
Analytical chemistry  
 
1-qualitative analysis. Is concerned with the identification of ions molecules elements and compounds present in 
sample 
2- Quantitative analysis :- Is concerned with the  
Determination of the quantity of one or more compounds of the sample.  
The mathematical ( quantitative ) calculations of analytical chemistry are based on the experimental data obtained 
with  accurate  measurements of various physical parameters such as mass , volume electrode potential  ,light 
absorbance , and so forth  
The treatment of data is mainly done on the basis of simple stoichiometric   relations and chemical equilibrium 
constants . 

 
a- Volumetric analysis ;- Is that type of quantitative analysis base up on the measurement of the volume of the 
standard reagent to find the quantity of substance 
b- Is that type of quantitative analysis base up on the measurement of the weight of a precipitate t 
o find the quantity of substance 
c- Instrumental analysis :- The quantity of the component is calculated from measurement of the physical property 
which is related to the mass or the concentration of the component . 
Materials  
1- Solids- Has a shape  but does not easy to measure a volume .  
2- Liquids – has no shape but can be easy to measure the volume 
3- Gases – has no shape but difficult  to measure the volume  
Material  
1- Solids- Has a shape  but does not easy to measure a volume .  
2- Liquids – has no shape but can be easy to measure the volume  
3- Gases – has no shape but difficult  to measure the volume  
A stoichiometric   balance chemical equation which is represent the reaction between analyte  
with the standard  material Q\What are the bases of quantitative analysis?   

 
Gas analysis : Each mole of gas in (S.T.P )  occupied  22.4 liter  
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(n) is a howls number depend on the type of reactions  
1- Acid Base reaction (n) = no. of H+  in acid or OH- in base  
Examples 
H2SO4  

2  [ H+]   ,   Mwt H2SO4 = 1x2 + 32+ 16x4 = n =  
  
  

  
  

 
V(STP)             

No.of mmols = ------------------     
22.4               

          
 V(STP)           

No.of mequivalents  =  --------------------- 
22.4             

---------------       
            n              

Mwt       
Eqwt = -------------- 

2        



HCl 
 
n = 1    [H+] 

  
  
  
H3PO4 
n =3 [ H+]  

  
  
  
  
2- Complex formation and precipitation reactions   : (n) = no. of cations  x  its valiancy  
BaSO4  

 

n=   cation (1) x valiancy (+2)  =   2  
  
  
  
  
KAl ( SO4)2 
n= cation  K (1) x (+1) = 1 
n= cation Al (1) + ( +3)  =   3 

 
n=    4  

 
 
 
 
 
 
Fe+3  +  SCN -  →   FeSCN +2      Complex formation reaction  

 
n = 1 x ( + 3) = 3  

  
  
  
3- Oxidation redaction reactions .   n= numbers of electrons participate  in oxidation  redaction processes   
Redox )  
As oxidizing agent KMnO4 

 
KMnO4    →   K+    +   MnO4 

- 

 

a- in acid media  
MnO4 

-    +   8H+   +  5e  ↔    Mn+2   + 4 H2O      n = 5 e 
 

Mn+7 →    Mn+2 
 

b- Dissolve in neutral media 
MnO4 

-    +   4H+   +  3e  ↔    MnO2   +   2  H2O       n = 3e 

Mwt         
Eqwt  = --------------- 
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Eqwt = -------------- 
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Mwt          
Eqwt =  ---------------- 

2               
 

Mwt        
Eqwt =  ---------------- 
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Mwt    
Eqwt =  ----------- 
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Mn+7 →    Mn+4 
 

c- Dissolve in alkaline media 
 

MnO4 
-    +  1e  ↔    MnO4

-2            n= 1e 
 

Mn+7 →    Mn+1 
 
 

Example for gas analysis 
 
CaCO3 ↓           →      CaO ↓       +      CO2 ↑ 
( solid )         heat          ( solid)              ( gas) 
 
1- The above equation is balance . 
2- We measure the volume of CO2 gas in ( STP ) 
3- We applied equation (1) to fined the number of equivalent of CO2 gas 

 
No.of meqt of CaCO3  =  no . of meqt CO2 
 
n  =   2      due to   Ca+2 
 
 
 
Q \ The analyst prefer liquid analysis over gas analysis ? 

