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Reversible Reactiorss

A chemical reaction that results in an equilibrium mixture
of reactants and products.
For Example :

Energy
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Oxygen atom Oxygen molecule Ozone



Readiions

U Which proceed to completion in one direction only

U In which reactants are completely converted into
products in a certain interval of time
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Q . Find out reversible or Irreversible reaction in the
following reactions.

A. The formation and decomposition of ammonia
B. Neutralization between strong acid and strong base

Answers

A. The synthesis of ammonia from nitrogen and hydrogen is a reversible reaction
and by changing the temperature and pressure of the reacting gases you can
make the reaction go one way more than another,

Nyg) +3H,(0) =—= 2NHg)

ﬁ
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AEquilibrium is a state in which there are no observable
changes as time goes by.
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/ Chermical cquiithic oom
Chemical equilibrium Is achieved when:

£ the rates of the forward and reverse reactions are

equal and
£ the concentrations of the reactants and products
- Equal Rates
remain constant ———
—
Rate of Forward Y o

Reaction = Rate of
backward reaction B
kAl = k,[B] &
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RecognizirigtEpuiilibrium
To recognize equilibrium one must look for:
C Equal Rates in both forward and reverse reactions
C Constant Concentrations

ANe recognize equilibrium by observing a constant macroscopic
condition

C Look at constant Pressure, Volume, or Temperature
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Real Lite exanmnpk
A Real life example of equilibrium is the rate of people enterin
equal to the rate of people leaving..
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A Syste at Equilibriom

In a system at equilibrium, both the forward and reverse reactions are
being carried out; as a result, we write its equation with a double arrow

Once equilibrium is
achieved, the amount of
each reactant and product
remains constant.

Concentration

o

NO,

N,0Oy4

k—— Equilibrium

achieved

Time —
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Dyrmamic =quibibrium

The net result of a dynamic equilibrium is that no change
In the systemis evident.

Apply
Pressure

Pressureapppliebttotthessysiamat gqiliborimmcaysddtitdo
shift wniil laa new equillirinavessestablished.
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Condiltionshhad Appiy &l A0BEGhHibriGyssystems

U Equilibrium Is achieved In a reversible process when
the rates of opposing changes are equal.

U The observable properties of a system at equilibrium
are constant (color, pressure, concentration, and pH
level).

U Equilibrium can only be achieved in a closed system
A does not allow anything to escape or enter.

U Equilibrium can be approached from either direction
(left to right, or, right to left).
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/ Types of equilldyriom
X+ Solidl zLiguitdE0uyilibihuium

When a solid is heated it starts melting at a certain fixed temperature (melting
point). At this stage even when the heating is continued, the temperature does
not change until the whole of solid is converted into liquid. The state when
solid and liquid phases of a substance coexist is called sohtiquid equilibrium.
Solid-liquid equilibrium is described as,

Solid — = Lidusjd
Solution becomes
radioactive after
zome time
=

-1 L - .
l

Saturation
solution
of sugar

Radioactive
sugar added

Undissolved sugar Undissolved sugar
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X+ LiguiddzGas(Vapourr)Equiibhbinim
This represents an equilibrium state and can be represented as:
H20() —~——— H20(g)
At this stage, the system exhibits constancy in its pressure. Thus, at equilibrium,
Rate of evaporation = Rate of condensation

Vaccum Vapour Vapour
Tl f 1 2
t_.:-:-_:.EEE_:.EEE :1:T:1:T::+:£: _I_T_I-l__l_i
omeaE . - e mw:
(a) (b) | (<)

The conditions necessary for liquid gas equilibrium are:

A he system must be a closed system because the amount of matter must remai
constant.

A he system must be at constant temperature.
A he visible properties of the system must not change with time.



x Solidl z Gas (Vapouir)Equiidhtiam

ANhen substances get sublimated, the solid gets converted intvapour
without passing through the liquid phase.

ASublimation thus involves solid vapour equilibrium.

AOn cooling the vapours, the solid is given back. This equilibrium is obtained
In closed systems only.

AExamples of solidvapour equilibrium are, camphor, iodine, ammonium
chloride etc.

NH,Cl(5) =—= nNgl(g)



“~" % Equilbbitinrhdieeenca SPisl aharid its
Solutitrn

AThis can be illustrated when we add a small quantity of sugar to about 100 ml
of water at 273 K.

AThe sugar dissolves and if we add more sugar to this solution, it also
dissolves. Such a solution is said to be unsaturated.

