Section 7.5: Quantitative Changes in Equilibrium Systems
Tutorial 1 Practice, page 452

1. (a) Given: [HI(g)] = 0.14 mol/L; [Ha(g)] = 0.040 mol/L; [I>(g)] = 0.010 mol/L;
K=10.020

Required: Q; direction of reaction to reach equilibrium

[H,(2)][L,(2)]
[HI(g))’
_(0.040)(0.010)
©(0.14)
0 =0.020
Statement: The value of O is 0.020. Q is equal to K, so the reaction is at equilibrium.

(b) Given: [HI(g)] = 0.20 mol/L; [H2(g)] = 0.15 mol/L; [I2(g)] = 0.090 mol/L; K = 0.020
Required: Q; direction of reaction to reach equilibrium

[H,(g)I[1,(g)]
[HI(g)I
_(0.15)(0.090)
(020
0=0.34

Statement: The value of Q is 0.34. Q is greater than K, so the product concentrations are
greater than at equilibrium; the reaction will shift toward the left, more HI.
2. Time 1:

Given: [N>O4(g)] = 0.80 mol/L; [NOx(g)] = 1.55 mol/L; K = 0.87
Required: Q; direction of reaction to reach equilibrium

Solution: N,O4(g) —— 2 NOx(g)
o NOL(@)F
[N,O,(g)]

_(1.55)°

~0.80
0=30
Statement: The value of Q is 3.0. QO is greater than K, so the product concentrations are
greater than at equilibrium; the reaction will shift toward the left, more N,Os.

Time 2:
Given: [N;O4(g)] = 1.66 mol/L; [NOx(g)] = 1.20 mol/L; K = 0.87
Required: Q; direction of reaction to reach equilibrium
[NO, ()
[N,0,(2)]
~(1.20y°
1.66
0=0.867

Solution: QO =

Solution: QO =

Solution: QO =
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Statement: The value of O is 0.867. Q is approximately equal to K, so the reaction is at
equilibrium.
3. (a) The equilibrium constant equation for the reaction represented by
2 Ag0(s) == 4 Ag(s) + Oa(g)
is K =[0,(g)], because the other substances are solids.
(b) Given: K =2.5 x 107; [02(2)Jinstantancous = 3.0 X 107
Required: Q; direction of reaction to reach equilibrium
Solution: O =[0,(g)]

0=50x10"
Statement: The value of Q is greater than K, so the reaction will shift to the left, toward
the reactant.

Tutorial 2 Practice, page 454
1. Given: Volume, V'=250mL =025L; n

initial I, (g)
K=1.2x10
Requil‘ed: [Iz(g)]equilibrium; [BrZ(g)]equilibrium

=0.50 mol; n.

initial Br, (g)

=0.50 mol;

Analysis: ¢ = n
%

Solution:
Step 1. Calculate concentrations, ¢, for in mol/L from the given amounts of all entities.
Calculate [I2(g)]initial:

Minitial
¢ = —nital
%4
_0.50 mol
T 025L
c¢=2.0 mol/L

Using the same formula,

[Brz(g)]iniﬁa1 =2.0 mol/L

Since there is no iodine monobromide gas initially, [IB1(g) Jiitial 1S 0.0 mol/L.
Step 2. Write the balanced equation for the equilibrium reaction system.

Ix(g) + Bry(g) == 2 IBr(g)
Step 3. Determine the equilibrium law equation.
[IBr(g)I’
[1,(&)1[Br,(2)]

Step 4. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

IL(g) + Bre) ! 2 IBr(g)
2.0 0.0

1 2.0
C —X —X +2x
E 20—-x 20—x 2x
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Step 5. Calculate the value of x by substituting the given value of K and the
concentrations from the ICE table into the equilibrium constant equation.