- The gas analysis has disadvantages 
1-It needs high quality equipments 

2- It need a proficiently and have a good experience to carry out of its analysis 
 

Solutions 
That solution contain one or more solute present in solvent 

 
Type of solutions 

 
1-    Depend on the particle size of solute in solvent 

a- True solutions 
b- Suspended solutions 

c- Colloidal solutions 
2- Depend on the concentration of solute in solvent 

a- Unsaturated solution 
b- Saturated solutions 

c- super saturated solutions 
------------------------------------------------------------ 

Type one 
1- True solution: - Is that solution pass through filter paper  and does not precipitate when its left with parent solution at 

a period time 
(Dissolve NaCl in water       ) 

2- Suspended solution: - Is that solution does not pass through filter paper and precipitate when its left with parent 
solution 
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Eqwt =  ----------- 
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Mwt     
Eqwt =  ----------- 

3        

Mwt     
Eqwt =  ----------- 
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3- Colloidal solution ;- Is that solution are pass through filter paper and does not precipitate when its left with parent 
solution at a period time 
----------------------------- 

Type two 
1- Unsaturated solution: - Is that solution, the solvent that ability to dissolve other amount of solute 

2- Saturated solution :- Is that solution , the solute in dynamic equilibrium with solvent 
NaCl      =====      Na+   +    Cl- 

3- Super saturated solution;- Is that solution 
, the solvent does not able to dissolve a large amount of solute the precipitation is formed 

# The solvent can be dissolved a large amount of solute when increase the temperature of the solution (the solution is 
saturated    ) 

Classifying Solutions of Electrolytes 
Most of the solutes we will discuss are electrolytes, which form ions when dissolved 

in water (or certain other solvents) and thus produce solutions that conduct 
Electricity.  1-Strong electrolytes ionize essentially completely in a solvent, whereas 

2-weak electrolytes ionize only partially. This mean that a solution of a weak electrolyte 
Will not conduct electricity as well as a solution containing an equal concentration 

of a strong electrolyte. 
 

Chemical Equilibrium 
Most analytical techniques require the state of chemical equilibrium. At equilibrium. 

the rate of a forward process or reaction and that of the reverse process are equal. 
. Calcium carbonate dissolves in the water according to the chemical 

Equilibrium 
CaC0 3 (s) + CO 2 (g) + H 2O (l) ↔ Ca+2 (aq) + 2HC0-3  

 
THE CHEMICAL COMPOSITION 

OF AQUEOUS SOLUTIONS 
Water is the most plentiful solvent available on Earth, is easily purified, and is not 

toxic. It therefore finds widespread use as a medium for carrying out chemical 
Analysis.. 

k1 
a A       +      bB      ↔     c C        +      d D 

k2 
 
 

----- (1)                                                  ---------(2) 
 
 
 

If  the products  and reactant in the gas form 
 

N2 ( g)  + 3 H2 (g) ↔  2NH3 (g) 
 
 

----------------(3) 
 
 
 

Explain the relation between Keq  ( use molar concentration ) and K P ( use partial pressure ) 

  
[ C ]c   [ D ]d     

Keq =   ----------------------- 
[ A ] a  [ B ]b     

 P (NH3)  
2           

KP =   ----------------------- 
P ( N2) , P ( H2)

3    
 

P C c   P D
d           

KP=   ----------------------- 
P A

a  P B
b       



 
PV = nRT         it’s a general law of gas    ----------(4) 

P = partial pressure, V= volume of gas, R = gas constant,  T= temperature , n= number of moles 
 
 

------------------- (5)     if    C  , molar concentration 
 
 
 

Then    P = C RT    -------------- (6) 
----------- (7) 

 
Substitutions the P value  in equation (6) into equation (2) yield 

 
 
 

-------------- (8 ) 
 
 
 
 

-----------  ( 9 ) 
 
 
 
 

--------------  (10) 
 
 
 
 

--------- (11)  
  
  
  
  
  
  
----------- (12) 
----------------- 

  
  