AHowever, if we continue adding sugar to the same amount of water at same
temperature, a stage is reached when no more sugar appears to dissolve.
AAt this point the solution is said to be saturated because the concentration of

sugar in the solution becomes constant.
AThis indicates that a state of equilibrium has been reached between the
undissolved sugar and dissolved sugar

Sugar (imseluidn))) —=  SSygar (Solitl)

Rate of dissolution of sugar = Rate of precipitation of sugar from the solution
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Soluitdsn

AThis suggests that a state of equilibrium exists between the molecules in the
gaseous state and the molecules dissolved in the liquid.

AFor example, when carbon dioxide is dissolved in soda water, the following
equilibrium exists:

A R

CO,(gas) —= CGOmsolution) )



According to this law ,
Ghe rate of a chemical reaction isdirectly proportional  to

OEA Al

I AAT OOAOQEI

Consider the following reaction,

aA+ bB

According to law of mass action,

10 | £ OGEA OA

> Products

Rate of areactions [A]2[B]®
Rate of a reaction =k [A} [B]P

where k = rate constant



Q. Therate law forreaction A+ 2B ==
will be

(a) Rate = K[A][B] (b) Rate = K[A][28B]
(c) Rate = K[A][BE  (d) Rate = K [C][D]%[A][B] 2

Answer : (C)

Solution : :
According to law of mass action ,
rate of a reaction = K [A][B] 2
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Equilibriam_Ooastant

The equilibrium constant is a measure of extent to
which a reaction proceeds to completion.

£ For a general reaction

aA + bB(g) =—= pP +qQ

the equilibrium constant expression is

< [PIP[a[°
[AF[s]

where K. Is the equilibrium constant .




Further, if the reaction is a homogeneous gas phase
reaction then the molar concentration of a substance is
directly proportional to its partial pressure 'p' at constant
temperature.

In that case, the equilibrium constant is expressed In
terms of partial pressure of the reactants and products.
Such an equilibrium constant is denoted by K.

Then similar to the above equation one can write

.
= (b))




Predicting the direction of Reaction

- By looking at the constant you can see how great the
mixture of reactants or products are.

A Iff ky>>1 Equilibrium lies to the right
A Iffk, <<1 Equilibrium lies to the left
Alffk, =1 Equilibrium lies in the middle

K, o1

; %8 ;




~ Q. What will be the equilibrium constant for
the following reaction
N,O, () =—= 2NO,
Solution: :

Forward reaction:

N204 (g) 1/2 1/2‘ 2 N02 (g)

Rate law:
Rate =k; [N,O,]
Reverse reaction:
2NO, o ¥2%- NO4

Rate law
Rate =k, [NO,]?
Therefore, at equilibrium
Rate = Rate

ki [NJO4] =k, [NO,J*



Rewriting this, it becomes

L R

K [NzO,]

The ratio of the rate constants is a constant at that temperature, and the expression
becomes

ﬁ _[N02]2
= |k N0
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PV =nRT

P —V 3 RT =(molarconcentrabn)RT sothat

K, =K (RT)™ where
Dn, = (molesof gaseouproducts)
-(molesof gaseouseactants)
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/ QiThe equilibrium concentrations for the reaction

betweencarbon monoxide and molecularchlorine
to form COCI, (g) at 74°C are [CO] = 0.01M, [CI,]
= 0.054M, and [COCL] = 0.14M. Calculate the
equilibrium constantsK; and K.

Solutioni : co(g)+cL(g) =—=——=— cocl(g)

[COCI,]
_ : 0.14 -
Ke= [CO]ICI,] 0.012 x 0.054
K, = K(RT)™
Mh=1z2=-1 R=0.0821 T=273+74=347K

K, = 220 x (0.0821 x 347 7.7



Q. 2. The equilibrium constant K, for the reaction
2NO, () =—==—==2NO(9g)+0,(9)

IS 158 at 1000K. What is the equilibrium pressure of Qf the
Pvo = 0.400atm and Py = 0.270atm?

Solutiomn:: 2
e
p y
PN02
2
Pyo
2
POZ =Kp S
Puno

Py 2 =158 x (0.400%(0.270)? = 347atm



Things to Remember

=7 EAL OF I BBh CUMEDOAD 11O EAOA O 002
litres, or mol/I.

FrE A Bl AL ererA Gy O el G R
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«Pure liquids and solids are not included (this is in relation to the subscript
of each chemical compound, (I) and (s)).

