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Chemical Reactions Divided into:
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1- Irreversible Reactions:

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.
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HCIl + NaOH --— NaCl + H.0
2- Reversible Reactions:

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.
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CH3;COOH + NaOH

CH3COONa + H2O

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 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 .
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Let's take this simple reaction;
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aA + bB cC +dD
Vi=ki1.Ca.Csg V2= k2. Cc. Cp
V1= Rate of forward reaction Y Je il de yu =V
V2 = Rate of backward reaction ALY Jelidl) ds i =V,
Ki= Rate Constant of forward reaction Y Jelil) de juw el =Ky
K > = Rate Constant of backward reaction AR Jelil) de o culi =K
Molar Concentration of: A,B,C,D AB,CD e d 4 ¥ gall 3818 Cagep

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.
Ol 3 il Jeléil) &gan die 5 jeall 4 gl (A aSadl Jeliill de o o oS5 ¢ 4lall 8

Jgmasl) (aal (AR uiSall Jeléill de B304 g2 13853305 A Tasi (3¢ ) e IS 38058
A1 AR (e rm g LS5 AR5 elaY) Jelal (e JS e jus L (o lai 315 )3l Alla )

at Equilibrium; Vi=V2==  ki.Ca . Ce=k2.Cc . Cp

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 : [ ]=Concentration

K=ki/ ko
[C] [D]
K=—"—"-
[A] [B]
Kinds of chemical equilibrium el ol Y £ 6l

1- Homogeneous system

This system occur in one phase of reactants and products .
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H2 (9) + 12 (9) 2H1 (9)
PCls (9) PCls (g) +Cl2 (9)

2- Heterogeneous system :

This system occur in more than one phase of reactants and
products .
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(Where ag= aqueous)

CaO (s) +CO: (9)

CaCOs (s)

AgCI (s) AQ"@g) + Cl (ag)
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Mass action law

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 reactants or products is called mass action effect , in the
reverse reaction in their generalized equation .
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mM + nN pP +qQ

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

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
aCaD? [C]¢[D]¢
K=—— |, Kc=——"-
aA%aBb [A]¢[B]?
a=c.fa= activity ddladll = g
¢ = molar concentration gl JS ill= ¢
f = activity factor dlladl) Jalaa = f

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.
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P pAe. PBb

Partial pressures of Pa?, Pg® Pc¢, Pp? (4 L saui)

Kc or Kp is constant at certain temperature. (i 4y~ 4x )3 die Cul §)

L_echateliers Prenciple

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 ,
amont of solvent etc...
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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
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1- Temperature

Reaction are two types ;-  (pe s Jelaill
Exothemic (3,)_all Cel)(@ilelite ¢ bl « L) AH=( -) negative
Endothermic (3,)_all pale)( &) 58 ¢ A ¢ (s ) AH=( +) positive
For example;

CO +2H, =— CH3OH AH=-92KJ

This reaction is exothermic (to the left) and of course endothermic (to the

right) . Forward reaction

Is exothermic and backward reaction is when

temperature increased the reaction proceed to left thus methanol
concentration increases with decreasing temperature and K value increases

also.
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2- Pressure

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.
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2N> + 3H, —— 2NH3
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3- Concentration

The K value depended on concentration of reactions and products .
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Using le Chatliers principle one can predict the direction of the reaction.
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3"+ 2Fe 3% —— I3+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.
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4- Catalysts

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

When the volume of the solvent increases the reaction is directed to
the direction was the number of molecules is bigger.
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Types of chemical equilibrium constants:

# Solubility product constant (Ksp) (&3 Juala culh)
#lon — product constant of water (Ku)(Stel! ¢pldl <)

# Dissociation constant of weak acid or base (Ka) or (Kp)( uaelsal) dsés el
ddamal) 3o g8l g

# Oxidation / reduction constant ( Kredox)

# Complex ion formation constant ( f8)

Solubility of precipitates
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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 dissolve
solute, acids and bases , some other organic materials require
organic solvents.
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Solubility product principle
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When 0.1M of NaCl solution is mixed with 0.1M of AgNOs3 solution,
AgCl white precipitate is formed and will be in equilibrium with Ag*and
Cl ions in the solution. This solution is called saturated with AgCI
precipitate.
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Ag"+ Cl'==—== 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 constant (Ksp) (or the solubility product).

Therefore solubility product of sparingly soluble salt is the
multiplication yield of molar concentration of the ions in the solution to
the power equals the number of ions moles in the chemical equilibrium
equation for the saturated solution.
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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 .

Lo A5 4 (o) uati Y U 0¥ o3 380 55 juia Jaals (G YT ey 08 L 0¥ S 55 )
_r\:\g\_\:"é‘)“);j\:\;)djdﬁ}qgu\‘)j\e\d



College of Ibn Al-Haitham (Analytical Chemistry) Department of Chemistry
Lecture 3

Consider the general equation for a chemical equilibrium of sparingly
soluble salt ( AsBy) ;-

AaBb aAP* + bB¥

Ksp (AaBp) = [AP*][B2-]°

1- When [A Ja[B]> > ksp precipitation occur (<« o5Sh)
2- When [A ]23[B]P < ksp precipitation not occur (<« oS V)

Factors affecting the solubility of precipitates
ol g 1) Ay 03 (B B gl Jal gal)

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 .
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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.
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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 ionic salts .Organic solvents such as
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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 .
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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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