[G]g[H]h
[A]a[B]b....

Equilibrium constant = K_=

Thermodynamic Equilibrium constant

_ (ag)9(a)" - [G19[H]" - 1 o
Keq_ (ai)a(aB)b [ J { [A]m[B]” J {CJ Keq
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15-3 Relationships Involving the Equilibrium
Constant

Relationship of K to the Balanced Chemical Equation

Reversing an equation causes inversion of K.

Multiplying by coefficients by a common factor
raises the equilibrium constant to the
corresponding power.

Dividing the coefficients by a common factor
causes the equilibrium constant to be taken to
that root.
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EXAMPLE 15-2 Relating K to the Balanced Chemical Equation

The following K value is given at 298 K for the synthesis of NH3(g) from its elements.
Ni(g) + 3Hy(g) == 2NH;(g) K =58 x10°
What is the value of K at 298 K for the following reaction?

1 3
NH3(g) == 7Na(g) + 7HaAg) K =2

Analyze
The solution to this problem lies in recognizing that the reaction is the reverse and one-half of the given
reaction. In this example we apply two of the rules given above that relate K to balanced chemical reactions.
Solve

First, reverse the given equation. This puts NH3(g) on 2NH3(g) == Ny(g) + 3Hj(g)
the left side of the equation, where we need it.

The equilibrium constant K’ becomes K' =1/(58 x10°) =17 x 107°

Then, to base the equation on 1 mol NHj(g), divide 1 3

all coefficients by 2. NH;(g) ENE( 8) + EHZ( 8)

This requires the square root of K'. K=V17x10°%=13x107°
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Combining Equilibrium Constant Expressions

N,O(g) + %0, = 2NO(g) K.=?

N,O
N,(g) + %60, == N,0(g) K= 2.7x10*18 = N-O] y
[N,][0O,]"
[NOJ?
N,(g) + O, =2 NO(g) K. = 4.7x1031 =
i i ) [NL][O,]

_ INOP _ [NOP [N][O;]"
“ IN,OIIO,]* [N,IIO;] [N,O]

1
— KC 3 — 17)(10_13
3)
Kc:(2)
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Gases: The Equilibrium Constant, Ky

Mixtures of gases are solutions just as liquids
are.

Use K, based upon activities of gases.

(as0)?
280,(9) + 0,(g) = 2S04(g)  Ke= 3
i i ’ (3s0,)(a0,)
Pso Pso, Po
dspo, = P 03 dso, = po dsp, = P 02

Kp:[ (Pso)’ }PO
(Pso,)*(Po)
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Gases: The Equilibrium Constant, K.

In concentration we can do another
substitution

2 S0,(9) + O,(9) = 2 SO4(9)
Po,

n P P
[SO,]= 298 = _398 SO.J= 5% 0.1z 2
1= - [SO,] T [O,] —

@)= 20 = BT Py = [XIRT
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Gases: The Equilibrium Constant, K.

2 30,(9) + O,(9) = 2 S0O4(9)

K, = (aso, i _ Po[ (PSQ)Z } Py = [X]RT
(3s0,)%(@0,) (Pso,)*(Pg)

[ ([SO4] RT)? }PO
([SO,] RT)*([O,] RT)

= P [ ([SOB])Z } = ﬁ Where P °=1 bar
RT | ([SO,D)*([O.]) RT
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An Alternative Derivation

2 30,(9) + O,(9) =2 SO4(9)

P 2 Where P°=1 bar
SO3

2
K=ol = WRTJ o Psos gy
2 2
[SO,]4[0,] P302 P02 PSOZ P02
RT | RT
K. = Ko(RT) Ko = K (RT)?!
In general terms: Ky = K (RT)A"
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EXAMPLE 15-3 lllustrating the Dependence of K on the Reference State

Complete the calculation of K, for reaction (15.11) knowing that K, = 2.8 X 10% (at 1000 K).

Analyze
We use equation (15.16), with R = 0.08314 bar L K~ mol . For reasons outlined on page 666, units are omitted
from our calculations.

Solve

Write the equation relating the two equilibrium constants K. = RT X K,

with different reference states.

Rearrange the expression to obtain the quantity desired, K, . K.
P RT

Substitute the given data and solve. K = 2.8 X 10? _ 134
P 0.08314 X 1000
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Equilibrium constant expressions do not
contain concentration terms for solid or
liquid phases of a single component (that is,
pure solids or liquids).