_ By
[1,()][Br,(g)]
(2x)°
(2.0— x)(2.0— x)

J12 x 10 = (@)
J(2.0-x)(2.0-x)

2x

1.2 x 10° =

(£10.95)(2.0 — x) =2x
+21.9-10.95x =2x
+21.9 = 12.95x

x = t1.69
Substituting the negative value of x into the expressions for equilibrium concentrations in
the ICE table results in a negative concentration value for IBr»(g), which is not possible
in the real world. Therefore, use x = 1.69 mol/L in the equilibrium concentration
calculations.
Step 6. Calculate the equilibrium concentrations.
(L, (&)]equitibrium and [Br, (&)]equitibriom =20 —x

=20-1.69
[IZ (g)]equilibrium and [Br2 (g)]equilibrium = 03 mOI/L
Statement: The equilibrium concentration for both iodine gas and bromine gas is 0.3

mol/L.
2. Given: Volume, '=2.00L; n.

initial H, (g)
[Ha(g)]equitibrium = 1.07 mol/L
ReqUired: [IZ(g)]equilibrium; [Hl(g)]equilibrium

=4.00 mol; n.

initial I, (g)

=1.99 mol; K=49.7;

Analysis: ¢ = n
%

Solution:
Step 1. Convert the given amounts to concentrations in mol/L by dividing by the volume.
Calculate [Ha(g)]initia: Calculate [Ha(g)]initia:
Minitial Minitial
C=—_— Cc=
Vv Vv
_4.00 mol ~1.99 mol
200 L 200 L
¢ =2.00 mol/L ¢ =0.995 mol/L
[Hz(g)]initial =2.00 mol/L [Iz(g)]initial =0.995 mol/L

Since there is no hydrogen iodide gas initially, [HI(g)]initial 1S 0.00 mol/L.
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Step 2. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

Hz + L [l 2HE
| 2.00 0.995 0.00

C —-X —-X +2x

E 2.00—x 0.995 — x 2x

Step 3. Use [Ha(g)]lequitibrium and [Ha(g)Jinitial to calculate the value of x.

200-x=1.07
200-107=x
x=0.93 mol/L

Step 4. Calculate the equilibrium concentrations.
[IZ(g)]equilibrium =0.995—-x

=0.995-0.93
[Iz(g)]equﬂibrium = 0.065 mol/L

HI(g)]equilibrium =2x
=2(0.93)
HI@)], i = 1-86 mol/L
Statement: The equilibrium concentration for hydrogen gas is 1.07 mol/L, the

equilibrium concentration for 1odine gas is 0.065 mol/L, and the equilibrium
concentration for hydrogen iodide gas is 1.86 mol/L.

3. Given: COx(g) + C(s) == 2 CO(g); Volume, V= 0.500 L; 7,5, co, e = 0.250 mol;
[Co(g)]equilibrium =0.0157 mol/L

Required: [COx(g)]equitibrium; K

Solution:

Step 1. Determine the equilibrium law equation.

x - [COQr
[CO,(g)]
Step 2. Convert the given initial amount of carbon dioxide gas to concentration in mol/L
by dividing by the volume.
%
_0.250 mol
0.500 L

¢ =0.500 mol/L
[CO2(g)]initial = 0.500 mol/L
Since there is no carbon monoxide gas initially, [CO(g)]initia1 1S 0.000 mol/L.
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Step 3. Use an ICE table to determine the relationship between the equilibrium
concentrations of the carbon dioxide gas and carbon monoxide gas.

COxg) + C(s) [ 2 CO®

1 0.500 0.00
C —X +2x
E 0.500 —x 2x

Step 4. Use [CO(g)]equitibrium and [CO(g)]initiar to calculate the value of x.
2x=0.0157

x =0.0078 mol/L.
Step 5: Calculate the equilibrium concentration of carbon dioxide gas.

[CO2(g)]equilibrium =0.500 - x
=0.500-0.0078
[CO,(8)]. uitprium = 0-492 mol/L

Step 6: Determine the equilibrium constant, K.

K= [CO(2)T’
[CO,(2)]
_(0.0157)
0492
K=501x10"

Statement: The concentration of carbon dioxide gas at equilibrium is 0.492 mol/L and
the equilibrium constant, K, is 5.01 x 107,

Tutorial 3 Practice, page 458
1. Given: V'=0.500 L; n_op0pme = 2-50 mol; K=5.6

Required: [cyclopropane(g)]equitibrium; [Propene(g)]lequitibrium

Solution:

Step 1. Convert the given initial amount of cyclopropane gas to concentration in mol/L
by dividing by the volume.

Mipitial
c=
%
_2.50 mol
0.500 L
¢ =15.00 mol/L

[cyclopropane(g)Jinitia = 5.00 mol/L

Since there is no propene gas initially, [propene(g)Jinitial 1S 0.000 mol/L.

