CHM 1040. GENERAL CHEMISTRY II LAB
WEEK 6. CHAPTER 15. CHEMICAL EQUILIBRIUM
NAME: ______________________

Solve the following problems from your textbook. (10 points each)
1. Practice Exercise on Page 520 (First solve Example 15.1 and then attempt the practice exercise).
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2. Practice Exercise on Page 520 (First solve Example 15.2 and then attempt the practice exercise).
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3. Practice Exercise on Page 521 (First solve Example 15.3 and then attempt the practice exercise).
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4. Practice Exercise on Page 523 (First solve Example 15.4 and then attempt the practice exercise).
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5. Practice Exercise on Page 531 (First solve Example 15.8 and then attempt the practice exercise).
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6. Practice Exercise on Page 533 (First solve Example 15.9 and then attempt the practice exercise).
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7. Problem 15.7 (Similar to Example 15.1).
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8. Problem 15.8 (Similar to Example 15.1).
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9. Problem 15. 15 (Similar to Example 15.3)
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10. Problem 15. 16 (Similar to Example 15.3)
[image: ]
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Kp = K.(0.08217)*"

Because 7 = 273 + 220 = 493 K and An = 1 — 3 = —2, we have

Kp = (10.5)(0.0821 x 493)~2
6.41x107

Clieck Note that Kp, like K. is a dimensionless quantity. This example shows that we can get a quite different value for the
equilibrium constant for the same reaction, depending on whether we express the concentrations in moles per liter or in
atmospheres.

Practice Evercise For the reaction

N (g) + 3H; (g) = 2NH; (g)

Kp is4.3 % 107 at 375°C. Calculate K, for the reaction.
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CaCOj; (s) = CaO () + CO; (g)

At 800°C, the pressure of CO; is 0.236 atm. Calculate (a) Kp and (b) K for the reaction at this temperature.

Strategy Remember that pure solids do not appear in the equilibrium constant expression. The relationship between Kp and K is
given by [ Equation (15.5).

Solution

(a) Using @@ Equation (15.8) we write

Kp = Peo,
= 0236

(b) From &) Equation (15.5), we know

Kp = K.(0.08217)*"

In this case, 7 = 800 + 273 = 1073 K and An = 1, so we substitute these values in the equation and obtain

0.236 = K. (0.0821 % 1073)
K. = 2.68x107°

Similar @ problem: 15.20.

Practice Evercise Consider the following equilibrium at 395 K:

NH,HS (s) = NH; (g) + H2S (g)

The partial pressure of each gas is 0.265 atm. Calculate Kp and K for the reaction.
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C, the equilibrium constant K for the reaction

N (g) + 3H; (g) = 2NH; (g)

is 2.37 x 107, In a certain experiment, the equilibrium concentrations are [N>] = 0.683 M, [Hz] = 8.80 M, and
[NH;] = 1.05 M. Suppose some NHj is added to the mixture so that its concentration is increased to 3.65 M. (a) Use Le
Chatelier’s principle to predict the shift in direction of the net reaction to reach a new equilibrium. (b) Confirm your prediction by

calculating the reaction quotient O and comparing its value with K.

Strategy (a) What is the stress applied to the system? How does the system adjust to offset the stress? (b) At the instant when some
NH3 is added, the system is no longer at equilibrium. How do we calculate the Q. for the reaction at this point? How does a
comparison of 0 with K, tell us the direction of the net reaction to reach equilibrium?

Solution

(a) The stress applied to the system is the addition of NH3. To offset this stress, some NHj3 reacts to produce N3 and H; until a
new equilibrium is established. The net reaction therefore shifts from right to left; that is,

N2 (g) + 3H, (g) < 2NH; (g)
(b) At the instant when some of the NH is added, the system is no longer at equilibrium. The reaction quotient is given by

INH; 3
[
(3657
(0.683)(8.0)"

2.86x 107

Because this value is greater than 2.37 X 1072, the net reaction shifts from right to left until Q. equals K.
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=" Figure 15.7 shows qualitatively the changes in concentrations of the reacting species.
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Figure 15.7 Changes in concentration of Hy, N, and NH after the adition of NH to the equilibrium mixture. When the new equilibrium is established, ail the
concentrations are changed but K, remains the same because temperature remains constant

Practice Exercise At 430°C, the equilibrium constant (Kp) for the reaction
2NO(g) + 0z (g) = 2NO; (9)

is 1.5 X 10°. In one experiment, the initial pressures of NO, Oz, and NO; are 2.1 X 10~ atm, 1.1 x 10~ atm, and 0.14 atm.
respectively. Calculate Qp and predict the direction that the net reaction will sl

to reach equilibrium.
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Consider the following equilibrium systems:

(a) 2PbS (5) + 303 (g) = 2PbO (s) + 2SO0, (g)
(b) PCls (g) = PCl3 () + Cly (g)

() Ha (g) + CO, (g) = H20 (g) + CO(g)

Predict the direction of the net reaction in each case as a result of increasing the pressure (decreasing the volume) on the system at
constant temperature.

