
Chapter 4 

Calculation Used in Analytical Chemistry 

• Some Important Units of Measurement 

 SI units: Scientists throughout the world have 
adopted a standardized system of units known as 
the International System of Units or SI units. 
The system is based on metric system (such as 
Mass: kg; Length: m; Time: s; Temperature: K; 
Amount of substance: mol; Electric current: A 
etc.). Other units are derived from the base units. 

  





 Prefixes are used with the base units and other derived units 

to express small or large measured quantities in terms of a 

few simple digits (such as giga: 109; mega: 106; Kilo: 103; 

deci: 10-1; centi: 10-2: milli: 10-3; micro: 10-6; nano: 10-9; 

pico: 10-12; femto: 10-15; atto: 10-18 etc.). 

  

 The Mole: The mole is the SI unit for the amount of 

chemical species. The mole is associated with a chemical 

formula and Avogadro’s number (6.022 x 1023) of particles. 

The molar mass (M) of a substance is the mass in grams of 

one mole of the substance. Molar masses are calculated by 

summing the atomic masses of all the elements appearing in 

a chemical formula. 

 





Molar Mass of formaldehyde CH2O 

  

 

 

 

 

 

Molar Mass of glucose C6H12O6 
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 Mass and Weight: Mass is an invariant measure of the 

amount of matter in an object. Weight is the force of 

attraction between an object and earth. The weight of an 

object depends on the location because gravitational 

attraction varies with geographic location. The mass of an 

object remains constant regardless of locations. A chemical 

analysis is always based on mass so that the results will not 

depend on locality.  

  

 The Millimole: The millimole (mmol) is 1/1000 of a mole. 

Sometimes it is more convenient to make calculations with 

millimoles (mmol) rather than mole. The mass in grams of a 

millimole of a substance is known as the millimolar mass 

which is 1/1000 of the molar mass 

   1 m mol = 10-3 mol 

 



 Example 4-1: Determine the number of moles and 

millimoles of benzoic acid (HBz) (M = 122.1 g/mol) in 

2.00 g of the pure acid. 

  

 Amount of HBz = 2.00 g x (1 mol HBz)/(122.1 g HBz) = 

0.0164 mol HBz. 

 millimolar mass = 0.1221 g/mmol 

 Amount of HBz = 2.00 g HBz x (1 mmol HBz)/(0.1221 g 

HBz) = 16.4 mmol HBz. 



 Example 4.2: Determine the mass in grams of Na+ (22.99 

g/mol) in 25.0 g of Na2SO4(142.0 g/mol). 
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 Molar Concentration: The molar concentration of 

a solution is the number of moles of the solute 

species that is contained in one liter of the solution. 

Molar concentration or molarity M, has the 

dimensions of mol L-. Molarity is also equal to the 

number of millimoles of a solute per milliliter of 

solution. 

 Molarity = M = (no. mol solute)/(no. L solution) 

   = (no. mmol solute)/(no. mL solution) 

   = n/v 



 Example 4-3: Calculate the molar concentration of 

ethanol in an aqueous solution that contains 2.30 g of 

C2H5OH (46.07 g/mol) in 3.50 L of solution. 

  

 Moles of ethanol = amount of C2H5OH  

    = 2.30 g x (1 mol)/(46.07 g) 

    = 0.04992 mol C2H5OH 

 Molar concentration (M) = (moles ethanol)/(volume) 

    = (0.04992 mol)/(3.50 L) 

    = 0.0143 mol C2H5OH/L 

    = 0.0143 M 



 Analytical Molarity: The analytical molarity of a 
solution gives the total number of moles of a solute 
in 1L of the solution (or total number of millimoles 
in 1 mL). A 1.0 M H2SO4 can be prepared by 
dissolving 1.0 mol or 98 g of H2SO4 in water and 
diluting to exactly 1.0 L. 

 Equilibrium Molarity: The equilibrium molarity 
or species molarity express the molar concentration 
of a particular species in a solution at equilibrium. 
The equilibrium molarity of H2SO4 in a solution 
with an analytical concentration of 1.0 M is 0.0 M 
because H2SO4 is entirely dissociated, there are no 
H2SO4 molecules as such in this solution. 