Step 2. Since initially there are no products, Q is 0, which is smaller than K. The
equilibrium system will shift to the right, in the direction of products.
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Step 3. Use an ICE table to determine the equilibrium concentrations.

cyclopropane(g) - propene(g)

1 5.00 0.00
C —X +x
E 5.00 —x X

Step 4. Substitute the equilibrium concentrations into the equilibrium constant equation,
and solve for the unknown.

_ _ [propene(g)]
[cyclopropane(g)]

56=———

(5.00-x)
5.6(5.00-x)=x
28—-5.6x=x

—6.6x =28
x =4.24 mol/L

Step 5: Calculate the equilibrium concentrations.
[cyclopropane(g)].giprium = 500 — X

=500-4.24
[cyclopropane(g)]. iprium = 0-76 mol/L

[propene (g)]equitibrium = X, or 4.24 mol/L

Statement: The concentration of cyclopropane gas at equilibrium is 0.76 mol/L and the
concentration of propene gas at equilibrium is 4.24 mol/L.

2. Given: V= 1.00 L; [H2(g)]initiar = 0.200 mol/L; [12(g)]initiat = 0.200 mol/L;

[HI(g) Jinitias = 0.00 mol/L; K =49.5

Required: [HI(g)]cquitibrium; [H2(g)]equitibrium; [12(&)]equilibrium

Solution:

Step 1. Since initially there are no products, Q is 0, which is smaller than K. The
equilibrium system will shift to the right, in the direction of products.

Step 2. Using the balanced chemical equation, construct an ICE table for calculating
equilibrium concentrations.

H + L 2o
| 0.200 0.200 0.000
C —-X —-X +2x

E 0.200 — x 0.200 — x 2x
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Step 3. Substitute the expressions from the ICE table into the equilibrium constant
equation and solve the equation. The equilibrium law for this reaction is

5 [HI(g)I’
[H,()][1,(g)]

49.5 = (2x)°
(0.200 — x)(0.200 — x)

V495 = J (2%)°

(0.200 — x)(0.200 — x)

2x
0.200 — x
17.04(0.200 — x) = 2x
+1.407 —7.04x = 2x

x =20.156 mol/L
Substituting the negative value of x into the expressions for equilibrium concentrations in
the ICE table results in a negative concentration value for HI(g), which is not possible in
the real world. Therefore, use x = 0.156 mol/L in the equilibrium concentration
calculations.
Step 4. Calculate the equilibrium concentrations.
[H, (2)]equitirium = 0200 — x

=0.200-0.156
[H, (&)].quitoriom = 0.044 mol/L
[12(8) Jequitibrium = [Ha(&) equilibrium = 0.044 mol/L
[HI(g)]equilibrium =2x
— 2(0.156)
[HI(2)] . quitibrium = 0-312 mol/L

Statement: The equilibrium concentration for hydrogen iodide gas is 0.312 mol/L, and
the equilibrium concentration for both hydrogen gas and iodine gas is 0.044 mol/L.

17.04 =
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3. Given: 2 HCI(g) —— Hx(g) + Clx(g); V'=250.0 mL = 0.2500 L;
My = 0.500 mol; K=3.2x 10"
Required: [Hx(g)]equitibrium; [Cla(g)]equitibrium; [HCI(E)]equilibrium
Solution:
Step 1. Convert the given initial amount of hydrogen chloride gas to concentration in
mol/L by dividing by the volume.
_ Minitial
v
_0.500 mol
02500 L

¢ =2.00 mol/L
[HCI(g)]initia1 = 2.00 mol/L

Since there is no hydrogen gas or chlorine gas initially,

[Hz(g)]initial =(0.00 mol/L

[Cla(g) ]initial = 0.00 mol/L

Step 2. Calculate O and compare it to K.

At the start of the reaction Q is 0, which is less than K. The chemical reaction system
must shift to the right, toward the products.

Step 3. Use an ICE table to determine the required equilibrium concentrations.

