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Chemical equilibrium                                                  :ئي ي ي ل لات      
Chemical reactions divided into                         ل ئي  ي ي ل علا  ف ل سم   ت
1- Irreversible reaction: : سي للاع علا  ف                                            ل

A chemical reaction in which entire amount of the reactants is converted 

into products, it can be started from the reactant side only (i.e. only, the 

forward reaction takes place) and represented by a normal arrow ( ) so that 

the reactants are completely consumed in the reaction, such as: 

HCl + NaOH   NaCl + H2O 

علا   ف ل ي هي  عل ف ل ل  كي  لا ت ل س تج  يح في  ل ن ي  تح
أ من  عل ي ف ل ل  ح في مع م  ي بس ن ت ي ح  ت  ع ت في  ف ل ل 

. علا ل     ك في 

2- Reversible reaction: : سي لع علا  ف                                               ل

Is a reaction where the reactants form products, which react together 

to give the reactants back, it can be started from either side (i.e. the 

forward and backward reactions are in equilibrium) and represented by 

an equilibrium arrow (⇌) so that the reaction is never complete, such as: 

CH3COOH + NaOH  ⇌  CH3COONa + H2O 

عل   ف ل تج  ع حيث  ن ف ل ل  كي  لا ت ل س ي لايح في  ل علا  ف ل هي 
ن  ي هين  ت علا ت في  ف ل . ه  خ علا م  ف ل عل مع بع ل  ف ت

ل م  ي بس عل ت ف ل ل  .  في مع علا ل  ك في   

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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علا  ف ل م  ئي حيث مع ي ي ل ل  ل  ل ح ع  ي بس ئي ت ي ي ل يل  ح ل في في  ل
. ب سب ث تج ب ل علا  ف ل ج  ل في   ت ئيين  ي ي ح ل سب يس ل ف ب  ع ل

ق  ع ي ت لا ج ع ئي ب ي ي ل لات  ئي أ لا. يع عن  ي ي ل يل  ح سب ل عل م ف ل ك 
علا ب ف ل تجأكي  . ل لات بت  ي تس ث ي ع ئل ك س عل م ب في تف  

 

Theoretically, most of the reactions regarded as reveres reactions as 

shown in this simple reaction: 

A + B    ⇌   C + D 

V1 = k1 .CA. CB               V2 = k2 . CC . CD 

Rate of forward reaction         مي لام عل  ف ل ع   V1        س

Rate of backward reaction       في ل عل  ف ل ع   V2         س

                   Rate constant of forward reaction    مي لام عل  ف ل ع  بت س  K1   ث

                  Rate constant of backward reaction   في ل عل  ف ل ع  بت س  K2      ث

At start, the 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 in the rate constant of backward reaction, until reached the 

equilibrium, where the rate of both reactions become equals. 

ف ي ل في( مس ل سي ) لع عل  ف ل ع  ي ت س ل عل ف  ،في  ف ل ع ح 
في( لحين  ل سي ) لع عل  ف ل ع  ي في س ل  ه ي  ي  ل أ ب تج سي ل كي  ت

ل  ل  ل ح ص  س فيل سي( حيث ت لع في ) ل مي  لام ين  ع ف ل ع كلا   ،س
 : لاتي لعلاق  ضح في   ك م

at equilibrium:     V1 =  V2 ⇒⇒⇒  k1 .CA. CB   =  k2 . CC . CD 

 Ƙ =     k   k  =      .     .   

Such a state is known as equilibrium since there are no net changes in 

the concentrations of the reactant(s) and product(s). Although it looks like 

the reaction is stopped but it is continuous in both sides. 

ج  نه لاي ل  ل  ف ب ل تع لح علا ه  ف ل كي  غم تغي في ت ل تج. ع  ل
هين. لات نه مس في كلا  لا  قف  عل م ف ل نه ي    من 
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Chemical equilibrium is dynamic in nature and chemical constant (Ƙ) 

is presented as follows:   

Ƙ =  [  ][  ][  ][  ]     , where [  ] represent molar concentration. 