«|f the coefficient (either a, b, c, d) is 1, do not write it as a superscript
number in the general equilibrium reaction formula, as it is understood to
already be there.

) £ OEAOA EO 111U Y POI AXoh TOA BO AN

B

«|f a problem states that products or reactants are initially a number, do
1170 OO0OA OEAOA 1 01 AADO TxE AN BPAANOMAA G

= O 000 F U 00A [ Ol AAROO xEALF EO
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Als computed using the current concentrations or pressures, not
the equilibrium ones.

ADenoted by

For the general reaction

aA(g) + bB(g) ==

= cC(g) +dD(g)

the reaction quotient at any time Is expressed as

Q = (PI)(Pp)Y (Pa)*(Pp)®

where p Is the partial pressure .



A

¥ Reaction Quotient and Equilibrium
Constant

Af Q < K_the reaction needs to proceed to
the right to achieve equilibrium

Af Q >K_the reaction needs to proceed td%
the left to achieve equilibrium

Af Q =K_the reaction is at equilibrium
Reactants — Products Reactants and products Reactants <— Products
are at equilibrium,

K, & Q

|' ® |'




Q. For the given reaction if Conc. at any time is given as &=
[NH 4] = 0.15M, [N] = .0020, [H,] = .10 , then find In
which direction the reaction will proceed ? If K= 100.

Solution: :
- (.15)2
(0.0020)(0.10j [NHs] = 0.15M, [ = .0020, [H = .10
=1.1 x 1¢*

Q < k.therefore the reaction will proceed to the right
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Write a balanced chemical equation.

AViake:surel that the reaction:is at equilibrium before:you write a
chemical equation

Write an equilibrium expression.

Ao write the expression, place the product concentrations in the
numerator and the reactant concentrations in the denominator.
AThe concentration of any solid or a pure liquid that takes part in

reaction is left out.
A-or a reaction occurring in agueous solution, water is omitted.
Complete the equilibrium expression.
El hal |y r a i coneenteaton o the povwes egualtocthe
SH S EAafle e ags ¢ @ge | e e T



Q. What is the equilibrium constant for the

following reaction ?

NH3(g) + H20() =— NH4+(aq) + OH (aq)

Solutiof
The equilibrium constant may be written as:

‘o N g ] [OFao |
FLJHH{aqﬂ PED{Iﬂ
By convention we write }J8] = constant so that,
M) ||OHeq)

[NHH (aq] ]

Equilibrium constant K =

The [HO] term is merged with the equilibrium constant



UnitoofEEgaitibrinoo0enstan
The unit of equilibrium constant (K) of a reaction depends

upon the number of moles of the reactants and products
iInvolved in the reaction.

Forageneralreacton A ————— X+Y+Z+ XXX
Equilibrium constant is,

_ [XIiYie]
[A]

S0, Units of K = ol L)[m?:gék/rﬂf M mal/L]

Then the unit of the equilibrium constant are given by, Umniitod KE=(abL)L) ™
Where, n =[Total number of moles of products] z
[Total number of moles of reactants]



Q. What will be the unit for the following reaction ?
Cro2™(aq) + Pb2+(aq]%PbCrD4[5]

Solutidn : Equilibrium constant for the above reaction is

[PbCrOa, “ }

1 SR IY
5- o MNowy, [Pbch4]= 1 SD.' K = Unit:mol =L
o | [Pb{aq)}

o ety

K =

Note::: Here [PbCrO,] is a solid , therefore there will be no use in equilibrium
expression , so [PbCrQ=1
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AThe equilibrium constant of a reaction in the reverse
reaction is the reciprocal of the equilibrium constant of
the forward reaction.

AThe equilibrium constant of a reaction that has been
multiplied by a number is the equilibrium constant
raised to a power that is equal to that number.

AThe equilibrium constant for a net reaction made up of
two or more steps is the product of the equilibrium
constants for the individual steps.



[NO 2

Ne s ~ 2 NO, K= TN =0212at10T ) '
" IN,O,/]
2 NO, (g= e NGO @ - N
=Z 72511000
Ex.2:
[NO,J2 o
INO .J4

2 N,O, (9= 4 NO, (9= [N0,7 =(0.212)at100C
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A Express the equilibrium concentrations of all species in
terms of the initial concentrations and a single unknown
X, which represents the change in concentration.

A Write the equilibrium constant expression in terms of
the equilibrium concentrations. Knowing the value of
the equilibrium constant, solve for x.