C(s) + H,0(g) = CO(g) + H,(9)

[CO][HZ] — I:)COI:)Hz (RT)l
2

K. = A
[HZO] I:)HzO
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EXAMPLE 15-4 Writing Equilibrium Constant Expressions for Reactions Involving
Pure Solids or Liquids

At equilibrium in the following reaction at 60 °C, the partial pressures of the gases are found to be
Py = 3.70 X 1072 bar and Py,s = 1.01 bar. What is the value of K for the reaction?

H,S(g) + In(s) == 2HI(g) + S(s) K =2
Analyze

We need to first write the equilibrium constant expression in terms of activities, and then eliminate the activi-
ties of pure solids and pure liquids by setting their activities to 1.

Solve

Write the equilibrium constant expression in terms of activ- (apr)?
ities. Note that activities for the iodine and sulfur are not -

; . . e (am,s)
included, since the activity of a pure solid is 1.

The partial pressures are given in bar. The activity of each aygr = 3.70 X 1073 and ap,s = 1.01
gas is equal to the numerical value of its partial pressure.

Substitute the given equilibrium data into the equilibrium (3.70 X lf}'_‘ri)2 _ =
constant expression. K = 101 = 1.36 X 10
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Burnt Lime

CaCOy,(s) = Ca0(s) + CO,(q)

K.=[CO,] Kp=Pco,(RT)

(b)
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15-4 The Significance of the Magnitude of the
Equilibrium Constant.

TABLE 15.3 Equilibrium Constants of Some Common Reactions

Reaction Equilibrium constant, K,
2 Hy(g) + Oy(g) = 2 H,0(l) 1.4 x 10% at 298 K
CaCO3(s) == CaO(s) + CO(g) 1.9 X 1072 at 298 K

1.0 at about 1200 K
2505(g) + Oy(g) =—— 2S0s3(g) 3.4 at 1000 K
C(s) + HyO(g) == CO(g) + Hy(g) 1.6 X 1072 at 298 K

10.0 at about 1100 K
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15-5 The Reaction Quotient, Q: Predicting the
Direction of Net Change.

Ky
CO(g) + 2 Hy(g) = CH,;0OH(g)

K1

Equilibrium can be apprbached various ways.

Qualitative determination of change of initial
conditions as equilibrium is approached is
needed.

__[GIeHI
[A]"[B]

Q. At equilibrium Q. = K,
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Reaction Quotient

(a) (b)
Initial condition: Pure “Left” of
reactants equilibrium

<K

C
Reaction proceeds ——> —>

to the right

Reaction quotient, Q.= 0
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(c)

Equilibrium

|
>

General Chemistry: Chapter 15

(d) (e)
“Right” of Pure
equilibrium products

|
8

to the left
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EXAMPLE 15-5 Predicting the Direction of a Net Chemical Change in Establishing
Equilibrium

To increase the yield of Hj(g) in the water—gas reaction—the reaction of C(g) and H,O(g) to form CO(g) and
H,(g)—a follow-up reaction called the “water—gas shift reaction” is generally used. In this reaction, some of

the CO(g) of the water gas is replaced by Hy(g).
CO(g) + H20(g) = COA(g) + HxAg)

K. = 1.00 at about 1100 K. The following amounts of substances are brought together and allowed to react at
this temperature: 1.00 mol CO, 1.00 mol H5,0, 2.00 mol CO,, and 2.00 mol H,. Compared with their initial
amounts, which of the substances will be present in a greater amount and which in a lesser amount when equi-
librium is established?

Analyze

Our task is to determine the direction of net change by evaluating Q. and comparing it to K.
Solve

Write down the expression for Q.. [CO,)[H,]

¢ [COJ[H0]

Substitute concentrations into the expression for (2.00/V)(2.00/V)

Q¢, by assuming an arbitrary volume V (which Qe = (1.00/V)(1.00,V) = 4.00

cancels out in the calculation). ' '

Compare Q. to K. 4.00 = 1.00

Because Q. = K, (that is, 4.00 > 1.00), a net change occurs to the le f. When equilibrium is established, the
amounts of CO and H,O will be greater than the initial quantities and the amounts of CO; and H» will be less.
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15-6 Altering Equilibrium Conditions:
Le Chatelier's Principle

When an equilibrium system is subjected to a
change In temperature, pressure, or
concentration of a reacting species, the
system responds by attaining a new
equilibrium that partially offsets the impact
of the change.