2 HCI(g) ! Ha(g) + Cly(g)

I 2.00 0.00 0.00
C —X +0.5x +0.5x
E 2.00 —x 0.5x 0.5x
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Step 4. Substitute the equilibrium concentrations into the equilibrium constant equation,
and solve for the unknown.

x = H,(@IC,(g)]

[HCI(g)]*
12 x 10 = (0:5%)(0.5x)
(2.00 — x)?
39 % 10 = (0.5x)(0.5x)
(2.00 — x)?
+1.79 x 1077 = _05x
2.00 - x

(£1.79 x 1077)(2.00 — x) = 0.5x
(£3.58 x 1077) = (1.79 x 107)x = 0.5x
+3.58 x 1077 =0.5x +(1.79 x 10" )x
+3.58 x 107" =[0.5+(1.79 x 10"'7)]x
Lo T3.38X 107"
0.5+(1.79 x 107"7)

x=17.2 x 107" mol/L
Substituting the negative value of x into the expressions for equilibrium concentrations in
the ICE table results in a negative concentration value for H»(g) and Clx(g), which is not
possible in the real world. Therefore, use x = 7.2 x 10~"" mol/L in the equilibrium
concentration calculations.

Step 4. Calculate the equilibrium concentrations.
[HCI(g)]equilibrium = 0200 —X

=0.200—(72 x 107"")
[HCI(2)], yuiiprium = 0-200 mol/L
[H, (@)]quiibriom = 0-5%
=0.5(72%x107")
[H, (2)].quiibriom = 3:6 X 1077 mol/L

[Cla(g)]equitibrium = [H2(8)lequitibrium = 3.6 X 107" mol/L
Statement: The equilibrium concentration for hydrogen chloride gas is 0.200 mol/L, and

the equilibrium concentration for both hydrogen gas and chlorine gas is 3.6 x 107",
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Section 7.5 Questions, page 459
1. (a) Na(g) + 3 Ha(g) == 2 NHs(g)

(b) Given: V'=1.00 L; 7,41, = 2-00 mol; 7, x, o, = 1.00 mol;
Moy i, @ = 200 mol; K'=1.2x 10
Required: QO
Solution:
Step 1. Write concentrations, ¢, in mol/L from the given amounts of all entities, using
c==.
%

[Ha(g) initial = 2.00 mol/L

[N2(g)initiar = 1.00 mol/L

[NH3(g)Jinital = 2.00 mol/L

Step 2. Use the balanced equation in (a) to write the equilibrium constant equation for the
reaction system and calculate O from the concentrations determined in Step 1.

o NH@F
[H,(2)T'[N,(g)]
_(2.00)°
(2.00)*(1.00)
0 =0.500

Statement: The reaction quotient, O, for the reaction system is 0.500.

(¢) The chemical system is not at equilibrium. We have been given K = 1.2 X 10%, and
have determined that O = 0.500 in (b). The value of Q is less than the value of K. To
reach equilibrium, the equilibrium system must shift to the right, toward the product.
2. For the chemical reaction system represented by

H,0(g) +Cl1,0(g) ——= 2 HOCl(g)

(a) Given: V'=1.0 L; 7, yocie = 10 MOL 75 o1 o) = Minitia my0) = 0-10 mol

K =0.0900

Required: QO

Solution:

Step 1. Write concentrations, ¢, in mol/L from the given amounts of all entities, using

c=—.
%

[HOCl(g)]initial = 1.0 mol/L

[H20(2) Jinitial = [C12O() Jinitia1 = 0.10 mol/L
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Step 2. Write the equilibrium constant equation for the reaction system and calculate O
from the calculated concentrations:

o__ HOCI)?
[H,0(2)][C1,0(g)]
(1.0)°
~ (0.10)(0.10)
0=100

Since K =0.0900, Q is greater than K, and the system is not at equilibrium.

Step 3. Since Q is greater than K, the system has more of the product now than it would
have at equilibrium. To reach equilibrium, the equilibrium system must shift to the left
(toward the reactants).

Statement: At the given initial conditions, this chemical equilibrium system will shift to
the left (toward the reactants) to achieve equilibrium.

