UNIT 7 — CHAPTER 13 STUDENT NOTES: EQUILIBRIUM

Chemical equilibrium — State where the concentration [ ] of all reactants and products remain constant

with time.

Nag) + 3 Hyg) € 2 NHsyy

Law of mass action — describes the equilibrium condition

K.=  [NHs)? Large K. = more products ——»
[N2]* - [H2)? Small K. = more reactants <+——

Calculate the value of K. if: [N2] =0.85 M, [Hz=0.0031 M, [NHs] = 0.031 M
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EX 1: Calculate the equilibrium concentrations of all the reactants and products for the following
reaction: N + Oz «—> 2NOy K.=4.1X10*

The initial amounts of reactants are N, = 0.50 moles and O, = 0.86 moles and it reacts in a 2-liter

container.



EX 2: Areaction in a 1-liter container had the following amounts: 0.298 moles PCl; and 0.00870 moles
of PCls. It followed this equation:

PClsg <> PClz) + Clag

When equilibrium was reached, it was found that 0.002 moles of Cl, had formed. A) Calculate the
concentrations of all species at equilibrium and B) calculate the value of K.

EX 3: Nitrogen reacts with hydrogen to form ammonia. If 0.001 M nitrogen reacts with 0.002 M
hydrogen, calculate the concentrations of all the species at equilibrium. K; for this reaction is 6.2 X 103,
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K. is related to pressure Kp=K.- (R-T)™N

K. = concentrations [ ] T = Kelvin
K, = pressures Pgas R =0.08206

AN = coefficients (prod - reactants)

EX 4: Given the equation: 2 NOy + Clyg = 2 NOClyy,

Calculate K if K, = 1.9 X 10°*/atm and 25°C AR = T 3)
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Equilibrium expressions involving concentrations or pressures only involve substances that change from
initial to equilibrium conditions. A pure substance (liquid) or solid changes amount, but not
concentration.

EX 5: Write the equilibrium expression for the following reactions.

CaCO3;) +—» CaOg)+ COyy K
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PC|5(5) +—> PC|3(/)+ C|z(g) K( - [g ‘\1,:3

CuSOs - 5 H:0i) €——> CuSOus+5H0p) K = ['A»&j
Equilibrium predicts several things:
1) Extent of the reaction
K. larger than 1 — mostly products
K. smaller than 1 — mostly reactants
2) Shift of equilibrium
Reaction quotient (Q) — used if [ ] are not zero
Q = K. — no shift, system is in equilibrium
Q > K. — shift to left, large [ ] of products
Q < K, — shift to right, large [ ] of products
EX 6: From the following reaction:
Nag + 3 Hag €——> 2 NHag) K.=0.06 L/mol? 5
#1 #2 #3 Ky = [NH3) )
[NH3] 0.001 ™ 0.0002 M 0.0001 M L'\IA LH;\D
[N2] 0.00001 M 0.000015 M 5.0M
[H2] 0.002 1 0.354 M 0.01 ™M
Which direction will the equilibrium shift in the three trials?
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EX 7: From the following reaction:

Hag + Faqp <——> 2 HFy

Kc= 115 L%/mol?

Calculate the concentration of all species if 3.0 moles of each reactant and 3.0 moles of the product are

added to a 1.5-liter container.
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" T Y g e
P17 2T MHF
EX 8: Carbonyl fluoride, COF,, is an important intermediate for organic fluorine compounds. It can be
prepared by the following reaction:

COyg) + CFagy <> 2 COFyy K, = 0.0050

At 1000°C, K, for this reaction is 0.0050. What are the partial pressures of all the gases at equilibrium
when the initial partial pressures of CO, and CFsare 0.713 atm?

EX 9: Hydrogen cyanide, a highly toxic gas, can decompose to cyanogen and hydrogen gas:

2 HCNy) <+—> CiHyg + Ha K,=0.17

What are the partial pressures of all gases at equilibrium if initial partial pressures are Pczuz = 0.32 atm,
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EX 10: 3.0 moles of H, and 6.0 moles of F, are placed into a 3.0-liter container and is allowed to reach
equilibrium according to the following equation:

LarGE K, CargT 1GNNE:

Hag + Fag € 2 HF) K.=115

Calculate the concentrations of all the species at equilibrium.
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EX 11: A container holds HI at 0.50 atm, H,at 0.01 atm, and I, at 0.005 atm and reacts according to the
following reaction:

Hag) + l2g) € 2 Hly

Kc =100
Calculate the partial pressures of all speues when the reaction reaches equilibrium. > LOHICH DiRECTION N.*
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EX 12: In a 5.00-liter container, 15.7 grams of H, and 295 grams of I, are allowed to reach equilibrium
according to the following equation

Hagg) + lyg) <> 2 Hlg) K.=701
Calculate the equilibrium concentration of all the species at equilibrium



EX 13: At a particular temperature, the equilibrium constant for the gas-phase reaction between carbon
monoxide and oxygen to produce carbon dioxide is 5.0 X 10%L/mol. Calculate the concentrations of all
species at equilibrium if 2.0 moles each of CO and O; are placed in a 5.0-liter vessel and allowed to come

to equilibrium.

EX 14: At a certain temperature, K. = 1.1 X 10° L/mol for the reaction:

Fe3+(aq) + SCN-(aq) +—> FeSCN2+(aq) Kc = 1100
Calculate the concentratlonvs of all species if 0.10 moles Fe(NOs)s is added to 1.0 liters of 2.0 M KSCN.
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Calculating solubility constant and determining solubility from K, D:Q SU\WE < loX=(0] OM
A solubility constant is calculated by concentrations in your Q value. Large Ks, means more soluble.
EX 15: What is the solubility of Pbly, K, = 1.4 X 1082 Pbly(s) = Pb*aq) + 2 I'(aq)
Ble = 7 PhP+22" e
Kep = 148 2 [XY - [278F . 14x0B= = 35%5 =X
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EX 16: If the Ksp of aluminum hydroxide is 2 X 1032 and the [A**] = .5 M, what is the concentration of

the other ion? A-‘ {Of-Dg~——=) A‘ %+ I 8 OH“
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EX 17: What is the molar solubility of silver sulfate in water? K;,= 1.2 X 10°? What if it is in 0.10 M silver
nitrate instead of water?
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EX 19: 100 mL of Mg(NOs); is mixed with 100 mL NaOH (K, = 8.9 X 10*?). Does the magnesium
precipitate? ; ) - ;
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