Section 7.1: Equilibrium Systems
Mini Investigation: The Water Exchange, page 422
A. Answers may vary. Sample answer:
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B. The volume of water in cylinder A decreased to about 25 mL. The volume of water in
cylinder B increased to about 25 mL. When the volumes approached 25 mL, the increases
and decreases with each transfer became smaller.

C. Equilibrium was established when the graph became level, indicating no change
between the two cylinders.

D. The system is closed because no matter is transferred to or from the surroundings.

E. The investigation modelled a dynamic equilibrium because the transfer of water was
equal in both directions.

Tutorial 1 Practice, page 427

1. Given: [N04(g)]initial = 0.25 mol/L; [NO2(g) Jinitiat = 0.00 mol/L;
[NOZ(g)]equilibrium =0.25 mol/L

Required: [N2O4(g)]equilibrium

Analysis: Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the product.

N2O4(g) =—— 2NO:(g)

I | 0.25 0
C | +2x
E| 025—x 2x

Solution: x represents the change in concentration of N,O4(g).
[INO,(8)],uiprium = 0-25 mol/L

[N02 (g)]equilibrium = 2x
2x=0.25 mol/L
x =0.125 mol/L (one extra digit carried)
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[N,0,(8)].uitirium = 0-25 mOl/L —x
=0.25 mol/L —0.125 mol/L

[N,O, (g)]equilibrium =0.12 mol/L

Statement: The equilibrium concentration of dinitrogen tetroxide gas is 0.12 mol/L.
2. Given: initial quantity of NOCI(g) = 3.00 mol; volume =3.00 L;

[No(g)]initial =0.00 mol/L; [Clz(g)]initial =0.00 Il’lOl/L; [No(g)]equilibrium =(0.043 mol/L
ReqUired: [NOCl(g)]equilibrium; [C12(g)]equilibrium

Solution:

Step 1. Calculate the initial concentration of nitrosyl chloride gas.

3.00 mol
OoCl(g)]. .. =——
[N (g)]mmal 300 L

[NOCI(g)]. ., = 1.00 mol/L

Step 2. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

2NOCI(g) —— 2NO(g) + Clh(g

1 1.00 0 0
C | +x +0.5x
E| 1.00-x X 0.5x

Step 3. Determine the value of x.
x represents the change in concentration of NO(g).
[NO(@)], iorium = 0-043 mol/L

x =0.043 mol/L
Step 4. Use the value of x to calculate the equilibrium concentrations of nitrosyl chloride
gas and chlorine gas.

[NOCI(@)], itprium = 1-00 moOl/L —x
=1.00 mol/L — 0.043 mol/L
[NOCI(@)],i1rium = 0-96 mol/L
[Cl, (g)]equilibrium =0.5x
=0.5(0.043 mol/L)
[CL,(8)],quitbrium = 0-022 mol/L

Statement: The equilibrium concentration of nitrosyl chloride gas is 0.96 mol/L and the
equilibrium concentration of chlorine gas is 0.022 mol/L.
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3. Given: initial quantity of C;H4(g) = 2.00 mol; initial quantity of Bra(g) = 1.25 mol;
volume = 0.500 L; [CoH4Br2(g)]initial = 0.0 mol/L; graph of [C,H4(g)] v. time (Figure 8)
Required: [C;Ha4(g)]equitibrium; [Br2(g)Jequitibrium; [C2HaBr2(g) Jequitibrium

Solution:

Step 1. Calculate the initial concentrations of ethene gas and bromine gas.

2.00 mol
CH = ——
[ 2 4(g)]1nmal 0500 L
[C,H,(@)]. .., =4.00 mol/L

1.25 mol
Br mnitial o~ o 1
[ Z(g)]mltlal 0500 L

[Br, (g)]. ..., = 2.50 mol/L

Step 2. Using Figure 8, determine the amount of ethene gas at equilibrium, once the
amount remains stable. Since the amount is stable at the last time point,
[C2H4(g)]equi1ibrium = 2.5 mol/L

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

CHa(g) +  Bry(g) —  GH4Br;y(g)

I 4.0 2.5 0
C |~ —X +x
E | 40—x 25 —x X

Step 4. Calculate the value of x, using the initial, change, and equilibrium concentrations
of ethene gas.
4.00 mol/L —x =2.5 mol/L

—x =-1.5 mol/L

x=1.5 mol/L
Step 5. Use the value of x to calculate the equilibrium concentrations of bromine gas and
1,2-dibromoethane gas.

[Br, (g)]equihbrium =2.5mol/L —x
= 2.5 mol/L —1.50 mol/L
[B, (&)].quiiriam = 1-0 mol/LL
[C,H,Br, (g)]equilibﬁum =
|:(32H4Br2 (g)]equilibrium = 15 mOI/L

Statement: The equilibrium concentration of ethene gas is 2.5 mol/L; the equilibrium
concentration of bromine gas is 1.0 mol/L; and the equilibrium concentration of
1,2-dibromoethane gas is 1.5 mol/L.
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Section 7.1 Questions, page 428

1. (a) A sealed bottle of pop is a dynamic equilibrium because the rate of conversion
between carbon dioxide and carbonic acid is equal in both directions in the closed
system.

