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Chemical equilibrium

                 :Chemical Reactions Divided into:حقسى انخفاعلاث انكًٍٍائٍت انى

                 

                                  :Irreversible Reactions  -1:عكسٍتلاانخفاعلاث ال – 1

          

2-  Reversible 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.  

اعزٓلاك ربو نزشاكٛض انًٕاد انًزفبػهخ رغبِ ٔاؽذ ٔٚؾذس فٛٓب اْٙ انزفبػلاد انزٙ رغش٘ فٙ 

 . ًٔٚكٍ رًضٛهٓب ثغٓى ٔاؽذ فٙ يؼبدنخ انزفبػم.ٔرؾٕٚهٓب إنٗ َٕارظ

HCl + NaOH                NaCl + H2O 

 :انخفاعلاث انعكسٍت – 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 

 .اعزٓلاك ربو نزشاكٛض انًٕاد انًزفبػهخْٙ انزفبػلاد انزٙ رغش٘ فٙ ارغبٍْٛٛ ٔلا ٚؾذس فٛٓب

 .ٔرًضم ثغًٍٓٛ فٙ يؼبدنخ انزفبػم

CH3COOH + 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 
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products .in a chemical reaction to one another in means of numerical 

quantity called equilibrium constant. 

يؼظى انزفبػلاد انًفٛذح فٙ انزؾهٛم رؼًم عشٚؼب ػهٗ رؾقٛق الارضاٌ انكًٛٛبئٙ ؽٛش رزٕاعذ 

ٚؼجش ػٍ الارضاٌ انكًٛٛبئٙ ثًؼبدلاد عجشٚخ رزؼهق . انًزفبػلاد ٔانُٕارظ ثُغت يؼُٛخ

 .ثزشاكٛض انًزفبػلاد ٔانُٕارظ فٙ رفبػم يب يغ ثؼضٓب ثأعهٕة ػذد٘ ٚغًٗ صبثذ الارضاٌ

    Most of the reactions theoretically regarded as reveres reactions

Let's  take this simple Reaction: 

    A + B                     C + D 

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

V1  = ي    سرعت انخفاعم الاياوRate of forward reaction 

V2  = ًسرعت انخفاعم انخهف.Rate of backward reaction  

k1 =ًثابج سرعت انخفاعم الاياي .Rate Constant of forward reaction        

k2 =ًثابج سرعت انخفاعم انخهف .Rate Constant of backward reaction        

 CA,B,C,D=  ٍانخراكٍز انًولارٌت نكم يMolar Concentration of: A,B,C,D 

  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.       

ٔػُذ ؽذٔس انزفبػم . يغبٔٚخ نهظفش (انخهفٙ)فٙ انجذاٚخ، ركٌٕ عشػخ انزفبػم انؼكغٙ      

 رجذأ فٙ انضٚبدح ْٔزا ٚؤد٘ انٗ صٚبدح فٙ عشػخ انزفبػم C ٔ Dيجبششح فأٌ رشاكٛض كم يٍ 

نؾٍٛ انٕطٕل انٗ ؽبنخ انزٕاصٌ ٔانزٙ رزغبٖٔ فٛٓب عشػزٙ كم يٍ انفبػم   (انخهفٙ)انؼكغٙ

: ، ٔكًب يٕضؼ يٍ انؼلاقخ الارٛخ(انؼكغٙ)الايبيٙ ٔانخهفٙ

k1 . CA   x  CB = k2. CC  x  CD                  ٌعُد الأحزا        at Equilibrium      

     

               k1                       CC x CD 

K =                          =                           

                k2                      CA x CB 
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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. 

ػُذ انزٕاصٌ ركٌٕ عشػخ انزفبػم يزغبٔٚخ ثبلارغبٍْٛ ٔثبنزبنٙ لا ُٚزٓٙ انزفبػم ٔػهٗ انشغى 

 .يٍ اَّ ٚجذٔ ٔكأٌ انزفبػم يزٕقف إلا إٌ انزفبػم يغزًش ثبلارغبٍْٛ 

       Chemical equilibrium is dynamic in nature and chemical constant 

(k) is presented as follows :

 

 

[  ]=Concentration 

Kinds of chemical equilibrium                    أَواع الاحزاٌ انكًٍٍائً

1- Homogeneous system :  انُظبو انًزغبَظ 

This system occur in one phase of reactants and product  

ركٌٕ انًٕاد انًزفبػهخ ٔانًٕاد انُبرغخ فٙ طٕس ٔاؽذ 

H2 (g) + I2 (g)           2HI (g) 

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

2- Heterogeneous system :انُظبو انغٛش يزغبَظ 

This system occur in more than one phase of reactants and products.  

