Chapter 13 Problems:

10, 11, 15, 17, 19, 21, 23, 25, 27, 29, 30, 32-35, 37, 39, 41, 43, 46, 47, 49,
53(a,b), 55, 57, 59, 62, 64-66, 69, 71, 73, 75, 77



Chapter 13 - Equilibrium

Many reactions proceed essentially to completion, w here there is no
limiting reactant left over.
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2 kinds of equilibrium:

1. Chemical Equilibrium _ (dynamic equilibrium) — the rate of the
forward chemical reaction = the rate of the reverse chemical reaction.

2. Physical Equilibrium__ — the concentration of 2 phases of the
same substance remain constant with time.

All systems will eventually come to equilibrium in a closed container.

Some reactions favor the formation of reactants (no n spontaneous reaction),
some favor products (spontaneous reaction), and som e are in between.



Physical Equilibrium occurs when 2 phase changes oc cur at the same rate.

l.e. rate of evaporation = rate of condensation.
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For the reaction: N, + 3H,,  2NH3,
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Equilibrium is reached when this graph becomes hori zontal.
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For the reaction: 2NO , N,O,

Note: Equilibrium is reached when concentrations s top changing.

N,O, is always favored when equilibrium is achieved.



For the reaction: N ,0, 2NO,

Initial Concentration  Equilibrium Concentration Ratio Ratio
[NO,] [N,O,] [NO,] [N,O,] [NO,VIN,O,1  [NO,]?[N,O,]
0 .67 0547 .643 .0851 4.65 x 103
.03 5 0475 491 0967 4.60 x 103
2 0 .0204 .0898 227 4.63 x 103

The Law of Mass Action:
For any reaction , an equilibrium constant exists, and is calculated by:

aA + bB cC + dD

K = [C]¢[D]¢
[A]2[B]°

K is specific to a given reaction, and varies with temperature,
therefore, the temperature must always be specified with K

K, the equilibrium constant, and k, the rate consta  nt are not the same number!



Rules for writing equilibrium expressions:

1) Liquid solutions: Concentration is expressed in Molarity
Gas Phases: Concentration is expressed in Molarity or Atmospheres

where K .= constant when using Molarity
K, = constant when using gas pressure

2) Solids, pure liquids and solvents (if solutions a re dilute) are not included
in the equilibrium expression. If 2 liquids are mi xed together, include them
In the expression. (If a substance has a constant concentration, don’t
include it in the equilibrium expression.)

a) CaF,, Ca¥*,, *+ 2F K. = [Ca?][F]?

(aq)

Adding more solid to a saturated (equilibrium) solu tion will not cause
more CaF, to dissolve.

b) CaCO,, CalOy + CO,, K, = [CO,
CaCO; & CaO must be present in order for equilibrium to b e achieved.

The concentration of a solid doesn’t change asare  action proceeds.



¢) HC,HyOun *+ H:Op  CoHiOy ag + HiO

2 (aq)
K¢ = [C,H;0, 1[H;07]

[HC,H,0,] The solvent, water, changes
concentration only minimally,
therefore is excluded from the
equilibrium expression.

+
(aq)

d) 2NaHCO,,  Na,COuy + CO,y + H,0 K, = [CO,]



3. When stoichiometric coeffecients change, K changes:

4.

Hog * 72054 HO

2Hog + Oy 2H,0

(9

Where K 2 = K

If a reaction is written in reverse,

H,0 (9

H
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[H,0]

= 5.8 x 1040

[H,][0,] 2
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Magnitude of K:

Large K: for 20 30 K= [O,3 = 254x10%

3(9) 2
[O5)

2(9)

When equilibrium is established, [O ,] >> [O,]

Restated: Equilibrium favors the products

Problem: Calculate the ozone molarity if [O  ,] at equilibrium = 0.50 M

SmallK: CI 2Cl K. = [ClI]12 = 1.4x10-8

2(0) (9) c
[Cl]

Equilibrium favors the reactants.




Neither large or small K:

CO(9)

Problem:

+ H,0

Hog + COyq K¢
[CO] = .20M

[H,O] = .40M

[H,] = .30M

Determine [CO ]

= [H,]ICO,] =

[COJ[H 0]

Very
small

K

C

Very
large

Reaction proceeds
hardly at all.

I I I
107 1 10°
Appreciable concentrations
of both reactants and products
are present at equilibrium.

