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& Definition
B Static State — A state that can be detected or

measured
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B Chemical Equilibrium — The state in which the
concentrations of all reactants and products remain
constant with time.
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B Complete reaction and quantitative conversion
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& Dynamic Equilibrium

Although the concentrations of the reactants and
products remain constant with time at chemical
equilibrium, as the reaction has stopped, equilibrium is
absolutely not static.

As a matter of fact, the forward reaction and the
backward reaction are both going on in the microscopic
world, but reach the same rates.
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& Dimerization of NO,

2NOzg) <——= N20yq)
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& Water-Gas Shift Reaction

Concentration




@ Reaction Rate vs. Time -L #7257 w F JEif F 10

HyO0g)+ CO@g) <——= Hy(g) + COy
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@ Harber Process of Ammonia Synthesis 7#7,# #/ 4
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@ Harber Process of Ammonia Synthesis# 77+ #/ 4

E The reaction requires vigorous conditions and catalysts.
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B The reaction cannot reach to completion.
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E The concentration of H, drops faster than does the nitrogen.
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E The concentrations of N,, H,, and NH; always reach a static
state and obey the law of mass action.
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@ The Law of Mass Action # # %

\

B A B, C, D... are the chemical species involved in the reaction.
J, k, I, m represent the respective coefficients. K is the
equilibrium constant. A, B,C, D £ ££ 4 B 77/t &5 45 -
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B K depends on the concentration, and Ks,uard = Kreverse
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B K depends on the temperaKture.
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E K represents the extent of a reaction.



@ Different concentrations at the same temperature
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Note: In Exp I, if [NH;] = x, [N,] = 1.000-0.5x and [H,] = 1.000-1.5x



= Equilibrium expressions involving pressures
B E2T LYK

D
Kp = — — =KRT)M

An=(1+m)- (j +K)



@ The concept of activity 7¢ £,/ 77/% £

B Equilibrium concentration or pressure does not really
express the equilibrium constant.
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B The activity iIs defined as the ratio of the equilibrium pressure
or concentration to a reference.
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Pi
dj =
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jA+kB —— IC+mD
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& Heterogeneous equilibria #£ 7 47T 7

B lonicsolids #22+ ##¢

CaCO55) =—= Ca0(s) + COyy
Kp =Pcop

E The activity of a pure solid or liquid is always 1.
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® Reaction Quotient # & # i&
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E The reaction quotient indicates the reaction direction.
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, the reaction goes forward. 7 F
, the reaction goes backward. ## # k&
the reaction is at equilibrium. £/ T #
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@ Solving Equilibrium Problems
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@ Calculating Equilibrium Pressures & Concentration
S - Vs

The formation of HF ; from H, and F, has K = 1.15x104. At the
same temperature, 3.000 mol of each component was added to a
1.500 L flask. Calculate the eq. concentrations of all species.

Hag) + Fa) <—— HF K =1.15x107

[HF]o>  (3.000/1.500)°

= = =1.000 > K
[Holo[F2lo  (3.000/1.500)2

The reaction will go forward.
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[HF]? (2.000 + 2x)?

K =1.15x10% =

[HlF2]l (2,000 - x)?

[Ho] =[F2] =2.000 M -x=0.472 M
[HF] = 2.000 + 2x = 5.056 M



@ Treating systems that have small eg. constants
LT ) TE S

[NOJ*[Cly]

K=1.6x10°= ;
[INOCI]

If [NOCI] =1.0 mol/2.0 L =0.50 M, [NO], =[Cl,],=0 M
Define the change in concentrations of Cl, as x



The concentrations can be summarized as follows:

INOJ’[CL]  (20%(x)

K =1.6x10" = o =
[NOCI] (0.50 - 2x)°

If 0.50 M >> 2x, [Cl,] =x = 0.01 M, [NO] = 2x = 0.02 M
[NOCI] = 0.50 M




@ Le Chatelier’s Principle #¢,2 %7/ f
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& The effect of a change In concentration
kR I fh
Haber Synthesis of ammonia

Na(g) + 3 Hag) <—— 2 NHjg
[NH;]°
[N,][H,]®

Equilibrium Posimon 1~ ~ Equilibrium Position 11
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Figure 6.7 (a) The initial equilibrium mixture of No, Hs, and NH5. (b) Addition of MN..
(c) The new equilibrium position for the system containing more N. (due to addition of
M=), less Hz. and more NH5 than the mixture in (a).
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[No] = 0.399 M, [H,]=1.197 M, and [NH;]=0202M




& The effect of a change In pressure
B2 [
Haber Synthesis of ammonia

2 PP
Kp = —— NH3 Kp = = K(RT)A"
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Figure 6.9

(a) Brown NOs(g) and colorless
N.Oy4(g) at equilibrium in a syringe.
(b) The volume is suddenly de-
creased, giving a greater concentra-
tion of both N-O, and NO. (indi-
caled by the darker brown color).

(c) A few seconds after the sudden
volume decrease, the color becomes
much lighter brown as the equilib-
rium shifls from brown NO4(g) to col-
orless NaO,(g). This is predicted by
Le Chatelier’s principle, since in the
equilibrium

2NO.(g) == N,04(g)

the product side has the smaller
number of molecules.
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& The effect of a change in temperature
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& The effect of a change In temperature
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Shifting the NoOu(g) — 2NO.(g)
equilibrium by changing the temper-
ature, (a) Al 100°C the flask is
definitely reddish brown due to a
large amount of NO» present. (b) At
0°C the equilibrium is shifted toward
colorless NoO4(g).
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