(b) Given: V'=2.0 L; 1, noci = 0084 moL; 74,1 1. oy = 0.080 mol;

Rinitiar 1,0 = 0-98 mol; K'=0.0900
Required: QO
Solution:
Step 1. Write concentrations, ¢, in mol/L from the given amounts of all entities, using
c==.
%
0.084 mol
HOCI(g)]. .. = ———M—
[ (g)]mmal 20 L
[HOCI(g)],, sy = 0.042 mol/L (one extra digit carried)
0.98 mol
H.O®()]. .. 6 = ———
[ 2 (g)]mmal 20 L

[H,0(2)],;, =0.49 mol/L

0.080 mol
CL,O = —
[ 2 (g)]mmal 20 L

[CIZO(g)]iniﬁa] = 004 mOI/L

Step 2. Write the equilibrium constant equation for the reaction system and calculate O
from the calculated concentrations:

0 HOCIg)Y
[H,0(2)][CL,0(g)]
_(0.042)?
(0.49)(0.04)
0=0.09

Since K =0.0900, Q is equal to K, so the reaction is at equilibrium.
Statement: At the given initial conditions, this reaction system is at equilibrium.
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(0) Given: V'=3.0 L; 1 nocie = 0-25 MOL; 7451 1, 0y = 0.0010 mol;;

initia 1,00 = 0-56 mol; K'=0.0900
Required: O
Solution:
Step 1. Write concentrations, ¢, in mol/L from the given amounts of all entities, using
=2,
Vv
0.25 mol
HOCl(2)]... = ———
[ (g)]mmal 30 L
[HOCI(g)]imtial =0.08 mol/L
0.56 mol
H.O@)]. . = ——
[ 2 (g)]mmal 30 L
[H,0(2)],5a = 0.19 mol/L
0.0010 mol
CLO®)]. = ———
[ 2 (g)]mmal 30 L

[CLO@)], 4 = 3.3 %10~ mol/L

Step 2. Write the equilibrium constant equation for the reaction system and calculate O
from the calculated concentrations:

0 [HOCIET
[H,0(2)][C1,0(g)]
~ (0.08)
(0.19)3.3x 10
0=102

Since K =0.0900, Q is greater than K, and the system is not at equilibrium.

Step 3. Since Q is greater than K, the system has more of the product now than it would
have at equilibrium. To reach equilibrium, the equilibrium system must shift to the left
(toward the reactants).

Statement: At the given initial conditions, this chemical equilibrium system will shift to
the left (toward the reactants) to achieve equilibrium.

3. Given: [Noz(g)]initia] =(0.850 mol/L; [N204(g)]initial = (.00 mol/L

K=1.15

Required: [NO(g)]equilibrium ; [N204(g)]equilibrium

Solution:

Step 1. Since initially there are no products, Q is 0, which is smaller than K. The
equilibrium system will shift to the right, in the direction of products.
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Step 2. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

2NOy(2) [ N-0.(2)

1 0.850 0.000
C —X +0.5x
E 0.850 —x 0.5x

Step 3. Substitute the expressions from the ICE table into the equilibrium constant
equation. The equilibrium law for this reaction is

_[IN,0,(2)]
[NO,(2)I
B 0.5x
~(0.850—x)’
This equation cannot be solved by taking the square root of both sides. Apply the hundred
rule to see if x can be assumed to be negligible.

[NOZ (g)]initial — 0 850

K 1.15
[NOZ (g)] initial

=0.739

Since 0.110 is much less than 100, the assumption that 0.850 + x = 0.850 is not
warranted. Therefore, you must solve the equation.

1.15(x* —=1.70x +0.7225) = 0.5x

1.15x* —2.455x +0.831=0
Step 4. Solve the equation by using the quadratic formula.

x:—bi\/b2—4ac

2a
_ —(-2455)+ J(2.455)* — 4(1.15)(0.831)
B 2(1.15)
245541485
B 23
x=1.71
or
x=0422
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The value of x is 0.422 mol/L because 1.71 mol/L would give a negative value for
[NO2(g)]equitibrium- Use this value to calculate the equilibrium concentrations for NO(g)
and N,O4(g) from the expressions in the ICE table.

[NOZ(g)]equilibﬁum =0.850-x

=0.850-0.422
[NO, (2)]equitibrium = 0-428 mol/L
[N,O, (g)]equilibrium =0.5x
=0.5(0422)
[N,O, (&)]equitibrium = 0-211 mol/L.
Step 5. Check your results by calculating K to see if it equals the given value of 1.15.
x = N0,
[NO,(g)I
0211
©(0.428)

K=1.15

The calculated value of 1.15 for K equals the given value of 1.15.

Statement: The solution is at equilibrium when the concentration of nitrogen dioxide is
0.428 mol/L and the concentration of dinitrogen tetroxide is 0.211 mol/L.

