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Analytical chemistry 

Analytical chemistry is a measurement science consisting of a set of powerful ideas 

and methods that are useful in all fields of science, engineering, and medicine. 

Analytical chemistry is concerned with the chemical characterization of matter and 

the answer to two important questions: what is it (qualitative analysis) and how 

much is it (quantitative analysis). 

Chemical Concentrations 

Concentration of Solutions 

Molar Concentration: 

 

 

 



[Dr. Khozan A. Haji                                            Instrumental & Analytical Chemistry] 
 

 

2 

 

 

 



[Dr. Khozan A. Haji                                            Instrumental & Analytical Chemistry] 
 

 

3 

 

 

Solution: 
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Solution: 

d)   
  ( )     
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Molarity for liquid substance 

  
                       

                
 
            

    
 

                 
                     

                       
 
                     

 
 

 

Q: Find the molarity of 37.0 wt% HCl. The density of a substance is the mass per 

unit volume. The table inside the back cover of this book tells us that the density of 

the reagent is 1.19 g/ml. 
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Dilution 

Dilute solutions can be prepared from concentrated solutions. A volume of the 

concentrated solution is transferred to a fresh vessel and diluted to the desired final 

volume. 

                                 

 

 

Q: 
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Solution: 

   
            

    
 
            

  
     

   

 
 

 

 

M.wt H2SO4=98 g/mol 

Answer: 5.7ml 

 

 

Answer: 50ml of  concentrated HCl diluted to 100ml by distilled water to give a 

solution of HCl with 6N HCl. 

                                                 H.W. 
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You wish to prepare 500mL of a 0.100 M K2Cr2O7 solution from a 0.250 M 

solution. 

What volume of the 0.250 M solution must be diluted to 500 mL? 

                                                  H.W. 

 

 

Q: Describe the preparation of 500 mL of 4.75% (w/v) aqueous ethanol (C2H5OH, 

46.1 g/mol). 

  ⁄  
 ( )

 (  )
     

     
 

   
     

         of ethanol added to a plenty of water and completed to 500ml by D.W. 
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Q: Describe the preparation of 2.50 L of 21.0% (w/v) aqueous glycerol (C3H8O3, 

92.1 g/mol). 

                                                H.W. 

 

 

Q: What is the mass in grams of solute in 4.50 L of a solution that contains 31.7 

ppm of SnCl2? 

Solution:  

                  (       )       
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p-Functions 

Scientists frequently express the concentration of a species in terms of its p-

function, or p-value. The p-value is the negative logarithm (to the base 10) of the 

molar concentration of that species. Thus, for the species X, 

       [ ] 
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Aqueous Solutions and Chemical Equilibria. 

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. Strong electrolytes ionize essentially completely in a solvent, 

but weak electrolytes ionize only partially. 

 

Acids and Bases 

In 1923, J. N. Brønsted in Denmark and J. M. Lowry in England proposed 

independently a theory of acid/base behavior that is especially useful in analytical 

chemistry. 

According to the Brønsted-Lowry theory, an acid is a proton donor, and a base is a 

proton acceptor. For a molecule to behave as an acid, it must encounter a proton 

acceptor (or base). Likewise, a molecule that can accept a proton behaves as a base 

if it encounters an acid. 

Conjugate Acids and Bases 

An important feature of the Brønsted-Lowry concept is the idea that the product 

formed when an acid gives up a proton is a potential proton acceptor and is called 

the conjugate base of the parent acid. 
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For example, when the species acid1 gives up a proton, the species base1 is formed, 

as shown by the reaction 

                 

We refer to acid1 and base1 as a conjugate acid/base pair, or just a conjugate pair. 

Similarly, every base accepts a proton to produce a conjugate acid. That is, 

                     

Many solvents are proton donors or proton acceptors and can thus induce basic or 

acidic behavior in solutes dissolved in them. For example, in an aqueous solution of 

ammonia, water can donate a proton and acts as an acid with respect to the solute 

NH3: 

                   

In this reaction, ammonia (base1) reacts with water, which is labeled acid2, to give 

the conjugate acid ammonium ion (acid1) and hydroxide ion, which is the conjugate 

base (base2) of the acid water.  

On the other hand, water acts as a proton acceptor, or base, in an aqueous solution 

of nitrous acid: 

                        

The conjugate base of the acid HNO2 is nitrite ion. The conjugate acid of water is 

the hydrated proton written as H3O
+
. This species is called the hydronium ion, and it 

consists of a proton covalently bonded to a single water molecule. 
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Chemical Equilibrium 

Le Châtelier’s principle 

This principle states that the position of chemical equilibrium always shifts in a 

direction that tends to relieve the effect of an applied stress. For example, an 

increase in temperature of a system alters the concentration relationship in the 

direction that tends to absorb heat. 