Equilibrium involving precipitates and their ions 
Solubility product - Solubility 
The general equation :- 

 
MmXx   ↔   mM+a     +    xX-b       ---------  (1) 

 
Which describe the ionization of the slightly soluble ionic solid MmXx in the saturated solution ( solid in 
 contact with the solution ) , is characterized by an equilibrium constant , i.e , 

n               
P =  ------- RT     

V               

n      
C   =  -------- 

 V      

     P       
C=  ------------   

RT      

  
( CC RT ) c  ( CD RT ) d     

KP  =   ------------------------------      
     

( CA RT )a ( CBRT) b     
           

  
( CC )c  ( RT ) c  ( CD)d ( RT ) d          

KP  =--- -- ----------------------------------        
( CA)a  (RT )a ( CB )

b  (RT) b               
           

  
( CC )c    ( CD)d ( RT ) (c + d)          

KP  =--- -- ----------------------------------        
( CA)a  ( CB )

b  (RT)(a + b )              
          
  

( CC )c    ( CD)d                                
KP  =--- -- --------------   ( RT ){(c+d) – (a+ b) }     

                   
( CA)a  ( CB )

b                                   
            

  
Kp =   K eq  ( RT ) { ( c+ d ) – ( a  +  b ) }  



 
  
---------   (3 )  

  
Or , since the concentration of MmXx is constant 

 
K [MmXx ]  = K sp = [ M+a]m[ X -b]x    ------  (4 ) 

 
The constant ,Ksp is  could solubility product constant  ( solubility product ) 
If  S the molar solubility ( in mole per liter ) of the substance MmXx , we have 

 
[ M +a] = mS   , and [X-b ] = Xs   substituting these value in equation (4) 

 
Ksp =  (mS)m  (xS)x  = mm xx Sm+x  ------  (5) 

 
For the calculation of  S from Ksp equation ( 5  ) is used in the form 

 
S = m+s √ Ksp / mm xx      ----------------------- (6) 

 
For example , for a saturated solution Ca3(PO4)2 we have  [ Ca +2] =3S   and 

 
[PO4

-3] = 2S . Hence           , Ksp  = 33.22.S3+2 = 108S5 
 
From which  S = 5√ Ksp / 108 

 
When the ion product  I.P , of the dissolved substance exceeds the constant Ksp , a precipitate is formed . 
in the general case of the slightly soluble substance MmXx , precipitation takes  place only if 

 
I.P = [ M+a ]m [ X-b ]x ˃ Ksp 

 
If I.P = Ksp ,  the solution is saturated , but no precipitate takes place . if  I.P .< Ksp the solution is 
unsaturated , and there is a precipitate , it is dissolves , until                   I.P = Ksp 

  
Applying Solubility-Product Constants  
Most, but not all sparingly soluble salts are essentially completely dissociated in  
Saturated aqueous solution. For example, when an excess of barium iodate is            equilibrate with 
water, the dissociation process is adequately described by the equation  

  
Ba(IO3)2 (s)    ↔     Ba2+(aq) + 2IO3

−
  (aq) 

 
Ksp = [Ba2+] [ IO3−]2 

  
 

3-9 EXAMPLE  
How rnany grams of Ba(IO3)2  (487 g/mol) can be dissolved in 500 mL of water  
at 25°C ?  
The solubility-product constant for Ba(IO3)2  is 1.57 X 10- 9  

 .The equilibrium between the solid and its ions in solution is described by the  
equation  

  

 
[ M +a]m [X -b]x            

K = ------------------           
MmXx                 



Ba(IO3)2 (s)    ↔     Ba2+(aq) + 2IO3
−

  (aq) 
 
and so 

 

Ksp = [Ba2+] [ IO3−]2  =1.57 X 10-9 
  
The equation describing the equilibrium reveals that 1 mol of Ba2+ is formed for  
each mole of Ba(IO3)2  that dissolves. Therefore،  

  
 

Ba(IO3)2] = [Ba2+]                                                                                   [   molar solubility of  
  
Since two moles of iodate are produced for each mole of barium ion, the iodate  
concentration is twice the barium ion concentration 

 
[IO3─]  = 2 [ Ba2+] 

