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Lecture 3

Chemical equilibrium

Chemical Reactions Divided into: 1) Aibiasl) cBle L) acadt
1- Irreversible Reactions: sdase ) coleldt) — 1

A chemical reaction that can occur in one direction reactions, so that

the reactants are completely consumed in the reaction and shown by

one arrow.

e laiall ol gall 380 5l 2l @gin) Lgd Caany g aal goladl & (5 a3 il cdleladl) a
Jelaill dabea (8 2 g agn Leliiad Sy 2l 63 () el

HCI + NaOH — NaCl + H,0O

2- Reversible Reactions: sApusal) e — 2

A chemical reaction that can occur in both directions (the forward
and backward directions), so that the reactants are incompletely
consumed in the reaction and shown by two arrows
Aleldiall o sall 380 51 A5 Mgl Lad aany Y g ualad) 8 s et il cle il a

Jeldill Aalee (4 Caagus Jiai
CH3;COOH + NaOHT——  CH;COONa + H,0

Most of the reactions that are useful for chemical analysis
proceed rapidly to a state of chemical equilibrium in which reactants
and products exist in constant ratios. The knowledge of this ratio
permits the chemists to decide whether the reaction is suitable for
chemical analysis or not. Equilibrium constant expressions are
algebraic equations that relate to the concentrations of reactants or
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products .in a chemical reaction to one another in means of numerical
quantity called equilibrium constant.
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Most of the reactions theoretically regarded as reveres reactions

Let's take this simple Reaction:
A+B T— C+D
V]_: kl .CA. CB V2: kg. Cc. CD

Rate of forward reaction  ¢ake¥) Jelill) ds ju =/,

Rate of backward reaction .Als Jelill de yu =V,

Rate Constant of forward reaction  ..<l¥l Jeldll) de o el = k;
Rate Constant of backward reaction . Al Jelil) de yu el = k,
Molar Concentration of: A,B,C,D ¢ JS8 4 ¥ sal) 38158 = Ca gy

These double arrows refer to the reverse reaction At start, Rate of
backward reaction equal zero, and when the reaction occur the
concentration of C and D will increase, that's lead to an increase the
Rate Constant of backward reaction, until reached the Equilibrium, the
rate of both reactions become equals.
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V) ARy pram g LS ¢((mSall) i) 5 e
ki.Ca X Cg =k, Cc X Cp o ae  at Equilibrium

kl CC X Cp

kg CaXCp
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At this point the reaction is called in equilibrium and no changes can
be detected at this point in the system. Although it looks like the
reaction is stopped but it is continuous in both sides.
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Chemical equilibrium is dynamic in nature and chemical constant
(K) is presented as follows :

K=—F——
[ ]=Concentration

Kinds of chemical equilibrium oSl Gl 5N) £ 6l

1- Homogeneous system :  (iladiall aUaill

This system occur in one phase of reactants and product
2l g sl A AUl 3 gall g delinall af gall o 58
Ha (9) + 12 (9) == 2HI (9)
PCls (9) —=PCls (9) +Cl; (g)
2- Heterogeneous system : ilaie jull aUaill
This system occur in more than one phase of reactants and products.
2l sk e ST 8 Al ol gall 5 dleliiall o gall ) 55
CaO (s) +CO, (g) = CaCO;s (5)

AgCl (s) =— Ag" +CI" in solution

Mass action law: s ALY Jad oy oild




This law is called also general law of chemical equilibrium. An
equilibrium shift is brought about by changing the amount of one of
the participants is called mass action effect .in the reverse reaction in
their generalized equation .

mM +nN ———— pP +qQ

Capital letters represents formula of participating chemical
species and the small letters represent the numbers required for the
equation balance.
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The approximate chemical equilibrium (equilibrium constant K)
for this reaction is :

_ PP [Qff
K= 11 &
[M]™ [N]®

Brackets represent molar concentration of dissolved solutes or
partial pressure in atmosphere. Equilibrium constant (K) is a
temperature dependent value. Each concentration is raised to the
power that is identical integer that accompanies the formula of the
species in the balanced equation .In reverse reactions the multiply
yield of the activities of the products divided by the multiply yield of
the reactants at certain temperature gives a constant value called
equilibrium constant (K).
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aA+bB —— cC+dD
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aC® ap4 C
K= aA2 aBb '’ Ke = {A]]a [B]P
Activities of, a C, a DY, aA®
Molar concentrationsof [C]°, [D]°| , [A)°
a=c.f
a = activity allxdl)
¢ = molar concentration ¥ sell .S il
f = activity factor el Jalas

The value of f at diluted solution is approximately one and hence
molar concentration is used instead of activity, also in gas reactions
partial pressure is used instead of activity.

oY sall S5l andiing 1315 aal 5 (e oy Aaddal) Jalladdl 8 3 dledll Jelae Gagd ()
Adladll e Yay el dascall andind 3 ) cole il Al Ll dledll (e Yoy

Pc¢ . pDd
Kp = b

PA2 . PB b c §
Partial pressures of P,*, Pg” P¢-, Pp

Kc or Kp is constant at certain temperature.

LECHATELIERS PRINCIPLE AliLél Sacld

When the system in equilibrium any change in the values of
equilibrium factors lead to a deviation in the system in a way to
decrease the effect of this change. These factors are temperature,
pressure , concentration , amount of solvent etc ....