Kinds of chemical system:                                  ئي ي ي ل لأن    أن 
1- Homogeneous system                                                 نس ل ل    

Is a system in which all substances (reactants and products) are found 

in the same phase. 

لك: . م ع  ح تج( في   ن علا  ف ن )م ل يع  ل ت فيه ج ل   ه 

H2 (g) + I2 (g)  ⇌  2HI (g) 

     PCl5 (g)  ⇌  PCl3 (g) + Cl2 (g)   

2- Heterogeneous system                                              نس م لغي ل    
Is a system in which all substances (reactants and products) are found 

in two or more phases. The phases may be any combination of solid, 

liquid, or gas phases, and solutions. 

ل ت فيه  ل  علا له  تجف حك من في  ل ئل   ب ،)س (.غ أ ،ص  

CaO (s) + CO2 (g)  ⇌  CaCO3 (s) 

  AgCl (s)  ⇌  Ag+ (aq) + Cl- (aq)    

Where aq = aqueous ( ئي  ( م
Mass action law                                            ل ن فعل                 ق

An equilibrium shift brought about by changing the amount of one of 

the participating reactants or products is called a mass-action effect, this 

law also called as the general law of chemical equilibrium.  

 

The general equation of the chemical equilibrium is: 

mM  + nN  ⇌  pP  + qQ 

Capital letters represents the formula of participating chemical species 

and the small letters represent the numbers required for the equation 

balance (number of moles). 

یُطلق على  التوازن الناتج عن تغییر كمیة أحد المواد المتفاعلة أو المنتجات المشاركة تأثیر  الكتلة

https://www.boundless.com/chemistry/definition/system/
https://www.boundless.com/chemistry/definition/substance/
https://www.boundless.com/chemistry/definition/system/
https://www.boundless.com/chemistry/definition/substance/
https://www.boundless.com/chemistry/definition/gas/
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لات  ف ب نح ل  تج ي  ل علا   ف ل ء  كين س ل ح  ي من  ف  ك  ض
ل عل  ف م ل لع ل  ع ل . في  ل أثي فعل  ع ب ئيه م ي ي ي  ي ل ف  لح ي  ت

ب  ط ل ق  لا ل  ي  غي ف ل ف  لح م  ك  ل ف  ئي للاص ي ي ل يغ  ل ل 
.) لا ل ل ) ع  ع ل ن   ل

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 ( Ƙ ) 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.  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). 

لاق      (. تع  ح )ج ئي ب ل غط  ل ئ   ل ب  ي ل لا ل كي  ل كل عن 
يغ حب ل ل قم  ل ل  يس  فع  ن ي ل كي في  . ت ن ل ل  ع ل ف في   ل

بت  علا يس ث ف ل لي  صل ض فع ل ح تج  ل لي  تج ض فع صل قس ن ح
. لات بت  ف ب لاي يع بت  لحتع ث ج  . ع   

aA  + bB ⇌  cC  + dD 

 
Where: a: activity  لي لفع  

a = C. f                C: molar concentration, f: activity factor 

 

The value of (f) for diluted solution is approximately one and hence 

molar concentration is used instead of activity, and in gas reactions partial 

pressure is used instead of activity. 

 

لك نس ح ل ل فف ت من  ل ليل  ح ل لي في  لفع مل  لا   قي مع ل كي  ل
لي لفع لا من  لغ  ،ب ل  .م في ح لي لفع لا من  ئي ب ل غط  ل س  ف  
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Where P: partial pressure. 

Note:  

Kc or Kp are constant at certain temperature. 

 

Le Châtelier’s principle                      يه ت ع لي ش  ق
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. Le Châtelier’s principle states that 

the position of an equilibrium always shifts in such a direction as to 

relieve a stress that is applied to the system. 