4. Given: Reactants: CO(g) +H,0(g); V"= 1.00 L; 7,5 co@ = Minidar m,010 = 2-00 mol;

n n =1.30 mol; all substances are in gas phase

equilibrium CO, () —
Required: K
Solution:

Step 1. Write the balanced equation for the equilibrium reaction system.

CO(g) + H2O(g) == COx(g) + Ha(g)

Step 2. Write the concentrations of the reactants using the given amounts.
[CO(g)]initial = [H20(g) Jinitiat = 2.00 mol/L

[CO2A(g) Jinitiat = [H2(g)] initiat = 0.00 mol/L

[COZ(g)] equilibrium = [HZ(g)]equilibrium =1.30 mol/L

Step 3. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

CO® + H0 [ COxg) + Hag)

equilibrium H, (g)

1 2.00 2.00 0.00 0.00
C —X —-X +x +x
E 2.00 —x 2.00 —x X X

Step 4. Calculate the value of x.
X = [COZ(g)]equilibt‘ium

= [Hz (g)]equilibrium
x =1.30 mol/L
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Step 5. Calculate the equilibrium concentrations.
[CO@).quibrion = 2-00—x
=2.00-1.30
[CO(@)].quitiriom = 0-70 mol/L
and
[H 2O(g)]equilibrium =0.70 mol/L
Step 6: Determine the equilibrium constant, K.
«_ [CO @M, (@]

~ [CO@IH,0(@)]
_ (1.30)(1.30)
(0.70)(0.70)
K=34
Statement: The equilibrium constant, K, for the reaction is 3.4, assuming all substances
are in the gas phase.

5. Given: 2 SO,(g) == 2 50,(2)+0,(8); ¥ =3.0 L; Nus0, = 12:0 mol ;

Requitibrium 50, @ = 3-0 Mol
Required: K
Solution:
Step 1. Write concentrations, ¢, in mol/L from the given amounts of all entities, using
c=2

%
12.0 mol
SO =
[ 3(g)]1nmal 30 L

[SO3(g)],»m»tial = 4.0 mol/L

[SO2(g)]initial = [O2(g)]initial = 0.00 mol/L

3.0 mol
[SO2(g)]equilibrium = 30 L

[Soz(g)]equilibrium =1.0 mol/L

Step 2. Using the balanced chemical equation, construct an ICE table to determine the
relationship between the equilibrium concentrations of the reactant and the products.

2505(2) [ 250:(®) + Oxg)

I 4.0 0.0 0.0
C —X +x +0.5x
E 4.0 —-x 1.0 +0.5x
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Step 3. Calculate the value of x.

X= [Soz(g)]equﬂibn'um
x =1.0 mol/L
[SOB(g)]equilibﬁum =40-x
=40-1.0
[SO;(&)]equitibrium = 3-0 mol/L.
[02(g)]equilibrium =0.5x
=0.5(1.0)
[0, (&)]equitibrium = 0-50 mol/L
Step 4: Determine the equilibrium constant, K.
[SO,(@)F[0, ()]
[SO,(@)F
_ (1.0)*(0.50)
3.0y
K=56x10"
Statement: The equilibrium constant, K, for the reaction is 5.6 X 102
6. Given: SO,(g)+NO,(g) —— SO,(g)+NO(g); K=3.75;
[SO2]initiat = [NO2A(g)Jinitial = [SO3() Jinitiat = [NO()Jinitiat = 0.800 mol/L
Required: [SO:]cquitibrium; [NO2(g)]equitibrium; [SO3(g)]equitibrium; [NO(&)]equitibrium
Solution:

Step 1. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

SOxg) + NOxg) W SO:® + NOG

1 0.800 0.800 0.800 0.800
C —X —-X +x +x
E 0.800 —x 0.800 —x 0.800 + x 0.800 + x
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Step 2. Calculate the value of x by substituting the given value of K and the
concentrations from the ICE table into the equilibrium constant equation.