 
Substituting this last equation into the equilibrium-constant expression gives 

 
 

-9   [Ba2+] (2[Ba2+]) 2
 = 4[Ba2+]  3  = 1.57 X 10  

  



 
  
  
  
  
  
  

  
  



  



 

 



 
 

 



 
  

 
 
 
 
 
  



  
  
  

  
  
  
  
  
  
  
  



  
  
  

  
  

  
  
  
  
  



  

  
  

  
  
  
  
  



  

  

  
  
  
  



  
  
  

 
  
  

 
 
 
 
 
 



 

 
 

  
  



  

  
  

  
  

  
  
  



  
  

  
 

  
  
  



  

  

  



  
  
  



  

  

  

  
  
  



  

  

  
  
  
  



  
  
  
  



  

  
  

  
  
  
  



  

  

  

  
  



  

  
  
  
  
  
  
  



  

 
  

  
  
  



  
  

  
  
  



  
  

  
  
  
  
Ionic strength and activity 
The ionic atmosphere  surrounding each ion reduces it velocity  ,causing the solution to behave as if its 
concentration is smaller than stoichiometric 
a= Cf     . where a= activity ,    C= molar concentration , f = activity coefficient 
u = 1/2  ( C1z1

2 + C2z2
2 + ----- + Cnzn

2 ) = 1/2 ∑ Cizi
2    ,     u = ionic strength of the solution 

 



The value of the f  depends on the charge z of the ion on the ionic strength of the solution , according to 
the equation 

 
log f = Az2 √ u  ,  - 

A = constant , = 0.51 for the water at  25 oC 
 
For better accuracy the following relation is used 

 
 

log f = Az2 √ u / ( 1 + √ u )  ,  - 
  

  

  
  
  
  
Example 

 M0.120 mL of 25.0Calculate the concentration and activity of each ion in a mixture obtained by mixing 
? KCl solution   M 0.06of  mL 35.0solution and  2MnCl 

  



The volume of the mixture is 60 mL . Assuming that the dissociation of the salts is complete 
  
  
 
  
  
  
  
  
  
  
 
  
  
Molarity of Cl- = 2 x mmole MnCl2 + 1 x mmole KCl 

 
  
  
  
  
  
  
  
  
  
  
The ionic strength of the solution is equal to 
u= 1/2( CMn2+ zMn2+

2 + CK+zK+
2 + CCl

-  zCl
-2  ) 

 
u = 1/2{ ( 0.05) ( 2 )2 + ( 0.035) (1 )2 + ( 0.135 ) ( -1 )2 } = 0.185 

 
 
 
 
 
 
 
 
 
Hence , 
a Mn

2+= fMn2+. CMn
2+ = 0.243 x 0.05= 0.0122 M 

 
a K

+ 
 =   f K

+    .    C K
+   = 0.702 x 0.035 = 0.0246 M 

 
aCl-  =  f Cl-   .   C Cl- = 0.702 x 0.135  = 0.095 M 

 
 

  
25 mL x 0.120 mmol/ mL                                  

Molarity of Mn2+ =   ,  M =  --------------------------------- = 0.05  mmol/ mL 
                 

60 mL                                                   
  

35 mL x 0.0.06 mmol/ mL                                  
Molarity of  K+  ,  M =  --------------------------------- = 0.035  mmol/ mL      

            
60 mL                                                   

   0.120 mmmol             mmolCl                                 0.060mmolCl-                          
 ( ----------------- )  ( 2---------------   )    +   ( 35.0 mL )( -----------------)                          

            mL                MnCl2                                                 mL                                 
Molarity of  Cl-  ,  M       =   ----- - - --------------------- - --------------------------------- ---------= 0.135  mmol/ mL

                                    
60 mL                                                                           

                        0.51 x ( 2)2 √ 0.185 
   -log f Mn2+ =-------------------------    or f Mn2+  = 0.243   
                            1  +    √ 0.185  
         
                                        0.51 x ( 1)2 √ 0.185 
   -log f K

+ =-log f Cl- = --------------------------    or f K
+ = f Cl- = 0.702  

                                      1  +    √ 0.185  
         
   


