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Chemical Equilibrium
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At equilibrium:  rate forward = rate reverse
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Chemical Equilibrium (sl o) 359

Equilibrium, an analogy

Amount of water being pumped in =
Amount of water being pumped out
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2H; (g) + N2(g) = N2H4(9)




AlSas¥) e Ll 3 dia el ) V) Al

28T 6 e 5 pnouell Jle z Y 0 S ST gl e g Jelih calull slall i

O3S

H,O + CO— H; + CO,

G580 2T U Sl ae deli dum s el e o an il sill (e A8 A0S (5085 3 a0

05208 S J1 e 5 elall jlag 2l

H2+ C02 — H20+CO

Jelii UK 5 auall olaiWL Jelii s Lol olasi¥l 3 Jelii anl 5 gle 5 8 Cplelas llia ()] anid

Jeliide judal lagia

CAlelad) Mgl 585 gl Tk el Jelill de ju ladl Jaadl el g e
L Aalll a3 sal ) Tk eSall Jelall de o dosal) and Jlad)

Hearion
e

raz of A + B reacton fals with tme

time

Hearton
rRE

rREe of C + O eaction inceases with tme

tme




A ) Jelall Jua g 38 ()5S ouSall g Lol ol lail) de o L (o gl ) ddaalll &

OV Ry

Reaction
rae

the rates of the two
reactions bemme equal

ime

pnSall el Ay Wadie (5 gl Al AN o o)) 530 Allsa )

REeacton mtes

Equilibrizm

Revese
Ria

Forward rate = Reverse rate
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2802(g ) + 02(g 2SO3(g)
Slov@lvlodera Slow Moderate Slov@Modera Slov@%odera
Fast Fast Fast Fast
Forward rate Reverse rate Forward rate Reverse rate
at time zero at time zero after sometime  after some time

has passed has passed

At equilibrium
Slow Moderate Slow Moderate
0 Fast 0 Fast
Forward rate Reverse rate
2802 + 02—>ZSO3 2802+ 02(_2803
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A+B

C+D

Activated complex

Potential T
Energy

Reactant

A+B

Reaction pathway
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Ki /K= [C]°[D]Y/[A]*[B]°= Keq

® Keq = [C]’[D]"
[A]" [B]°

+ Keq = [Products]

[Reactants]

® [ ] - concentration of compound/element, usually in molarity

(moles/liter)



Or

The sguare brackets show
concentrations in mol dm-3,
equilibrium constant

\ ~ [4[[)] d Right-hand side of the

K

= -+— equation on top; left-hand
G 2rp1b sigle an the bottorm.
"c" shows that it
is in terns of
concentraton. The indices are the nurnbers
in front of each substance in
the chemical equaton.
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Interpreting K, values

Keq< 1073
Equilibrium lies far to left

(reaction only barely occurs).

At equilibrium, mostly
reactants are present:

—
—_— —=m

Reactants Products

At equilibrium

ForaA + bB 2 ¢cC + dD K-

K¢ between 1073 and 10°

At equilibrium, appreciable
amounts of both reactants
and products are present:

1.1

Reactants Products

At equilibrium

Keg> 10°

Equilibrium lies far to
right (toward completion).
At equilibrium, mostly
products are present:
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Reactants Products

At equilibrium

CIY

AP
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Start At equilibrium

/ N/ _

5 mol SO, 0.2156 mol S
3mol Oy Time 0.6078 mol O,
0 mol 803—‘ passes 4.7844 mol SO

_Reactants Product Reactants Product

~ [503]2 _ (47844 M)Z - 810.2
“@” [SO,P0,] ~ (02156 M)2(0.6078M)

N,(@) + O,(g) <==>2 NO(g)

Start At equilibrium
1 mol N, 0.980 mol N,
1 mOl 02 _— 0.980 mOI 02
2027°C 0.040 mol N OJ
Reactants Product Reactants Product
[NO]2 (0.040 M)2 .
e el M Y A ¢ 1O

eq [NL1[OS5] (0.980 M)(0.980M)
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Q = [orig. C]forig D] Ko = [eqC][egD]*
[orig. Al¥[orig B]® [eqA ] [eqB}®

Hz (9) + F2(9) = 2HF (g)
[HF],’
[HZ]O [FZ]O
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Reaction  Equilib- Reaction

forms rium forms
products reactants
(€55
| A w
(@s®
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Reactants —> Products Equilibrium: no net change Reactants <<— Products

1Q < Kqq shift o 11Q > Ky, shift to
right (toward product) left (toward reactant)
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Adding equation for reactions
S(s) + O,(g) ¥=S0,(9)

Ky =[S0O,] /[O,]
SO,(g) + 1/2 Oy(g) = S0O;(9)

K, =[SOg] / [SO,][0,] Y2

NET EQUATION
S(s) + 3/20,(g) &= S0O;(9)

[SO3]

——35 - Ki1*Kp
[02]3/2

Knet =
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Changing coefficients

S(s) + 3/20,(9) &= SO4(9)

_ [S03]
K (0,12

25(s) + 30,(g) &= 2S05(9)
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Changing direction

S(s) + 0,(g) = SO0,@9)
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[SO2]
[O2]

K=

SO,(Q) <= S(s) + O,9)

_ o221

Knhew = [O2] — L
[SO2] Kold
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When a stress is applied to a system at equilibrium

the system will adjust to relieve the stress
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Pressure
Volume
Temperature

Catalyst

Le Chatelier’s Principle

Change Equilibrium

Shift Equilibrium Constant
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The number of

Earﬁu:iea re presentec
y the area under this

IEEH of the curve con't

ave enough energy
number of o react.

particles

Cnly the number of
Earﬁdes represented
v the area under this
art of the curve have
igh enough energies
1o react.

Energy

activation energy
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Qriginally, only the
number of partides
repesented by the
area under this part of
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enough enemies o

number of reart.

parides MNow all these
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hawve enough
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well.
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Hydrogen ions can hit the outer layer of atoms . . .
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VWith the same number of atoms now spiitinto 1ots of
smaller kits, there are hardly any magnesium atoms
which the hydrogen ions can't get at.
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