Chem 116
Equilibrium Introduction

Chemical Equilibrium — General Concepts

Chapter 13

Concentrations

ReactionA + B==C + D * the rate at which products are consumed

Equilibrium

At Equilibrium:

equals the rate at which products are
produced.

e concentration of reactants and products
remain constant with time (steady state)

[C] and [D]
'
'

Viewed at a submicroscopic level:

Time

: * both reactions (forward and reverse reactigns)
are still going on like crazy, just occurring al
the same rate!!
Viewed at the human level
Equilibrium is * No changes in concentration with time i.e. g

established steady state situation.
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Equilibrium
For the general elementary step:
aA + bB Fy cC + dD

Write the rate laws for the forward and reversetieas.
Rate for forward reaction =

Rate for reverse reaction =

At equilibrium... rate of forward reaction = raiEreverse reaction.

Rearrangement leads to tBquilibrium Constant and theEquilibrium Constant
Expression.

On what does the value of the Equilibrium Constigend?

Sample Questions

1. What does the value of Kc tell you about the concentrstid the products relative to the concentration of the
reactants at equilibrium for the following reactions.

a. N(g) + 3H@ = 2NH,;(9); K.=1.7 x 16 at 500 K.
b. NO,9) = 2NOJg); K. = 4.64 x 16 at 25°C.

2. Ingeneral if Kk >> 1(, what does this tell you about the concentrations ofaetecand products at equilibrium?  if
Ke<<10%?if 103<K < 16°?

3. For each of the following reactions, write the equilibriconstant expression.
4NH(g) + 5Q(g) = 4NO(g) + 6HBO(g)

3Fe(s) + 440(9) = FeOs) + 4H(Q)

2HO() = 2H,(9) + Q9)

SiCl(g) + 2H(g) = Si(s) + 4HCI(9)

2HO(9) = 2H)g) + O(9)

Hg*(ag) + 2Clag) = Hg,Cly(s)

2 NaHCQ(s)= Na,CO4(s) + HO() + CO(9)

@ o aooop

4. An equilibrium mixture of Bl H,, and NH at 700 K contains 0.036 M¥ind 0.15 M H. At this temperature, &=
0.29, for the reaction
Nx@) + 3H@ = 2NH;(g)
What is the concentration of NPis.x10m




Chem 116

Equilibrium Introduction

Mathematical Manipulation of Kc

Calculate the numerical value of the equilibriumstant for each reaction below given the
following: Ny(@) + 3H(@) = 2NH0) Kc=4.1x 18 at 25°C

a. 2NH(g) = Nyg) + 3H(9) K =7

What happensto the value of K. when the reactionis reversed?

b. 3N(9) + 9H(g) = 6NHy(g) Ke' =7
What happensto the value of K when the coefficientsare multiplied?

c. ¥%2N(9) + 3/2H(@) = NHy@ K =7

d. NHy(g) = 2N(9) + 3/2H(@) K" =7

For Gas Phase Reactions...
One can write the equilibrium constant (Kp) in terms of partial pressure

aA(g) + bB(g) Ty cC(g) + dD(g)

=727
K, =27

PtotaI: ZPi = Pa+ Pb + Pc + Pd

Write the equilibrium constant expression in terms ofilgptessures ( for the following reactions:

1. CH(g + 2HS(@@ = CS(9) + 4H()
2. 2NO(9) + Q@ = 2NOJg)

3. 4NH(g) + 5Q(g) = 4NO(g) + 6HO(9)
4. 3R + Clo) = 2CIR(g)

5. CH(g) + HO(g) = CO(g + 3H@O)




Chem 116

Equilibrium Introduction

Relationship between K and K,

The pressure of each component in a mixture of ideal gasesisdirectly proportional to its molar concentration

1. Use the equilibrium shown below to derive an éigunaelating k; to K,
2S0(9) + O(9) > 2S0Q(g) K.=2.8x1Gat 727°C

For this reaction, what is the numerical value 9hK727’C?

2. What is the general form of the equation relatiygo K.?

Sample Questions

Hydrogen is produced industrially by the steam-hydrocar&darming process. The reaction that takes placeeitiitét step of this
process is:
H,0(g) + CH(g) = CO(9) + 3H(9)
a. If K. = 3.8 x 1¢* at 1000 K, what is the value of lét the same temperature?
b. If K,=6.1x 18 at 1125 °C, what is the value of & the same temperature?

In the industrial synthesis of hydrogen, mixtures ofa®@ H are enriched in kby allowing the CO to react with steam. The chemicall
equation for this so-called water-gas shift reaction is

CO(g) + HO(g) = COMg) + H(9)
What is the value of Kat 700 K if the partial pressures in an equilibrium mix@ir&00 K are 1.31 atm of CO, 10.0 atm gf416.12 atm
of CO,, and 20.3 atm of }? (9.48)

Nitric oxide reacts with oxygen to give nitrogen di@idn important reaction in the Ostwald process firttiustrial synthesis of nitric
acid:

2NO(g) + Q@) = 2NOYg)
If K= 6.9 x 10 at 227 °C, what is the value of Kt this temperature? If & 1.3 x 1¢% at 1000 K, what is the value of kit 1000K? (at
500 K: K, = 1.7 x 16; at 1000 K: K= 1.1)