 ركٌٕ انًٕاد انًزفبػهخ ٔانًٕاد انُبرغخ فٙ أكضش يٍ طٕس ٔاؽذ 

CaCO3 (s)              CaO (s) +CO2 (g)

Ag
+
 +Cl

-
  in solution  AgCl (s)  

 :Mass action law:                                                 قاَوٌ فعم انكخهت

𝐊 =
    𝐂    𝐃    

 𝐀   [𝐁]
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       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. 

ٚؤد٘ إنٗ اَؾشاف  (انًزفبػلاد أٔ انُٕارظ )إضبفخ أ٘ كًٛخ يٍ اؽذ انًغبًٍْٛ  فٙ انزفبػم 

ثبلارضاٌ ٔٚغًٗ ْزا ثزأصٛش فؼم انكزهخ انؾشٔف انكجٛشح رشٛش إنٗ طٛغ انًغبًْبد انكًٛٛبئٛخ 

. أيب انؾشٔف انظغٛشح فزشٛش إنٗ الأسقبو انلاصيخ نًٕاصَخ انًؼبنخ

     The approximate chemical equilibrium (equilibrium constant K) 

for this reaction is : 

K =    
 [𝐏]𝐩  [𝐐]𝐪

[𝐌]𝐦 [𝐍]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). 

رؼجش الأقٕاط ػٍ انزشاكٛض انًٕلاسٚخ  نلأيلاػ انزائجخ أٔ انضغظ انغضئٙ ثٕؽذاد ضغظ 

ٚشفغ كم رشكٛض إنٗ أطُ ٚغبٔ٘ انشقى .عٕ٘ اٌ قًٛخ صبثذ الارضاٌ رؼزًذ ػهٗ دسعخ انؾشاسح 

ؽبطم قغًخ َبرظ ضشة فؼبنٛخ انُٕارظ . انًظبؽت نظٛغخ الأطُبف فٙ انًؼبدنخ انًزٕاصَخ 

 .ػهٗ ؽبطم ضشة فؼبنٛخ انًزفبػلاد رغبٔ٘ قًٛخ صبثذ الارضاٌ

aA + bB   cC +dD 
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K  =   
𝐚𝐂𝐜   𝐚𝐃𝐝

𝐚𝐀𝐚   𝐚𝐁𝐛    , 𝐊𝐜 =
[𝐂]𝐜   [𝐃]𝐝

[𝐀]𝐚   [𝐁]𝐛
    

Activities of, a CC, a Dd, aAa
 

Molar concentrationsof [C]C, [D]d , [A]a
 

a = c . f 

a = activity  انفؼبنٛخ 

c = molar concentration  ٘انزشكٛض انًٕلاس 

f = activity factor انفؼبنٛخ يؼبيم   

     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. 

اٌ قًٛخ يؼبيم انفؼبنٛخ فٙ انًؾبنٛم انًخففخ رقزشة يٍ ٔاؽذ ٔنزا ٚغزخذو انزشكٛض انًٕلاس٘ 

.ثذٜ يٍ انفؼبنٛخ، ايب فٙ ؽبنخ انزفبػلاد انغبصٚخ فٛغزخذو انضغظ انغضئٙ ثذلاً ػٍ انفؼبنٛخ

 Kp = 
   𝐏𝐜𝐜    .   𝐏𝐃𝐝  

𝐏𝐀𝐚   .    𝐏𝐁𝐛   

Partial pressures of PA
a , PB

b  PC
C , PD

d 

Kc or Kp is constant at certain temperature. 

Lechateliers  Principle                 قاعدة نٍشاحهٍه 

      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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ػُذيب ٚكٌٕ انُظبو فٙ ؽبنخ رٕاصٌ فبٌ رغهٛظ عٓذ ثزغٛٛش فٙ ػٕايم الارضاٌ كذسعخ 

انؾشاسح أٔ انضغظ أ انزشكٛض أ كًٛخ انًزٚت ٕٚعّ َظبو انزفبػم ثبلارغبِ انز٘ ٚقهم يٍ 

 .رأصٛش ْزا انغٓذ

Factors affecting the reaction equilibrium 

 انؼٕايم انًؤصشح فٙ ارضاٌ انزفبػم

1- Temperature :  دسعخ انؾشاسح 

Reactions are of two types  

Exothermic                                  endothermic 

 يبص نهؾشاسح                                    ثبػش نهؾشاسح

H=(+) positive∆                         H=(-) negative ∆

   CH3OH      ∆H= -
 
92 KJ                CO +2H2 

     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 .   