DD ®-gbéd

What happens if we add SO, to this equilibrium?
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Le Chatelier’'s Principle

Ky
2 SO,(9) + O,(9) k:Z SO,(9) Add:
1.00 mol SO3
4
~ ‘@\ (b)
0.68 mol SO,
0.32 mol SO,
0.16 mol O, |
(a)
[SO;)°
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I‘<C
[SO,I°[O,]
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K, = 2.8%x102 at 1000K

K‘
1.46 mol SO,
0.54 mol SO,
(0
0.27 mol O,
%
Q>K,
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Adding a gaseous reactant or product changes P .
Adding an inert gas changes the total pressure.
Relative partial pressures are unchanged.

Changing the volume of the system causes a change In
the equilibrium position.

2
[nSOg} :
K, = [SO;] _ LV _ Ny
2 2 2
[SOZ] [OZ] n802 nOz n802 n02
V V
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Effect of Change in Volume

K = [G]g[H]h — ng n"r \/(@+b)-(g+h)
[CFIDIY  pe pe
g h
_ Ng Ny \/-An
A Ng

When the volume of an equilibrium mixture of gases
IS reduced, a net change occurs In the direction
that produces fewer moles of gas. When the
volume is increased, a net change occurs in the
direction that produces more moles of gas.
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Effect of the Change of Volume

a
\_//
~
0.68 mol SO3
k
/-
0.32 mol 802
0.16mol O, | i
e '} |0.83 mol SO,
10.0 L T
0.17 mol 802
n,. = 1.16 mol gas 1.085 mol gas - I
o ° ° <0.085 mol O,
(a) (b)
Ko = 415 338
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EXAMPLE 15-7 Applying Le Chatelier’s Principle: The Effect of Changing Volume

An equilibrium mixture of No(g), Ha(g), and NHj(g) is transferred from a 1.50 L flask to a 5.00 L flask. In which
direction does a net change occur to restore equilibrium?

Na(g) + 3Ha(g) == 2 NHj(g)
Analyze

Because the volume has increased, the reaction will move in the direction that increases the number of moles
of gas.

Solve
When the gaseous mixture is transferred to the larger flask, the partial pressure of each gas and the total pres-
sure drop. Whether we think in terms of a decrease in pressure or an increase in volume, we reach the same
conclusion. Equilibrium shifts in such a way as to produce a larger number of moles of gas. Some of the NH;
originally present decomposes back to N2 and Hj. A net change occurs in the direction of the reverse reaction—
to the left—in restoring equilibrium.
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Effect of Temperature on Equilibrium

Raising the temperature of an equilibrium
mixture shifts the equilibrium condition in the
direction of the endothermic reaction.

Lowering the temperature causes a shift in the
direction of the exothermic reaction.
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EXAMPLE 15-8 Applying Le Chatelier’s Principle: Effect of Temperature on Equilibrium

Consider the reaction

2509(g) + O2(g) —— 2504(g) AH® = —197.8 k]
Will the amount of SO5(g) formed from given amounts of SO5(g) and O,(g) be greater at high or low temperatures?
Analyze

We must think of the impact made by changing the temperature. In general, an increase in temperature causes
a shift in the direction of the endothermic reaction.

Solve

The sign of AH® tells us that the forward reaction is exothermic. Thus, the reverse reaction is endothermic. In

this case, increasing the temperature will favor the reverse reaction and lowering the temperature will favor
the forward reaction. The conversion of SO, to SO; is favored at low temperatures.
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A catalyst changes the mechanism of a
reaction to one with a lower activation
energy.

A catalyst has no effect on the condition of
equilibrium,
But does affect the at which equilibrium
IS attained.
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EXAMPLE 15-9

Determining a Value of K. from the Equilibrium Quantities of Substances

Dinitrogen tetroxide, N2O (1), is an important component of rocket fuels—for example, as an oxidizer of liquid
hydrazine in the Titan rocket. At 25 °C, N,Oy is a colorless gas that partially dissociates into NO;, a red-brown
gas. The color of an equilibrium mixture of these two gases depends on their relative proportions, which in

turn depends on the temperature (Fig. 15-8).

Equilibrium is established in the reaction N2O4(g) == 2 NO»(g) at 25 °C. The quantities of the two gases
present ina 3.00 L vessel are 7.64 g N,O,4 and 1.56 g NO,. What is the value of K for this reaction?

Analyze

We are given the equilibrium amounts (in terms of mass) of the reactants and products, along with the volume
of the reaction vessel. We use these values to determine the equilibrium concentrations and plug them into the

equilibrium constant expression.