Strategy A change in pressure can affect only the volume of a gas, but not that of a solid because solids (and liquids) are much less
compressible. The stress applied is an increase in pressure. According to Le Chatelier’s principle, the system will adjust to partially
offset this stress. In other words, the system will adjust to decrease the pressure. This can be achieved by shifting to the side of the
equation that has fewer moles of gas. Recall that pressure is directly proportional to moles of gas: PV = nRT so P o .

Solution

(a) Consider only the gaseous molecules. In the balanced equation there are 3 moles of gaseous reactants and 2 moles of gaseous
products. Therefore, the net reaction will shift toward the products (to the right) when the pressure s increased.

(b) The number of moles of products is 2 and that of reactants is 1; therefore, the net reaction will shift to the left, toward the
reactant.

(¢) The number of moles of products is equal to the number of moles of reactants, so a change in pressure has no effect on the
equilibrium.

Check Tn each case, the prediction is consistent with Le Chatelier’s principle.

Practice Exercise Consider the equilibrium reaction involving nitrosyl chloride, nitric oxide, and molecular chlorine
2NOCI(g) = 2NO (g) +Cl; ()

Predict the direction of the net reaction as a result of decreasing the pressure (increasing the volume) on the system at constant
temperature.
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For the same reaction and temperature as in (%' Example 15.6, suppose that the initial concentrations of H, I, and HI are 0.00623
‘M, 0.00414 M., and 0.0224 M, respectively. Calculate the concentrations of these species at equilibrium.

Strategy From the initial concentrations we can calculate the reaction quotient (Qc ) to see if the system is at equilibrium or, if not,
in which direction the net reaction will proceed to reach equilibrium. A comparison of O with K also enables us to determine if
there will be a depletion in H and I or HI as equilibrium s established.

Solution First we calculate Q. as follows:

[HIJ (0.0224)?

%= Tl

Because O, (19.5) is smaller than K. (54.3), we conclude that the net reaction will proceed from left to right until equilibrium is
reached (see (2 Figure 15.4); that is, there will be a depletion of Hy and I and a gain in HL.

Step I: et x be the depletion in concentration (mol/L) of H; and I at equilibrium. From the stoichiometry of the reaction it
follows that the increase in concentration for HI must be 2x. Next we write

H, + I = 2HI
Initial (M): 0.00623 0.00414 0.0224
Change (M): —x —x +2x

Equilibrium (M):  (0.00623 — x) (0.00414 — x) (0.0224 + 2x)

Step 2. The equilibrium constant is

[HIP

[H][I2]

Substituting, we get
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Step 3:

343 = o062

x)

It is not possible to solve this equation by the square root shortcut, as the starting concentrations [H ] and [I;] are
unequal. Instead, we must first carry out the multiplications

54.3 (258 % 1070 = 0.0104x +x*) = 5.02 X 10~ + 0.0896x + 4

Collecting terms, we get

50.3x% — 0.654x +8.98 X 107 = 0

This is a quadratic equation of the form ax® + bx + ¢ = 0. The solution for a quadratic equation (see 2 Appendix 3) is

—b+ Vb —4dac

2a

=

Here we have a = 50.3. b = —0.654. and ¢ = 8.98 x 107, so that

0.654:1/(-0.654~4(50.3)(8.98x10~")
= 2503

x=00114M or x=0.00154M

The first solution is physically impossible because the amounts of Hy and I reacted would be more than those originally
present. The second solution gives the correct answer. Note that in solving quadratic equations of this type, one answer is
always physically impossible, so choosing a value for x is easy.

At equilibrium, the concentrations are
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Step 3 At equilibrium, the concentrations are

[H:] = (0.00623 —0.00156) M = 0.00467 M
] = (0.00414 —0.00156) M = 0.00258 M
[HI] = (0.0224 +2x0.00156) M = 0.0255 M

Clieck You can check the answers by calculating K, using the equilibrium concentrations. Remember that K is a constant for a
particular reaction at a given temperature.

Practice Exercise At 1280°C the equilibrium constant (K, ) for the reaction
Bry (g) = 2Br(g)

is 1.1 X 107>, If the initial concentrations are [Bra] = 6.3 X 1072 M and [Br] = 1.2 x 10~ M. calculate the concentrations of
these species at equilibrium.
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At 720°C, the equilibrium constant K, for the reaction

N () +3H; (g) = 2NH; (g)

is 2.37 x 107, In a certain experiment, the equilibrium concentrations are [N>] = 0.683 M, [Hz] = 8.80 M, and

[NH;] = 1.05 M. Suppose some NHj is added to the mixture so that its concentration is increased to 3.65 M. (a) Use Le
Chatelier’s principle to predict the shift in direction of the net reaction to reach a new equilibrium. (b) Confirm your prediction by
calculating the reaction quotient O and comparing its value with K.

Strategy (a) What is the stress applied to the system? How does the system adjust to offset the stress? (b) At the instant when some
NH3 is added, the system is no longer at equilibrium. How do we calculate the Q. for the reaction at this point? How does a
comparison of 0 with K, tell us the direction of the net reaction to reach equilibrium?

