CHEMICAL EQUILIBRIUM
[MH5; 12.1,12.2, 12.4, 12.5]

Recall that at equilibrium, the rate of a reaction is equal to the
rate of its reverse reaction.

So......it is going howhere fast; the amounts of the reactants and
the products do not change.

Every equilibrium is governed by a number which we call the
Equilibrium Constant (denoted by K.,).

The equilibrium constant defines the relationship between the
amounts of each reactant and product in the system.

AN EXPERIMENTAL APPROACH TO EQUILIBRIUM [MH5;12.1]
Consider the following reaction:

N,O, (@) — 2 NO, (g)
Gol\oc\ess (ed - SrowOn

aa.s %a,ﬁ
Initially, this is the only reaction taking place. But before long.......

2NO, (g9 - N,0,(9)
- _dection ceverses

And soon...... } ui\;hftsu(—l\r\ <
N,O, (g) = 2 NO, (g) esda blishad.
- LGQ,\\OU.J 60.%
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+ Once the system attains equilibrium, the amounts of the two gases
do not change; at 100 ° C, the pressures of each gas can be
measured and found to be:

P (N,0O,) =0.22 atm P(NO,) = 1.56 atm

The following table (MH5: Table 12.2) outlines three different ways
that this equilibrium may be approached.

Experiment Species P (initial) |P(equilibrium)
1 N,O, 1.00 0.22
NO, 0.00 1.56
2 N,O, 0.00 0.07
NO, 1.00 0.86
3 N,O, 1.00 0.42
NO, 1.00 2.16

- Do these experiments have anything in common ?
It turns out that there is a relationship between the equilibrium
pressures of N,O, and NO, that is valid for all three experiments.

E i al 3
(’PNO&\ Vo i:‘;m&s
CDNGO*\
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THE EQUILIBRIUM CONSTANT EXPRESSION [MH5; 12.2]

For the reaction: aA + bB - cC + dD

. . [e3 3
% B]°

at equilibrium

* [A] represents the concentration of A and K, is the Equilibrium
Constant for the reaction at that temperature.

» Concentration is usually expressed in Molarity (molL™) for solution
chemistry; for gases, values may be in molL~" (K. values) or in partial
pressures (K, values).

- For the gaseous equilibrium: Hy(g) + IN(g) = 2 HI(g)
D o
- ﬂ”"?‘ (a_:klﬂ-—(-/
(P\-\ a) @\a,\

* For the gaseous equilibrium: N,(g) + 3 H,(g) = 2 NH,(g)

('P NH ,>&
(P Q (?\4&3 >
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* When all reactants and products are in the same phase (all gas phase

in the above examples) we have a homogeneous equilibrium.

* In a heterogeneous equilibrium, at least one reactant or product is in

a different phase: ie; gas + solid, or solid + solution etc.

- So for: C(s) + O)(g9) = CO,9)

_ Peo
Po

o~

——

Kp

o SouLd

- The concentration of C(s), [C], is a constant, and is Wﬂ.

Points about Equilibrium Constants

1)

2)

K

The expression for K depends upon the chemical equation.

L\&L63 e \(%%3 — QAHI L&\

KP = (?H‘\ - R§5 ot ‘-\-é.loo(’_

GRIGA

If the equation is reversed, the K, expression is inverted - so the
K values are reciprocals of one another.

T :_a\ e A*Lg) LI Cg\
P = (ﬂPl'\e_B CP‘ e.\ _ _L_
(-P\.\\\l 59
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3) If the equation is halved, the K , expression becomes the square
root of the original. ~ Or if the equation is doubled, the K,
expression will be squared.

CURA RN AR 4)

KP - CP;-[‘\\ ., _ (55\ _\'
(Pu) R GR Y

4) For reactions added together, the K, is the
product of the K , expressions for each step.

) 50,(9) + ¥0.(g) = SO49) K, = 22

i) NO,(g) = NO(g) + 3UT,(9) K, = 40

add }\ and '\.\\ Yo c&L—* - -

iii) SO,(g) + NO,(9) = SOs(g) + NO(g)

K‘x‘\(e\ = ad X &0 = %.9%

» o)

Because: K3 = L\ 50\( ™o
(P<0,)(Pnoy)

“\:(?505 K _ ‘PNDS%"-

QT ok (PrO,)

This is sometimes called the "Rule of Multiple Equilibria”.