(b) When I open the pop bottle, carbon dioxide leaves the bottle, so the equilibrium
conditions no longer exist and a new equilibrium must form between the pop and the
atmosphere.

2. (a) No change will be observed at equilibrium.

(b) At the molecular level, the forward and reverse reactions are occurring at the same
rate.

(¢) The reaction is dynamic.

3. (a) A balanced equation for this chemical reaction system is

Hy(g) + (g) == 2 Hl(g)

(b) If I carry out a reaction starting with a 2.0 L flask containing 0.45 mol of hydrogen
iodide, the concentrations of H,(g) and I>(g) will increase as the concentration of HI(g)
decreases until an equilibrium state is reached.

(c) A completed ICE table for a reaction in which the concentrations of each of the gases
was monitored is as follows:

Hxg) + I(g) — 2HIg

1 6.0 4.0 0.0
C| —x —X +2x
E | 60—x 40—x 2x

4. Given: initial quantity of SO»(g) = 2.5 mol; initial quantity of Ox(g) = 2.0 mol;
volume = 1.0 L; [SO3(g)]initiat = 0.0 mol/L; [SO2(g)]equilibrium = 0.75 mol/L

Required: [O2(g)]equilibrium; [SO3(g)]equitibrium
Solution:
Step 1. Calculate the initial concentrations of sulfur dioxide gas and oxygen gas.

2.5 mol
[SO,(@)]. i = 10L

[SO,(g)]. .., = 2-5 mol/L

2.0 mol
[0,(®)] i = 10L
[0,(@)]. .., = 2.0 mol/L

Step 2. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

2805(g) + Oi(g) — 280s(g)

I 2.5 2.0 0
C| —x —0.5x +x
E | 25—x 2.0 —0.5x X
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Step 3. Calculate the value of x, using the initial, change, and equilibrium concentrations
of sulfur dioxide gas.
2.5 mol/L — x = 0.75 mol/L

—x =-1.75 mol/L

x =1.75 mol/L (one extra digit carried)
Step 4. Use the value of x to calculate the equilibrium concentrations of oxygen gas and
sulfur trioxide gas.
[Oz(g)]cquimm.um = 2.0 mol/L — 0.5x

= 2.0 mol/L — 0.5(1.75 mol/L)
= 2.0 mol/L —0.875 mol/L
[OZ(g)]equilibrium =1.1 mol/L

[SOs3(g)]equitibrium =X

[SO3(g)]equilibrium =1.8 mol/L

Statement: The equilibrium concentration of oxygen gas is 1.1 mol/L and the
equilibrium concentration of sulfur trioxide gas is 1.8 mol/L.

5. Given: initial quantity of PCls(g) = 3.00 mol; volume = 1.50 L;
[PCIS(g)]initial =0.00 mol/L; [Clz(g)]initial =0.00 mol/L;

quantity of PCls(g) at equilibrium = 0.300 mol

Required: [PCls(g)]equitibrium; [Cl2(g)]equilibrium

Solution:

Step 1. Calculate the initial concentration of phosphorus pentachloride gas.

3.00 mol
PCL(Q)] i = —on v
[ 5(g)]mmal 1.50 L

[PCL(g)]. ..., = 2-00 mol/L

Also, calculate the concentration of phosphorus trichloride gas at equilibrium.

0.300 mol
[PC13 (g)]equﬂibn'um - IST

[PCL ()], e = 0-200 mol/L

Step 2. Use an ICE table to determine the relationship between the equilibrium
concentrations of the reactant and the products.

PCls(g) —— PCli(g) + Clh(g)

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

Step 3. Determine the value of x.

x represents the change in concentration of phosphorus trichloride gas.
[PC13(g)]equiMm.um =0.200 mol/L

x =0.200 mol/L
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Step 4. Use the value of x to calculate the equilibrium concentrations of phosphorous
pentachloride gas and chlorine gas.

[PCI, (g)]eClLlilibrium =2.00 mol/L —x
=2.00 mol/L —0.200 mol/L
[PCls(g)]equilibrium =1.80 mol/L

[CIZ (g)]equilibﬂum =X
[CL,(2)].quitpriom = 0-200 mol/L

Statement: The equilibrium concentration of phosphorous pentachloride gas is

1.80 mol/L and the equilibrium concentration of chlorine gas is 0.200 mol/L.

6. (a) No, if you eat a meal that is rich in fructose, diffusion will not result in the
absorption of all fructose molecules from the digesting food travelling through the
intestine because at equilibrium there is fructose on both sides of the cell membrane.

(b) Cells maximize the diffusion of nutrients by rapidly moving absorbed nutrients away
from the cell membrane, keeping the concentration on the inside of the membrane low.

Copyright © 2012 Nelson Education Ltd. Chapter 7: Chemical Equilibrium 7.1-6