Equilibrium-Constant Expressions 

Consider a generalized equation for a chemical equilibrium 

                         

                      

 

Types of Equilibrium Constants in Analytical Chemistry 

 

 



[Dr. Khozan A. Haji                                            Instrumental & Analytical Chemistry] 
 

 

13 

Applying the Ion-Product Constant for Water 

Aqueous solutions contain small concentrations of hydronium and hydroxide ions 

as a result of the dissociation reaction: 

            
  

An equilibrium constant for this reaction can be written as shown in 

  
[   

 ] [   ]

[   ]
 

 

  [   ]
     [   

 ] [   ] 

Where the new constant    is given a special name, the ion-product constant for 

water. 

At 25°C, the ion-product constant for water is             . For convenience, we 

use the approximation that at room temperature          
   . 

EXAMPLE  

Calculate the hydronium and hydroxide ion concentrations and the pH andpOH of 

0.200 M aqueous NaOH at 25°C. 

Solution 

Sodium hydroxide is a strong electrolyte, and its contribution to the hydroxide ion 

concentration in this solution is 0.200 mol/L. Hydroxide ions and hydronium ions 

are formed in equal amounts from the dissociation of water. Therefore, we write: 

[   ]        

        [   ]                

   [   
 ] [   ]               [   

 ]  
  
[   ]

 
       

   
          

       [   
 ]                     
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Q: Identify the acid on the left and its conjugate base on the right in the following 

equations: 
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Using 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 

equilibrated with water, the dissociation process is adequately described by the 

equation 

   (   ) ( )      (  )      
 
(  )

 

  
[    ][   
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 [   (   )  ]      [  
  ][   

 ]  

Where the new constant is called the solubility-product constant or the solubility 

product. 

Example 

What mass (in grams) of    (   )   (487 g/mol) can be dissolved in 500 mL of 

water at 25°C?    [   (   )  ]         
  . 
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    (   )        

    
 
                 

    
 

    (   )           

Q: Calculate the solubility-product constant for each of the following substances, 

given that the molar concentrations of their saturated solutions are as indicated:  

 

a)    (      )   
   [      ]           

 

 

 

b)    (     )   
  [        ]               

 

 

 

 

c)    [  (    ) ]
       [        ]         

 

 

 

 

d)    [  (   ) ] 
   (  )          (        )            
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Using Acid/Base Dissociation Constants 

When a weak acid or a weak base is dissolved in water, partial dissociation occurs. 

Thus, for nitrous acid, we can write 

 

Where    is the acid dissociation constant for nitrous acid. In an analogous way, 

the base dissociation constant for ammonia is 

 

 

Dissociation Constants for Conjugate Acid/Base Pairs 

Consider the base dissociation-constant expression for ammonia and the acid 

dissociation constant expression for its conjugate acid, ammonium ion: 

 

By multiplying one equilibrium-constant expression by the other, we have 
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But            

and, therefore,                    

Example: What is    for the equilibrium: 

                                  

                      

                   

 

Q: At 25°C, what are the molar    
  and     concentrations in 0.0300 M 

C6H5COOH? (          
  ). 

                    
     

  

                                                                          x             x 
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[   ]  
  

[   
 ]
 

       

         
             

 

Buffer Solutions 

A buffer solution resists changes in pH when it is diluted or when acids or bases are 

added to it. Generally, buffer solutions are prepared from a conjugate acid/base pair, 

such as acetic acid/sodium acetate or ammonium chloride/ammonia. Scientists and 

technologists in most areas of science and in many industries use buffers to 

maintain the pH of solutions at a relatively constant and predetermined level. 

 

Calculating the pH of Buffer Solutions 

The Henderson-Hasselbalch Equation 

          
[    ]

[    ]
 

 

           
[    ]

[    ]
 

Example: What is the pH of a solution that is 0.400 M in formic acid and 1.00 M 

in sodium formate? (         
  ) 

        (        )     
[ ]

[   ]
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Q: Calculate the pH of a buffer that is 0.020 M in NH3 and 0.030 M in NH4Cl. 

(         
  ) 

           
[    ]

[    ]
 

        (        )     
    

    
      

         

 

Classical Methods for Analysis 

Titrations in Analytical Chemistry 

Titrations are widely used in analytical chemistry to determine acids, bases, 

oxidants, reductants, metal ions, proteins, and many other species. Titrations are 

based on a reaction between the analyte and a standard reagent known as the titrant. 

The reaction is of known and reproducible stoichiometry. 

The volume, or the mass, of the titrant needed to react completely with the analyte 

is determined and used to calculate the quantity of analyte. 