Solve

Convert the mass of N,O4 to moles.
Convert moles of N>O,4 to mol/L.
Convert the mass of NO, to moles.

Convert moles of NO; to mol/L.

Write the equilibrium constant expression,
substitute the equilibrium concentrations,
and solve for K.
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1 mol N,O
mol NyO, = 7.64 g N,O, X 22 =8.303 X 102 mol
8.303 X 10% mol
[N,O4] = 0 = 0.0277 M
3.00L
INO, = 1.56 ¢ NO, x . MOINO2 5 0 107 mol
mo g = 1. g 2 46_[}151\]02_ 2 mao
3.391 X 1072
[NO,] = = 0.0113 M
3.00 L
NO,]2  (0.0113)2
Kc=[ ! ) =461 X 1072

[N,O4]  (0.0277)
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(a) (b)

A FIGURE 15-8

The equilibrium N,O4(g) =— 2 NO,(g)

(a) At dry ice temperatures, N,O4 exists as a solid.
The gas in equilibrium with the solid is mostly
colorless N,O4, with only a trace of brown NO,.
(b) When warmed to room temperature and above,
the N,O4 melts and vaporizes. The proportion of
NOy(g) at equilibrium increases over that atlow
temperatures, and the equilibrium mixture of
N,O4(g) and NO,(g) has a red-brown color.
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A The Lewis structures of N;O4 and NO,(g)
Nitrogen dioxide is a free radical that combines
exothermically to form dinitrogen tetroxide.
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EXAMPLE 15-10 Determining a Value of K, from Initial and Equilibrium Amounts
of Substances: Relating K. and K

The equilibrium condition for SO5(g), O,(g), and SO4(g) is important in sulfuric acid production. When a
0.0200 mol sample of SO3 is introduced into an evacuated 1.52 L vessel at 900 K, 0.0142 mol SO3 is present at
equilibrium. What is the value of K;, for the dissociation of SO5(g) at 900 K?

2504(g) == 2504(g) + Og) Ky =72

Analyze

Let’s first determine K. and then convert to K, by using equation (15.16). In the ICE table below, the key term
leading to the other data is the change in amount of SOj3: In progressing from 0.0200 mol SO3 to 0.0142 mol
SO3, 0.0058 mol SO; is dissociated. The negative sign (—0.0058 mol) indicates that this amount of SO, is
consumed in establishing equilibrium. In the row labeled “changes,” the changes in amounts of SO, and O,
must be related to the change in amount of SO5. For this, we use the stoichiometric coefficients from the
balanced equation: 2, 2, and 1. That is, two moles of SO, and one mole of O, are produced for every two moles
of SO, that dissociate.

Solve

The reaction: 2S04(g) —_— 250s(g) + 0O,(g)

initial amounts: 0.0200 mol 0.00 mol 0.00 mol

changes: —(0.0058 mol +0.0058 mol +0.0029 mol

equil amounts: 0.0142 mol 0.0058 mol 0.0029 mol
0.0142 mol 0.0058 mol 0.0029 mol

equil concns: [SO3] = W; [SO,] = W; [Oy] = 1mL

[SO3] =9.34 X 10> M; [SO,] = 3.8 X 107°M; (0] =1.9 Xx10°M

(50,170, (3.8 x 103)%(1.9 x 107
© [SO4)? (9.34 x 1073)2
K, = K{RT)*"gas = 3.1 x 107*(0.0821 x 900)(>*1)~2
= 3.1 x 107*(0.0821 x 900)! = 2.3 x 1072

=31 x10*
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EXAMPLE 15-11  Determining Equilibrium Partial and Total Pressures from a Value of K

Ammonium hydrogen sulfide, NHy;HS(s), used as a photographic developer, is unstable and dissociates at
room temperature.

NH4HS(s) == NHj(g) + H)S(g) K, = 0.108 at 25 °C
A sample of NH4HS(s) is introduced into an evacuated flask at 25 °C. What is the total gas pressure at equilibrium?
Analyze

We begin by writing the equilibrium constant expression in terms of pressure. The key step is to recognize that
the pressure of ammonia is equal to the pressure of hydrogen sulfide. This will then allow us to determine the
pressure of ammonia and hydrogen sulfide.