EXAMPLE of 4:
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Given the following equilibria:

1) N;(@ + O,(@ = 2NO(9 Kq=43x107%
2) NO,(@99 = NO() + 20,(9 K,=125x10""°
Calculate the value of K, for'BB N,@ + 20,(g9 = 2NO, (9)

BNa-} 0, = JNDO K, = %3 x 10793

B DRAL a0 + 0, = anNp, K=
a o d .
‘ . (l-?.'SMOéjl
0dd N, + 20, = ano,

-5

%
K. = K, X Ka = H3AXD »x )

3 -
(13580 )"

= 2.7134 O

\/W'N

5) The magnitude of the equilibrium constant is indicative of the
position of the equilibrium.......

If "K" is large (greater than 1), the equilibrium lies towards the
right, or the product side.

If "K" is small (less than 1), the equilibrium lies towards the left,
or the reactant side.

The Reaction Quotient, Q [MH5; 12.4]

-150-



 For any equilibrium: aA + bB <« c¢C + dD

we may write a Reaction 2\uoﬁenf, "Q":
c - st ke
Q- [O——l L.-b—j \ooks Yo
X 5 He €0 CONSHANT
L) LB

* If the concentrations (or pressures of gaseous species) of the

reactants and products are known, a numerical value for Q can be
calculated.

» Comparison of this numerical value for Q to the equilibrium constant,

K., gives us information about the direction of the reaction and the
position of the equilibrium.

For: H, (@) + I,(@ = 2HI(g)

K, = (PHI)? = 55 (af 426°C)
(P H,)(P I,)

H, (@ + I,(g = 2HI(9)

Before: 100 100 0 kPa
After: 20 20 a(w) € ois kgt
LY Awan %O (oo Cled
Before: Q = (O> = 0
(100 )(100)

Since Q < K, reactiongoes forward.
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after: Q= (10 O\l
(a0) (30Y

= b+

If Q > K, reaction goes in reverse direction.
. L0 cHon
(Dq' 7 g‘—b— ¢ ALVl S

If Q = K, thesystem is at equilibrium.

LE CHATELIER'S PRINCIPLE [MH5; 12.5]
+ "If a chemical system at equilibrium is disturbed by addition or
removal of a reactant or product, the equilibrium will shift in a way
e 2
to minimize the disturbance”. KP = ( VN \

- Consider the equilibrium:
(Pr ) CPu )3
Ny(g) + 3 H)g) = 2NHyg)

| stimn dries
éd:i'lllon of Hé(g) Causes: ot obN\\ A*du,q_ 2 ¥
- docese Ywe ““’“‘l' G{)

. Rem&Qal of NH:i(Q) causes: Ry ond Na
- 4 caech 4o oen wane WMy

* Not only can addition or removal of a reagent affect the position of
equilibrium, but also a change in pressure

ooooooo

Nyg) + 3 Hyg) = 2 NH;g)
k/g'\rvg \/‘\r\g)
L\ 11\()&1Lf5 Ek.VV\C“JLS

%ms %OU:
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* If the system is compressed: (srmatler VO‘UNL\

“RLssre TN LLslS _

- A:.d!--k.m s\\ib-\- 4o oH,w:\- JNC - RARULL
—:7'\'0 RIGHT ) arealtler 2 rnoys ’ ;. Pée Le e

. If the system is expanded: VO~ '\r\uﬂ-a-%&\

-Ruerumne L anes

- ,g,.d‘sluv\ sh'sb-(—‘a }o inctae Wu/\l_
=To leFT a(ea@; Fenoes | <. Pincusrses

. What about: Hig) + I(g) = 2HI
at abou \/(g)\’\_/(g) WQ)
A 6\ AmO‘

- Fos'\-\ri on O(LL o_%uui\'\ Lrictmn  nOt
&huc_.\e_d (S ,PJ_LSSUJQ d\u-?).%
A temperature change also affects the position of an equilibrium.....
* The change will affect the magnitude of the equilibrium constant.
* If areaction produces heat as it proceeds, K will decrease as the
temperature increases.

 If areaction requires heat to proceed, K will increase as the
temperature increases.
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