 

A volume-based titration is shown in this figure in which 

 the  standard solution is added from a burette, and the  

reaction occurs in the Erlenmeyer 

flask. 
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Volumetric titrations involve measuring the volume of a solution of known 

concentration that is needed to react completely with the analyte.  

Some Terms Used in Volumetric Titrat ions 

A standard solution is a reagent of known concentration that is used to carry out a 

volumetric titration. 

The titration is performed by slowly adding a standard solution from a burette or 

other liquid-dispensing device to a solution of the analyte until the reaction between 

the two is judged complete. 

The equivalence point in a titration is a theoretical point reached when the amount 

of added titrant is chemically equivalent to the amount of analyte in the sample. 

We cannot determine the equivalence point of a titration experimentally. Instead, 

we can only estimate its position by observing some physical change associated 

with the condition of chemical equivalence. The position of this change is called 

the end point for the titration. 

Indicators are often added to the analyte solution to produce an observable 

physical change (signaling the end point) at or near the equivalence point. 

Typical indicator changes include the appearance or disappearance of a color, a 

change in color, or the appearance or disappearance of turbidity. As an example, the 

indicator used in the neutralization titration of hydrochloric acid with sodium 

hydroxide is phenolphthalein, which causes the solution to change from colorless to 

a pink color once excess sodium hydroxide has been added. 

We often use instruments to detect end points. These instruments respond to 

properties of the solution that change in a characteristic way during the titration. 

Among such instruments are colorimeters, turbidimeters, spectrophotometers, 

temperature monitors, refractometers, voltmeters, current meters, and conductivity 

meters. 
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A primary standard is a highly purified compound that serves as a reference 

material in titrations and in other analytical methods. 

Important requirements for a primary standard are the following: 

1. High purity.  

2. Atmospheric stability. 

3. Absence of hydrate water so that the composition of the solid does not change 

with variations in humidity. 

4. Modest cost. 

5. Reasonable solubility in the titration medium. 

6. Reasonably large molar mass so that the relative error associated with weighing 

the standard is minimized. 

 

The ideal standard solution for a titrimetric method will 

1. be sufficiently stable so that it is necessary to determine its concentration only 

once; 

2. React rapidly with the analyte so that the time required between additions of 

reagent is minimized; 

3. React more or less completely with the analyte so that satisfactory end points are 

realized; 

4. Undergo a selective reaction with the analyte that can be described by a balanced 

equation. 

 

The accuracy of a titration can be no better than the accuracy of the concentration of 

the standard solution used. Two basic methods are used to establish the 
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concentration of such solutions. The first is the direct method in which a carefully 

determined mass of a primary standard is dissolved in a suitable solvent and diluted 

to a known volume in a volumetric flask. The second is by standardization in which 

the titrant to be standardized is used to titrate  

(1) A known mass of a primary standard, 

(2) A known mass of a secondary standard, or 

 (3) A measured volume of another standard solution. 

 A titrant that is standardized is sometimes referred to as a secondary standard 

solution. 

 

Volumetric Calculations 

For the standard solutions used in most titrations, either molar concentration, M, or 

normal concentration, N, is usually used. 

Molar concentration is the number of moles of reagent contained in one liter of 

solution, and normal concentration is the number of equivalents of reagent in the 

same volume. 
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Example: Describe the preparation of 2.000 L of 0.0500 M AgNO3 (169.87 g/mol) 

from the primary-standard-grade solid. 

Solution:  

  
      

      
 

         
        

    
 
                

    
          

Therefore, the solution should be prepared by dissolving 16.987 g of AgNO3 in 

water and diluting to the mark in a 2.000 L volumetric flask. 

 

 

 

Example: Describe how 500 mL of 0.0100 M solution of Na
+
 can be prepared from 

primary standard Na2CO3 (105.99 g/mL). 

Solution: 

Na2CO3 +2H2O 2Na+ +CO3
=

+H3O
++OH-

0.005M 0.01M
 

   
        

    
 
                

    
        

The solution should be prepared by dissolving 0.265 g of Na2CO3 in water and 

diluting to 500 mL.    
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Example: Describe the preparation of 0.5 L of 0.0200N       (100 g/mol) from 

the primary-standard-grade solid. 

Solution:  

  
         

    
 
     

   
 
    

    
       

The solution should be prepared by dissolving       of       in water and diluting 

to 500 mL. 

 

Working with Titration Data 

 

Example: A 50.00-mL portion of an HCl solution required 29.71 mL of 0.04 N 

Ba(OH)2 to reach an end point with bromocresol green indicator. Calculate 

the normality of the HCl. 

 

Solution: 

(   )  (  )  (   )    
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Example: Titration of 0.2121 g of pure Na2C2O4 (134.00 g/mol) required 43.31 mL 

of KMnO4. What is the molar concentration of the KMnO4 solution? The chemical 

reaction is  
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