م ف  ي ع نح ل  ل سي  مل  ، ف أ تغيي في قيم ع ل ت ل في ح
غي ل يل تأثي ه  ي ل ل في  لحفي  ج  مل هي  لع ه   . غط ،ي  ،ل

كي يب ،ل ل ي  عل في  ،ك ف ل جه ن  ً ي ئ ل  قع  يه أ م ت أ لي ش ص م لخ. ي
ل  ل ي للات  ه  .تأثي  

 

Factors affecting the reaction equilibrium    ؤثرة في اتزا التفاعل  العوامل ال
1- Temperature                                                  لح ج   

Reactions are of two types:  

Exothermic reaction: △H = (-) negative           ح عث ل عل ب  تف
Endothermic reaction: △H = (+) positive        ح عل م  ل  تف

For example: 
CO  + 2H2  ⇌  CH3OH         △H = - 92 KJ 

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

(to the left), 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. 
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ح  عث ل عل ب ف ل ن ه  مع ن لح  ج  ي  ليس ب عل نح  ف ل جه  ي
لات بت  لك ت قي ث ك ن  ي ل كي  ي ت ين  لي عل نح  ف ل ه  ف  ي ن ع 

لح .ج   

2- Pressure                                                           غط ل  

Pressure has a high effect on (K) value in gas phase reaction. 

Increasing the pressure will decrease the volume and direct the reaction 

to the direction that cause reduction in the system, reduction in total 

number of molecules.      
N2  + 3H2  ⇌  2NH3         م لح  تغي في 

علفي  ف ل ل  ه  غط ت  ل جي  عل يت ف ل ل من ه  ل ي لات  ي ب ل لع 
ي .ل  

3- Concentration                                                           كي ل  

K value depended on concentration of reactants and products. Using 

Le Châtelier’s principle one can predict the direction of the reaction. 
3I-  + 2Fe3+  ⇌  I3

-  + 2Fe2+ 

If one of the participant concentrations is changed then the system will 

search for equilibrium. Adding Fe2+ to the solution will direct the reaction 

to the left. 

ف ل كي  لات ع ت بت  ل تع قي ث ن  يه ي ت أ لي ش س م تج. ب ل علا 
. ليس عل نح  ف ل جه  ي سي لح ي  ف  ض علا  عل  ف ل عل ففي  ف ل ت   ب

4- Catalysts                                                                  ع س ل مل  لع  

Catalysts can increase the velocity of the reaction and decreases the 

time required for obtaining equilibrium but cannot change the 

concentrations or the equilibrium constant. 

لات ل لا تغي  ل  ص  للا ل من  ل ل من  ت علا  ف ل ع تس  س ل مل  لع
. لات بت  كي  ث ل  

5- Amount of solvents                                                        يب ل ي   ك

When the volume of the solvent increases, the reaction is directed to 

the direction where the number of molecules is bigger. 

من ك ل فيه ع  نب  ل ت  عل ب ف ل جه  يب ت ل ي  . ي ك ي ل  
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Solubility of precipitates                        سب ل ني  ب  

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 have a certain 
solubility and even insoluble materials means that the dissolved amount 
is very little. Water is the magic solvent and can dissolve salts, acids and 
bases, while other organic materials require organic solvents. 

ل  ي  ني ك ب ل ل  ت يب.  ل ء  ج ل بين  ء  ج ء  ف خ ن  ني ع  ب ل ف  تع
ل  تع ع ن  ج ح معي  يب ع  ل م معين من  ي ت في ح ل

ل ح  ني معي  ب ل ل  يع  يب. ج يل ل ئب م ق ل ي  ئ ف ك ل  غي 
لسحج يب  ل ء  ل ع  . يع  ل مض  لح  ، ي تح  للاملا لع ل  بي 

. ي ي ع ل م  

  Solubility product principle                                     ب لا صل  أ ح  م

When 0.1M of NaCl solution is mixed with 0.1M of AgNO3 solution, 
AgCl white precipitate is formed and it will be in equilibrium with Ag+ and 
Cl- ions in the solution. This solution is called saturated with AgCl precipitate. 