P [SO,(2)][NO(g)]
[SO,(8)][NO,(2)]
5 (0.800+)(0.800 +x)
(0.800 — x)(0.800 — x)
s \/(0.800 +x)(0.800 + x)
(0.800 — x)(0.800 — x)
4 (0.800+)
(0.800 — x)
+1.94(0.800 — x) = 0.800 + x
+1.552 —1.94x = 0.800 + x
+1.552 — 0.800 = 2.94x
x=0.256 mol/L
or

x =-0.713 mol/L
Substituting the negative value of x into the expressions for equilibrium concentrations in
the ICE table results in positive concentration values for all entities. To determine which
value of x to use, substitute each value for x in the algebraic equation for the equilibrium
constant:

1

& (0:800+x)(0.800 +x) & (0:800+x)(0.800 + x)
(0.800 — x)(0.800 — x) (0.800 — x)(0.800 — x)
_(0.800+0.256)(0.800 + 0.256) _ (0.800—0.713)(0.800 — 0.713)
" (0.800 - 0.256)(0.800 — 0.256) ~ (0.800+0.713)(0.800 + 0.713)
K=3.77 K =0.003

K =3.77 is close to he equilibrium constant of 3.75; therefore, use x = 2.56 mol/L in the
equilibrium concentration calculations.
Step 3. Calculate the equilibrium concentrations.

[SOZ ]equilibrium =0.800 —x [SOS]equilibrium =0.800 + x
=0.800-0.256 =0.800 +0.256
[SO; lequitibrium = 0-544 mol/L [SO, Leguitibriom = 1.06 mol/L
[NOZ(g)]equi]ibrium = [SOZ]equilibrium [No(g)]equilibrium = [SO3]equilibrium
[NO, (2)]quitibrium = 0-544 mol/L [NO(&)].quitibrium = 1-06 mOl/L

Statement: The equilibrium concentration for both sulfur dioxide gas and nitrogen
dioxide gas is 0.544 mol/L. The equilibrium concentration for both sulfur trioxide gas
and nitric oxide gas is 1.06 mol/L.
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7. Given: 2 H,0(g) —— 2 H,(g)+0,(g); [H20(g)]equitibrium = 1.1 X 10" mol/L;

[Ha(g)]equitibriom = 1.2 X 10> mol/L; K =2.4 x 10
Required: [O2(g)]equitibrium

[H,(2)I'[0,(2)]
[H,0(2)I
x - H,@)TT0,(@)]
[H,0(2))
_ (1.2 % 107)’[0,(g)]
(1.1x10™")?

24 x107)(1.1x 107"
[Oz(g)] = ( (12 >3(10-2)2 )

[OZ(g)]equilibdum =0.20 mol/L

Analysis: K =

Solution:

24 %107

Statement: The equilibrium concentration of oxygen gas is 0.20 mol/L for the given

reaction.

8. Given: HCO, (aq) —— H'(aq)+ COf‘(aq); [HCOs (aq)]initiar = 0.16 mol/L;

[CO5* (aq)Jinitial = 0.00 mol/L; K = 5.6 x 10"
Required: [CO5” (aq)]equilibrium

Analysis:
HCO; (aq) [ H'(ag) + €O (ag)
I 0.16 0.00 0.00
C | —«x +x +x
E 0.16 —x X X
_ [H"@q)][CO; (aq)]
[HCO; (aq)]
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+ 2—
Solution: K= [H (aq)][(303 (aq)]
[HCO; (aq)]
(x)(x)
0.16—x
(5.6 x 107")(0.16 —x) = x°
X2 +(5.6 x 107" (x) (9.0 x 107*)=0
Solve the equation by using the quadratic formula.

- N

56 x 107" =

2a
(56 x 10’“)i\/(5.6 x 107" —4(1)(—9.0 x 1077)
- 2(1)
(5.6 x107")£(6 x 107°)
B 2
x=43.00x10"°

The value of x is 3.0 X 10~ mol/L because —3.0 X 10~ mol/L would give negative
values for the reactants and products. Use this value to calculate the equilibrium
concentrations for the carbonate ion from the expression in the ICE table.

x=3.0x%x10"°

[CO," (aQ)], yipriam = 3-0 X 10™° mol/L
Check your results by calculating X to see if it equals the given value of 5.6 x 107",

_ (W
0.16—x
. (3.0x 107
T 0.16—(3.0 x 107)
K=56x10"
The calculated value of 5.6 x 107" for K equals the given value of 5.6 x 107"
Statement: The equilibrium concentration of carbonate ion is of 3.0 X 10°°.
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