Solution

(a) The stress applied to the system is the addition of NH3. To offset this stress, some NHj reacts to produce N, and H, until a
new equilibrium is established. The net reaction therefore shifts from right to left; that is,

N> (g) + 3Hz (g) < 2NHj3 (g)
(b) At the instant when some of the NH; is added, the system is no longer at equilibrium. The reaction quotient is given by

INH; 3
N2lo[H: 13
(3,657

(0.683)(8.80)°

2.86x 107

Because this value is greater than 2.37 X 107, the net reaction shifts from right to left until Q. equals K.

Figure 15.7 shows qualitatively the changes in concentrations of the reacting specics.
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concentrations are changed but K, remains the same because temperature remains constart.

Figure 15.7 Changes in concentration of Hy, N, and NH after the adition of NH to the equilibrium mixture. When the new equilibrium is established, ail the

Practice Exercise At 430°C, the equilibrium constant (Kp) for the reaction
2NO(g) + 0, (g) = 2NO; (3)

is 1.5 X 10°. In one experiment, the initial pressures of NO, Oz, and NO; are 2.1 X 10~ atm, 1.1 x 10~ atm, and 0.14 atm.
respectively. Calculate Qp and predict the direction that the net reaction will shift to reach equilibrium.
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15.15  What is the Kp at 1273°C for the reaction

2CO(g) + 02 (g) = 2COx (g)

if Ko is 2.24 X 10?? at the same temperature?
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15.16  The equilibrium constant Kp for the reaction

2503 (g) = 250, () + 02 (g)

is 5.0 x 107* at 302°C. What is K. for this reaction?
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Example 1!

Wiite expressions for K., and K if applicable, for the following reversible reactions at equilibrium:
(a) HF (ag) + H>0 (1) = H;O" (aq) + F~ (aq)

(b) 2NO (g) + 02 (g) = 2NO; (g)
(¢) CH3COOH (ag) + C;HsOH (ag) = CH3;COOC, Hs (ag) + HoO (1)

@
‘1'

Strategy Keep in mind the following facts: (1) the Kp expression applies only to gaseous reactions and (2) the concentration of

solvent (usually water) does not appear in the equilibrium constant expression.

Reaction shown in (b

Solution

(a) Because there are no gases present, Kp does not apply and we have only K.
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[H:0*| [F7]

~ [HFI[H,0]

’

HF is a weak acid, so that the amount of water consumed in acid ionizations is negligible compared with the total amount of
water present as solvent. Thus, we can rewrite the equilibrium constant as

[H;0*] [F"]
K=——+——
[HF]

(b) K. = NO; 2

= NoF g, o
mNOPloa P

PloPo,

(¢) The equilibrium constant K’ is given by

_ [CH;CO0C;Hs][H;0]

). = LRGESarell IRl
€~ [CH3COOH] [C;HsOH]

Because the water produced in the reaction is negligible compared with the water solvent, the concentration of water does not
change. Thus, we can write the new equilibrium constant as

_ [CH;COOC; Hs]
~ [CH;COOH] [C,H;OH]

e

Practice Exercise Write K and Kp for the decomposition of dinitrogen pentoside:

2N, 05 (g) = 4NO; (g) + 02 (8)
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The equilibrium constant Kp for the decomposition of phosphorus pentachloride to phosphorus trichloride and molecular chlorine
PCls (g) = PCl3 (¢) + CL> (2)

is found to be 1.05 at 250°C. If the equilibrium partial pressures of PCls and PCl3 are 0.973 atm and 0.548 atm, respectively, what
the equilibrium partial pressure of Cl, at 250°C.

PCl; = PCLy +Cl

Strategy The concentrations of the reacting gases are given in atm, so we can express the equilibrium constant in K. From the
known K value and the equilibrium pressures of PC; and PCls, we can solve for Py,
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Solution First, we write Kp in terms of the partial pressures of the reacting species

_ PPy

K;
"7 P,

Knowing the partial pressures, we write

_ (0548) (Pcy,)
(0.973)

or

_ (1.05)(0.973)

Py, = =1.86a
= T 0548) i

Check Note that we have added atm as the unit for Py, .

Practice Evercise The equilibrium constant Kp for the reaction

2NO; (g) = 2NO(g) + 02 (8)

is 158 at 1000 K. Caleulate Po, if Pro, = 0.400 atm and Po = 0.270 atm.
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Methanol (CH;OH) is manufactured industrially by the reaction
CO () +2H; (g) = CH;OH (g)

The equilibrium constant (K) for the reaction s 10.5 at 220°C. What is the value of K at this temperature?

@ °
«

I

CO+2H, = CH;0H

Strategy The relationship between K, and Kp is given by (2 Equation (15.5). What is the change in the number of moles of gases
from reactants to product? Recall that

An = moles of gaseous products — moles of gaseous reactants

‘What unit of temperature should we use?

Solution The relationship between K and Kp is