 Example 4-4: Calculate the analytical and equilibrium 

molar concentrations of the solute species in an aqueous 

solution that contains 285 mg of trichloroacetic acid (HA), 

Cl3CCOOH (163.4 g/mol) in 10.0 mL. Trichloroacetic acid 

(HA) is 73% ionized in water. 

  

 Amount of HA = 285 mg HA x (1g HA)/(1000 mg HA)  

    x (1 mol HA)/163.4 g HA) 

          = 1.744 x 10-3 mol HA 

 Molar analytical concentration  

  = (1.744 x 10-3 mol)/(10.0 mL) x (1000 mL)/1L 

  = 0.174 mol/L = 0.174 M 



…Continued… 

 73% of HA dissociates giving H+ and A- 

   HA     H+ + A-  

  

 [HA] = 0.174 M x (100-73)/100  

    = 0.174 x 0.27 M = 0.047 M 

  

 [A-] = 0.174 M x 73/100 = 0.127 M 

  

 One mol H+ is formed for each mol A-. 

 Therefore, [H+ ]=[A- ] = 0.127 M 

 



 Percent concentration: Concentration can be 

expressed in terms of percent (parts per hundred). 

Percent composition can be expressed in three 

different methods: 

 Weight percent (w/w)  

 = (weight solute)/(weight solution) x 100 % 

 Volume percent (v/v) 

 = (volume solute)/(volume solution) x 100% 

 Weight/Volume percent (w/v) 

 =(weight solute, g)/(volume solution, mL) x 100% 



 Parts Per Million and Parts Per Billion: For very 

dilute solutions, parts per million (ppm) is a 

convenient way to express concentration. 

  

 Cppm = (mass of solute)/(mass of solution) x 106 ppm 

 where, Cppm is the concentration in parts per million. 

  

 For even more dilute solution parts per billion is 

used  

  Cppb =(mass of solute)/(mass of solution) x 109 ppb 



 Example 4-7: What is the molarity of K+ in a solution that 

contains 63.3 ppm of K3Fe(CN)6 (329.3 g/mol)? 

   

 63.3 ppm K3Fe(CN)6 =63.3 mg K3Fe(CN)6 /L 
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 Density  

 The density of a substance is its mass per unit 

volume. Density is expressed in units of kg/L or 

g/mL. 

   

Specific Gravity  

 Specific gravity is the ratio of its mass to the mass 

of an equal volume of water at 4oC. Specific 

gravity is dimensionless. 

  



g HNO

L- reagent
 =  

1.42 kg reagent

L reagent
  

10   g reagent

kg reagent
  

70 g HNO

100 g reagent

                   =  
994 gHNO

L reagent
 

Molar concentration =  
994 g HNO

L reagent
  

1 mol HNO

63.0 g HNO

                                  =  15.8 M 

3 3

3

3 3

3

 



Example 4-10: Calculate the molar concentration of 

HNO3 (63.0 g/mol) in a solution that has a specific gravity 

of 1.42 and is 70% HNO3 (w/w). 

3 



 Chemical Stoichiomtry: The stoichiometry of a 
reaction is the relationship among the number of 
moles of reactants and products as shown by a 
balanced equation. 

 A balanced chemical equation is a statement of the 
combining ratios or stoichiometry in units of moles 
among the reacting substances and their products. 

• Transformation of the known mass of a substance 
in grams to a corresponding number of moles 

• Multiplication by a factor that accounts for the 
stoichiometry 

• Reconversion of the data in moles back to the SI 
units called for in the answer 





 Example 4-12: (a) What mass of AgNO3 (169.9 g/mol) is 

needed to convert 2.33 g of Na2CO3 (106.0 g/mol) to 

Ag2CO3? (b) What mass of Ag2CO3 (275.7 g/mol) will be 

formed? 

 (a) Na2CO3(aq)+ 2 AgNO3(aq)         Ag2CO3(s)  + 2NaNO3(aq) 

  

  

  

 

  

 (b) From the balanced equation,  

      moles of Ag2CO3 = moles of Na2CO3 = 0.02198mol 

      0.02198 mol x (275.7 g Ag2CO3)/(1 mol Ag2CO3)  

      = 6.06 g Ag2CO3 
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