When the system is subjected to such potential it direct the reaction
toward the side decreases the effect of this potential .
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Factors affecting the reaction equilibrium
Jeliall o) 550 (38 5 sl Jal sl

1- Temperature : 5 )yl 4a

Reactions are of two types

Exothermic endothermic
'6)\);13 ALK:L\ SJ\JJ UALA
AH=(-) negative AH=(+) positive

CO +2H, =——= CHyOH AH=-92K]J
This reaction is exothermic (to the left ) and of course endothermic
(to the right ) . forward reaction is exothermic and backward reaction
Is endothermic .when temperature increased the reaction proceed to
left thus methanol concentration increases with decreasing
temperature and K value increases also .

\.@JL».AS.\&AJDJ\)AMJ\AJJOJ\TJ} Jw\ J;_ad.cls.ﬂ\ 4;).1.1)1:)\);”&_&91_1 Jelatl) 12
)l R 2 355 sl 358 63 35 el s il any

2- Pressure bzl

Pressure has the high effect on ( K) value in gas phase reaction.
Increasing the pressure will decrease the volume and direct the
reaction to the direction which cause reduction in the system reduction
in total number of molecules.

T~

N, + 3H, —— 2NH; @;AJ\ S
S 222l (e Jlay (A oladWL Jelail) a8 aaal) Jalas ) g0 58 darazall 30L 5
3- Concentration xS il
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K value depended on concentration of reactions and products.
Using lechatle principle one can predict the direction of the reaction.
3l +2Fe ¥ —= I +2Fe?*

If one of the participant concentrations is changed then the system
will search for equilibrium .Adding Fe®" to the solution will direct the
reaction to the left.

O Al oo f Jelail) b g ol gill g cOleliiall 38 55 e ) 3Y) s A aaind
Al ae 8 a5 L) ga Je Ll 4a gy ) snaad)
4- Catalysts sacluall Jal g2l

Catalysts can increase the velocity of the reaction and decreases
the time required for obtaining equilibrium .but can not change
equilibrium concentrations or constant.

88 LS ) 33 ) e sl 53U (3 (e 5 Dl il gyt 320 Lsall Jal
O el 5

5- Amount of solvent <l 4uS

When the volume of the solvent increases the reaction is directed
to the direction was the number of molecules is bigger.

 Clisall e L) s (5 siad ) deall olatly Jelitl an 55 Cuial) dueS 3L

SOLUBILITY OF PRECIPITATES

Gl 5l Al 50

Solubility is defined as the disappearing of atoms or molecules
or ions of solute in solvent atoms or molecules. it is the amount of
solute that dissolves in certain volume of solvent at certain
temperature. Solubility depends on type of solvent and type of solute.
All materials has certain solubility and even insoluble materials means
the amount dissolved is very little. Water is the magic solvent and can
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dissolve solute, acids and bases , some other organic materials require
organic solvents.
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SOLUBILITY PRODUCT PRINCIPLE
LW Suala lasa

When 0.1M of NaCl solution is mixed with 0.1M of AgNO;
solution, AgCI white precipitate is formed and will be in equilibrium
with Ag™and Cl ions in the solution. This solution is called saturated
with AgCl precipitate.

Ag"+ CI" = AgCl | precipitate (in solution) <!

In this saturated solution the multiplication yield of [Ag] and [CI]
IS constant at certain temperature. This constant value is called
solubility product.

258 e Gl al ) O 5Sh o g3 geall 2 IS g dadll @l il glaa o e die
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A,B, ——— aA" ., bB*

Ksp(A:Bp) =[AP+]2[B27]P

Therefore solubility product of sparingly soluble salt is the
multiplication yield of molar concentration of the ions in the solution

8
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to the power of number of ions in the chemical equilibrium equation
for the saturated solution .

From the above equations one can see that the concentration of
ions may be changed but multiply yield of these ions is unchanged
(constant) if the precipitate of the salt is present and the temperature is
constant .

1- When [A ]2[B]® > ksp precipitation occur <l i) ¢ 5Siy
2- When [A ]?[B]® < ksp precipitation not occur <l i ¢S Y

Factors affecting the solubility of precipitates

ol g 1) Al g3 (85 Sfigall Jal g2l

Solubility is important factor in gravimetric analysis which requires
pure material. This means there is a need for washing the precipitate
to remove impurities and obtain pure precipitate .

gl Jue ) Aalall 5 13¢5 (A canl J 058 o) ag il (e J gaall die
Ll o Jganll s il il e palaill
1 - Nature of the precipitate: If the attraction between solvent

molecules and solute ions is higher than that between solute ions in
the crystal then the salt is soluble.

5 lall Al gl i leia HaS) Qldal) Gl gl QAN IS 1)l ) danla
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2 - Nature of solvent: Two properties of the solvent affecting the
solubility of the solute, these are polarity and dielectric value . Solvent
of more polarity means more attraction between solute ions and
solvent molecules. The attraction at crystal surface decreases with
higher electric constant of the solvent. Water as with high polarity
and dielectric constant value is a good solvent for nearly all inorganic

9
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ionic salts .Organic solvents such as chloroform, alcohols are good
solvents for organic salts (non polar compounds) .
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3 - Temperature : Higher temperature means higher solubility ; in
water this solubility process in endothermic.

ol Alee oLl b 031 e (o LS Al 0 (e 55 s 5+ 5 i
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AB"‘EJ\)AvA-F + B

4 - Common ion effect: The ion that forms the precipitate is the
common ion if the solvent contain these common ions. The solubility
of the salts decreases compared with pure solvents. Other un common
ions increases the solubility.
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5 - pH value :The concentration of hydrogen ion and hydroxide ions
affect the acidity of the solution and hence the solubility of sparingly
soluble solute.
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