ْزا انزفبػم ثبػش نهؾشاسح ٔٚزٕعّ انزفبػم َؾٕ انٛغبس ثضٚبدح دسعخ انؾشاسح ٔيغ َقظبَٓب 

 .ٚزغّ انزفبػم َؾٕ انًٍٛٛ ٔٚضداد رشكٛض انًٛضبَٕل ٔرضداد قًٛخ صبثذ الارضاٌ 

2- Pressure انضغظ 

         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. 

N2 + 3H2 2NH3 فٙ انؾغى رغٛش  

صٚبدح انضغظ رؤد٘ إنٗ رقهٛم انؾغى رٕعّٛ انزفبػم ثبلارغبِ انز٘ ٚقهم يٍ انؼذد انكهٙ 

 .نهغضٚئبد

3- Concentration انزشكٛض 
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        K value depended on concentration of reactions and products. 

Using lechatle principle one can predict the direction of the reaction. 

3I
-
 + 2Fe 

3+
   I

-
3 +2Fe

2+ 
 

       If one of the participant concentrations is changed then the system 

will search for equilibrium .Adding Fe
2+ 

to the solution will direct the 

reaction to the left. 

رؼزًذ قًٛخ صبثذ الارضاٌ ػهٗ رشكٛض انًزفبػلاد ٔانُٕارظ ٔفٙ انزفبػم أػلاِ إضبفخ إٌٚ 

 .انؾذٚذٔص ٕٚعّ انزفبػم َؾٕ انٛغبس ٔؽغت قبػذح نٛشبرهّٛ 

4- Catalysts  انؼٕايم انًغبػذح 

         Catalysts can increase the velocity of the reaction and decreases 

the time required for obtaining equilibrium .but can not change 

equilibrium concentrations or constant. 

انؼٕايم انًغبػذح رغشع انزفبػلاد ٔرقهم يٍ انضيٍ انلاصو نهٕطٕل إنٗ الارضاٌ نكُٓب لارغُٛش 

 .رشكٛض أٔ صبثذ الارضاٌ 

5- Amount of solvent  كًٛخ انًزٚت 

        When the volume of the solvent increases the reaction is directed 

to the direction was the number of molecules is bigger. 

.صٚبدح كًٛخ انًزٚت رٕعّ انزفبػم ثبرغبِ انغٓخ انزٙ رؾزٕ٘ ػذد اكجش يٍ انغضٚئبد    
 
   

Solubility of precipitates

 رٔثبَٛخ انشٔاعت

         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. 

رؼشف انزٔثبَٛخ ػهٗ إَٓب اخزفبء أعضاء انًزاة ثٍٛ أعضاء انًزٚت ْٔٙ كًٛخ انًبدح انزٙ 

رؼزًذ انزٔثبَٛخ ػهٗ َٕع انًزاة .رزٔة فٙ ؽغى يؼٍٛ يٍ انًزٚت ػُذ دسعخ ؽشاسح يؼُٛخ 

َٕٔع انًزٚت ٔكم انًٕاد ػًٕيب رزٔة إنٗ ؽذ يؼٍٛ ٔؽزٗ انًٕاد انغٛش رائجخ فأٌ كًٛخ 

انًبء يزٚت عؾش٘ نلأيلاػ ٔانؾٕايض ٔانقٕاػذ فٙ ؽٍٛ ثؼض .انًزاة يُٓب قهٛم عذاً 

 .انًٕاد انؼضٕٚخ رؾزبط إنٗ يزٚجبد ػضٕٚخ 

Solubility product principle

 يبدأ حاصم الاذابت

       When 0.1M of NaCl solution is mixed with 0.1M of AgNO3 

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 AgCl precipitate. 

Ag
+ 

+ Cl
- 

AgCl ↓ precipitate (in solution) ساعت 

      In this saturated solution the multiplication yield of [Ag] and [Cl] 

is constant at certain temperature. This constant value is called 

solubility product. 

 

ػُذ يضط يؾهٕنٍٛ نُزشاد انفضخ ٔ كهٕسٚذ انظٕدٕٚو ٚزكٌٕ ساعت اثٛض يٍ كهٕسٚذ 

انفضخ ٔانز٘ ٚكٌٕ فٙ ؽبنخ رٕاصٌ يغ إَٚٙ انفضخ ٔ انكهٕس فٙ يؾهٕل يشجغ ثبنشاعت 

قًٛخ ؽبطم الإراثخ رغبٔ٘ ؽبطم ضشة رشاكٛض الإَٚبد انًزفبػهخ يشفٕػخ إنٗ أطُ .