Homogenous Equilibrium: All reacting species are |

Heterogenous Equilibrium: Reactants and Products ar

Reaction proceeds
nearly to completion.

n the same phase

5.10

e different phases



Relationship of K ; to K :

Kp = K(RT) " where R = .0821L Atm

mole ‘K
T = Kelvin
n = moles gaseous product — moles gaseous
reactant
When would K . = K_7?
Problem:
2NOg) + Oyq  2NOy,
If the equilibrium concentrations are as follows (2 30°C) [NO] = .0542M

[0,] = .127M
[NO,] = 15.5M

Calculate Kc and Kp



Problem: PCI PCI + ClI

5(9) 3(9) 2(9)
Kp = 1.05 at 250°C
Two Partial Pressures P o, = .875atm.
are measured as follows: P pa, = .463 atm.
Calculate P
2
Problem: CaCO g, Cal , + CO ,,

at 800°C, P, = .236 atm. Calculate K cand K,

Homework: 14, 17, 19, 21, 23, 25, 27, 29, 30,32 - 35



Multiple Equilibria:

Often, a product of 1 reaction then becomes areact antin a second reaction
(intermediate)

H,CO, H* + HCO, K, = [H][HCO,] = 4.2x107
[H,CO4]

HCO, H* + CO,= K, = [H] [CO,? = 4.8x10%
[HCO,]

H,CO, 2H* + CO,? K="



Predicting the direction a reaction will proceed us ing the Reaction Quotient, Q

H o + |

2(0) 2HI

K at 430°C = 54.3

2(9) (9)

There are 0.243 mole H ,
0.146 mole I,
1.98 mole HI in a 1L container at 430 °C.

Is the reaction at equilibrium?

Which direction will the reaction proceed?

If Q=K system is at equilibrium
Q>K products will change to reactants, the reactio  n will proceed left.

Q<K reactants will change to products, the reactio n will proceed right.



Equilibrium Stoichiometry
Problem:

Hom + |

2HI a mixture of .500 mole H , and .500
mole |, are placed in a 1L container at
430°C. Calculate the concentration of
each species when equilibrium is

established.

2(9) 2(9)

K. =54.3 (recall, from previous problem)



CHag + 1y 2HL | o
Problem: If the initial concentration of each reac  tant in the above equation is:

[H,] = .00623M
[I,] = .00414M
[HI] = .0224M

Which direction will equilibrium proceed?

Determine the final or equilibrium concentrations o f each species.



Problem:

N + 3H 2NH If P,\|2 = .862 Atm

Py, = -373 Atm
K, = 4.31x 10

2(9) 2(9) 3(9)

Calculate the partial pressure of all species when equilibrium is established.



The 5% Rule:

It is ok to approximate if the quantity ignored is within 5 % of which it is
subtracted from.

Check to see if <5% of N , and H, were ignored:

_ 29 T \3H 2 2NH 5
Init. .86 . 0
Change -x -3 +2X
Final 862 — X 373 — 3X 2X

Homework: 37, 39, 41, 43, 46, 47, 49, 53 a & b, 55



LeChateliers Principle - If an external stress is applied to a reaction at
equilibrium, the reaction will adjust to offset the stress. (pressure, temperature,
concentration)

Factors that cause equilibrium to shift and favor m ore reactants or more
products:

1. Concentration:

An increase in concentration will cause a shift in the direction that
uses up the added component.

A decrease in concentration will cause a shiftin t he direction that will
produce more of the removed component.
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N + 3H,,  2NH g, is atequilibrium. Thenwe add more N
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Problem: FeSCN *2 ., Fe,y + SCN
dark brown Yellow Colorless

Describe the equilibrium shift and resulting change In concentrations of all
species when:

KSCN,,q Is added

FeCl ) IS added

3(aq

NaOH,,, Is added



2. Change in Volume and Pressure — Affects equilibriu ~ m position, but not
the equilibrium constant. Only gases are affected by pressure changes.

Increasing pressure causes a shift toward the direc  tion that produces
less gas particles, (moles of gas) which will then reduce the pressure of
the system.

Decreasing the pressure causes a shift toward the d  irection that
produces more moles of gas.

N + 3H 2NH

2(9) 2(9) 3(9)

What happens when pressure is increased?

(a) (b) (¢)




Adding an inert gas, like He, has no affect on shif  ting equilibrium, even
though adding He increases the total pressure.

Describe the effect of the following “stresses”

2PbS(S) + 302(9) 2PbO(S) + ZSOZ(Q)
P
V
Add Ne @
Hyg + COyq  HxO + CO,

What happens to equilibrium if Pressure is Increase  d?



Brown Colorless

2|\IOZ(Q) |\|204(g)

(a) Brown_ NO 2(g)_and co_lorless N ;044
in equilibrium in a syringe.

(b) The volume is suddenly decreased,
giving a greater concentration of

both N, O, and NO,, (indicated by the
darker brown color).

(c) A few seconds after the sudden
volume decrease, the color is much
lighter brown as the equilibrium
shifts the brown NO ,,, to colorless
|\|204(9)



3. Changes in Temperature:

When a reaction is heated, the system absorbs heat causing the reaction
to shift in the direction that absorbs energy (endo thermic direction)

When a reaction is cooled, it shifts in the exother mic direction.

Brown Colorless
2NO, N,O, g H =-58 kJ
Both gases are pollutants

in Denver air. What color

would the air be on a hot

summer day?

On a cold winter day?



Catalysts cause equilibrium to be reached sooner. They do not shift equilibrium.

N,Fyy 2NFp,  H = 385kJ

Heat

NF, removed
Pressure

Add He

Add a catalyst

Hb + Oy,q  HDBO,,,

(aq)

Homework: 10, 11, 15, 59, 62, 64, 65, 66, 69, 71,7 3,75, 77