Ag+      +   Cl      ⇌     AgCl  

                                                                                                        precipitate (in solution)  سب  

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

لف  ي  بيض من ك سب  ي سي  ل ي  ك لف  لي ن  ع م مح
سب.  ل ع ب ل في مح م لف  ني  ي ل ت مع  في ه ل سي في ح

ع  ف ع م ف ل ن  لاي كي  صل ض ت ب تس ح لا صل  ع، قي ح ل ح  ل
كي ل  يس ع م .  ت ج ح معي ع  ن  ل ل  ع ل لاي في  لا 

ل  ب  نه قي ث غي   ن لا ي لاي كي ه  صل ض ت لا  ح غي  ن ق ي لاي
ب لح ث ج  ج  سب م ل  .  

AaBb    ⇌   aAb+    +   bBa- 

  Ksp (AaBb) = [Ab+]a [Ba-]b 
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Therefore  solubility  product  of  sparingly  soluble  salt  is  the 
multiplication yield of molar concentration of its ions in the solution raise 

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

From the above equation, one can see that the concentration of ions 
may be changed but multiplication yield of these ions is unchanged 
(constant) if the precipitate of the salt is present and the temperature is 
constant. In general: 

❖ [Ab+]a [Ba-]b  ≥ Ksp ⇒⇒⇒ precipitation occur   سب  ي 
❖ [Ab+]a [Ba-]b < Ksp  ⇒⇒⇒ precipitation not occur سب  لا ي 

 

Factors affecting the solubility of precipitates 

ؤثرة في ذوبانية الرواسب                                                                العوامل ال
Solubility is an 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. 

ل ل غسل  ج  لح ل ت  ي  سب ن ل ب  ي  سب ي لح ع   ع 
ي. سب ن لح ع  ئب  ل ص من   ل

Factors affecting the solubility of precipitate are: 
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. 

ل  ن  ي ل بين  ك من  ل  ن  ي ل بين  سب:  ك  ل يع 
ئب.  ح سي غي  ل يب ف  ل ي  ج  

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 
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solvents such as chloroform, alcohols are good solvents for organic salts 
(non polar compounds). 
لي ف  ي ع ط ل نت  .  ك لع بت  ث ي  ط ل ه  يب  يب: ه صف م ل ل يع 

كل  ني  ب لي  ل ب ي  يب سي ك ل ي  ج ل  ن  ي بت  ،بين  نس ل م ب
بت  قي ث لي  ي ع يب  قط ء ك ل ل.  ل سي ل ع سطح  لع ف  ف 

لع ي  ل ني في حين تع  لاي ك  ي ل ل ل  ف لي ف يع من  ي هي ع ع
لغي ك  ل ب  .  لانسب لا ي قط  

3- Temperature: Higher temperature means higher solubility; in water this 
solubility process in endothermic. 

ص  ي م ء هي ع ل ب في  لا ي  ني ك  ع ب ل ي من  ت ت ي  : لح ج 
. ح  ل

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. 

:  ك ه  ل لاي  ه تأثي  ه ي ل ع ن  ي ح  يب ه نفس  ل ي في 
لاي  ي لا يح ع  يب ن ني في م ب ل ن مع  ني م ب ل ل  ليس  ت عل نح  ف ل

. ل  

5- pH value: The concentration of hydrogen and hydroxide ions affect the 
acidity of the solution and hence the solubility of sparingly soluble solute. 

كسي ي ل جين  ي ل ن  ي كي  : ت ي م لح ل  ل ح  قي  ل ي  م ث ع ح ي
ب ل حيح  ل لاملا  ني  ب لي ع  ل . ب



[Type here] 
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