إٌ . ػذد الإَٚبد فٙ انًؼبدنخ انًزٕاصَخ ػُذ دسعخ ؽشاسح يؼُٛخ نهًؾبنٛم انًشجؼخ ٚغبٔ٘ 

رشكٛض الإَٚبد قذ ٚزغٛش إلا إٌ ؽبطم ضشة رشاكٛض ْزِ الإَٚبد لا ٚزغٛش أ٘ قًّٛ صبثزخ يب 

 .داو انشاعت يٕعٕد ٔدسعخ انؾشاسح صبثزخ 

AaBb  aAb+  +   bBa- 

Ksp(AaBb) = [ A b+]a[ B a−]b   

     Therefore solubility product of sparingly soluble salt is the 

multiplication yield of molar concentration of the ions in the solution 
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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  ]a[B]b  ≥  ksp precipitation occur  ٚزكٌٕ انشاعت 

2- When  [A  ]a[B]b   <  ksp  precipitation not occur  لا ٚزكٌٕ انشاعت 

Factors affecting the solubility of precipitates 

انرواسب ذوباٍَت فً انًؤثرة انعوايم

 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  . 

ػُذ انؾظٕل ػهٗ ساعت ٚغت أٌ ٚكٌٕ انشاعت َقٙ ٔنٓزا رجشص انؾبعخ إنٗ غغم انًُٕرط 

 .نهزخهض يٍ انشٕائت ٔانؾظٕل ػهٗ ساعت َقٙ 

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. 

 إرا كبٌ انزغبرة ثٍٛ إَٚبد انًزاة اكجش يُٓب ثٍٛ إَٚبد انًزاة ٔ: طجٛؼخ انشاعت 

 .عضٚئبد انًزٚت فأٌ انًزاة غٛش رائت 

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 
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ionic salts .Organic solvents such as chloroform, alcohols are good 

solvents for organic salts (non polar compounds) . 

إرا . ُْبك ػبيلاٌ يًٓبٌ يٍ خٕاص انًزٚت ًْٔب انقطجٛخ ٔصبثذ انؼضل : طجٛؼخ انًزٚت

كبَذ انقطجٛخ ػبنٛخ فبٌ انزغبرة ثٍٛ إَٚبد انًزاة ٔعضٚئبد انًزٚت ٔثبنزبنٙ أكضش رٔثبَٛخ 

 انًبء كًزٚت رٔ. ثضبثذ انؼضل فكهًب اصداد ٚقم انزغبرة ػُذ عطؼ انجهٕسح أيب فًٛب ٚزؼهق 

قطجٛخ ػبنٛخ ٔقًٛخ صبثذ ػضل ػبنٛخ يٍ أفضم انًزٚجبد نهًشكجبد الإَٔٚٛخ فٙ ؽٍٛ انًزٚجبد 

 .انؼضٕٚخ ْٙ الأفضم لإراثخ انًشكجبد انغٛش إَٔٚٛخ

3 - Temperature : Higher temperature means higher solubility ; in 

water this solubility process in endothermic. 

صٚبدرٓب رضٚذ يٍ انزٔثبَٛخ كًب أٌ ػًهٛخ الإراثخ فٙ انًبء ػًهٛخ يبطخ : دسعخ انؾشاسح 

نهؾشاسح 

AB + ؽشاسح  A
+
  + 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. 

إرا كبٌ ُْبك إٌٚ فٙ انًزٚت ْٕ َفظ اؽذ إَٚبد انًزاة ػُذْب : رأصٛش الإٌٚ انًشزشك 

ٚزغّ انزفبػم َؾٕ انٛغبس أ٘ رقم انزٔثبَٛخ يقبسَخ يغ يزٚت َقٙ لا ٚؾزٕ٘ ػهٗ الإٌٚ 

 .انًشزشك

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. 

رؤصش ْزِ انقًٛخ فٙ رشكٛض إَٚبد انٓٛذسٔعٍٛ ٔ انٓٛذسٔكغٛذ  ٔ : قًٛخ انذانخ انؾبيضٛخ 

 .ؽبيضٛخ انًؾهٕل ٔثبنزبنٙ رٔثبَٛخ الأيلاػ انشؾٛؾخ انزٔثبٌ
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