Solve
Kp for this reaction is just the product of the equi- Kp = (Pnmg)( Pays) = 0.108

librium partial pressures of NH3(g) and H>S(g), K P P o) = - 2 — 0,108
each stated in atmospheres. (There is no term for p = (Fnig)(Frays) = (Fuuray)(Fig) = (Frarsy
NH4HS because it is a solid.) Because these gases

are produced in equimolar amounts, Pypy, = Pyys.

Find Pyp, (Note that the unit atm appears Pnhy = V0.108 = 0.329 atm PH,s = Pnn; = 0.329 atm
because in the equilibrium expression the refer-
ence pressure P° was implicitly included.)

The total pressure is Piot = Pnpy + Prys = 0.329 atm + 0.329 atm = 0.658 atm
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EXAMPLE 15-12 Calculating Equilibrium Concentrations from Initial Conditions

A 0.0240 mol sample of N,O4(g) is allowed to come to equilibrium with NO,(g) in a 0.372 L flask at 25 °C.
Calculate the amount of N,O4 present at equilibrium (Fig. 15-10).

N,O4(g) == 2NOy(g) K.=461 X102at25°C

4 FIGURE 15-10
Equilibrium in the reaction

N204(g) == 2 NOy(g)
at 25 °C—Example 15-12 illustrated

Each “molecule” illustrated represents
0.001 mol. (a) Initially, the bulb contains
0.024 mol N7Oy, represented by 24
“molecules.” (b) At equilibrium, some
“molecules” of N,O4 have dissociated to
NO,. The 21 "molecules” of N,O4 and 6
of NO; correspond to 0.021 mol N,O4 and
0.006 mol NO;, at equilibrium.
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Solve

The reaction: N,Oq4(g) — 2 NO,(g)
initial amounts: 0.0240 mol 0.00 mol
changes: —x mol +2x mol
equil amounts: (0.0240 — x) mol 2x mol
equil concns: [N,Oy4] = (0.0240 — x) mol/0.372 L. [NO;] = 2x mol/0.372 L
( 2x )2
[NO,J? 0.372 4x? I
e = = = =461 X 10
[N2O4  /0.0240 — x\  0.372(0.0240 — x)
( 0.372 )

4x* = 412 X 107° — (1.71 X 107%)x
x2 + (428 x107Hx —1.03 X 10 =0

~428 X 107 £ /(428 x 10747 + 4 X 1.03 X 107

X = 5
—428 X107 £1/(1.83 X 107) + 412 X 107
; 2
—4.28 X 10°* £ \/4.14 X 107°
x =

2

—4728 X 10°% £ 6.43 x 107
2

= 3.00 X 10~ mol N,O,

The amount of N,O, at equilibrium is (0.0240 — x) = (0.0240 — 0.0030) = 0.0210 mol N,Oy,.
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EXAMPLE 15-13 Using the Reaction Quotient, Q, in an Equilibrium Calculation

Solid silver is added to a solution with these initial concentrations: [ Ag*] = 0.200 M, [ Fe?**] = 0.100 M, and
[Fes"'] = 0.300 M. The following reversible reaction occurs.

Agf(aq) + Fez"'(aq] Ag(s) + Fe3+[aq) K. =298

What are the ion concentrations when equilibrium is established?
Analyze

Because all reactants and products are present initially, we need to use the reaction quotient Q. to determine the
direction in which a net change occurs.

0. - (Fe*] 0300
‘ [Ag*][Fe**]  (0.200)(0.100)
Because Q. (15.0) is larger than K, (2.98), a net change must occur in the direction of the reverse reaction, to the
lef. Let’s define x as the change in molarity of Fe>*. Because the net change occurs to the le f, we designate the
changes for the species on the left side of the equation as positive and those on the right side as negative.

Solve
The reaction: Ag*(aq) + Fe?*(aq) —— Ag(s) + Fe**(aq)
initial concns: 0.200 M 0.100 M 0.300 M
changes: +x M +x M -xM
equil concns:  (0.200 + x) M (0.100 + x) M (0.300 — x) M

[Fe’*] (0.300 — x)

- [Ag*][Fe?*] - (0.200 + 2)(0.100 + x) = 2.98

C

This equation, which is solved in Appendix A-3, is a quadratic equation for which the acceptable root is
x = 0.11. To obtain the equilibrium concentrations, we substitute this value of x into the terms shown in the
table of data.

'_hg+_equu =0.200 + 011 =0.31 M

LFDE+JEL'[uil =0.100 + 011 =021 M

'_Fe'q’J’Jequ“ =0.300 — 011 =0.19M
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