A Having solved forx, calculate the equilibrium
concentrations of all species.



Qi. A closed system initially containing 1.000 x 8 M
H,and 2.000 x 18 M I, .At 448 C is allowed to reach
equilibrium. Analysis of the equilibrium mixture shows
that the concentration of Hl is 1.87 x 18 M. Calculate K,

at 448 C for the reaction taking place, which is

. ZH

Hog tlhog =

Solution :
First You should write what is given in the problem and then
should go for solution step by step as follows .
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What Do We Know?

equilibrium

[Ho], M [12], M [HI], M
Initially 1.000x 107 2000 x 10 0
Change
At 1 87 x 10




M —

. [HI] Increases by 1.87 x 1M

[Ho], M [12], M [HI], M
Initially 1.000x 10 | 2000 x 10 0
3 3
Change 1 8 10
3
At 1.87 x 103
equilibrium
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Stoichiometrytells us [H] and [L] decrease by

half as much

[H], M [12], M [HI], M
Initially 1000 x102 2.000 x 1082 0
Change 935x10° -935x 101 | +1 8¢ x 102
At 1 87 x 103
equilibrium
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We can now calculate the equilibrium

O2YyOSYUNXuA2ya 27F |
[Ho], M [12], M [HI], M
Initially 1.000 x 10| 2.000 x 1073 0
Change -9.35x 104 | -9.35x 10% | +1.87 x 103
At G 10 O6F ) 10 87 i

equilibrium

{
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(1 5 [@
(6.5 x 16%)(1.065 x 16)

5l



~ PRG° and EquiilibrionCCosistant

G is the free energy change that accompanies eomplete
conversion of all reactants initially present to products i.e.the
standard reaction

but equilibrium may be reached when most of the reactants
have been converted to products, or when hardly any have been

Ehe free energy change that occurs with any other conc. or

pressures isDG (I.e. no superscript)

DG=DG’ + RTIn Q
at equilibrium, DG=0 and\ Q=K
0=DG’+ RTIn K (at equilibrium )

PGP = -RT Im K
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RG® K ProdicitFomaticion
<0 >1 products favored over reactants at equib .
= =1 at equilibrium [C] ¢[D] 9 ... = [A]¥B]P...
>0 <i reactants favored over products at equib .

G(reactants) fo——————— = B G(products)

PEC s Copadict s AG” = G*(products) —

G°(reactants) < 0

Q<K

E g
B b
kg ”n
> 7
z g
= '§
: :
2 = = — — — 5 G°(products) 2 G°(reactants)
- 3
e Q=K" | ) | N0=K
- -
=4 | EN I
g | § |
5 Equilibrium | 3 | Equilibrium
i position \= o L/, position
Pure Pure Pure Pure
reactants products reactants products
Extent of reaction Extent of reaction

DG < 0 BG®>0
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Q. Kf K = 1.8x16'°for AgCI. Calculate the yGP° at 25°C
In kd/m.

Solution :
yG°=-RTIn K

yGe= -(8.31JmMK) x (298 K) x In (1.8x109
yGo= -(2.48x1CGJ/m) x -22.44

yG° = +557x16J/m
yGo= 557x16J/m x 1kJ/1000J

= 55.7 kd/m



=" LE - CHATELER'S PRINCGIFLE

The general rule that can explain the effect of changes in these
parameters on the state of equilibrium was formulated byH.. Le
Chateliefr (18859),and F. Braum (1886) and is commonly called
as LeChatelier'sprinciple.

The principle may be stated as'if a system at equilibrium is
subjected to a change in one or more variables such as, pressure,
temperature, and/or concentration, then the equilibrium shifts

In such a way so as to undo the effect of the change'.

The LeChatelier'sprinciple is also called the'principle of mobile
equilibrium' . It is very useful in predicting qualitatively, the
effect of change in the reaction variables on a system at
equilibrium.



Factors
Cl Conecenirationn
ClVolumeranddPresstiiee
ClTemperaiunee

ClCatalyst
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aA + bB —— cC+dD

Change

Increase concentration of product(s)
Decrease concentration of product(s)
Increase concentration of reactant(s)

Decrease concentration of reactant(s)

a

A 4

Shifts the Equilibrium

left
right
right
left



For Example Consider the following

reaction
N, (9) + 3H, (9) 2NH; (9)
Equilibrium I

shifts left to Add
P R—
offset stress NH



