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Learning Objectives 

At the end of this chapter, the student will be able to 

● Calculate molarities and moles  

● Express analytical results 

● Calculate weight and percent analyted from 
molarities, volumes, and reaction ratios  

● Formulate weight relationships for gravimetric analysis 

● List the requirements for a titration and the main 
four classes of titrations 



It is the mass of one mole of substance, it is called:  

 molar mass, molar weight, formula weight, M.m., M.wt. or f.wt., 

 molecular mass or weight (if analyte is molecule or molecular ion) 

 and atomic mass or weight (if analyte is atom or atomic ion). 

 Its unit is  (g/mol) or (mg/mmol) 
 

  

  

Molar Mass 
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Mole 

 1 Mole of molecules ≡  avogadro’s num. of molecules 
                                     ( avogadro’s num. = 6.022x1023 ) 

  also   moles of substance =  

                                          mass of substance ÷ M.wt 

 

                             e.g. 36 g of H2O contains 36/18=2 mol 
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1 mol 

1000 mmol 



Example 
(a) How many glucose molecules are in 5.23 g of C6H12O6? 

(molar mass is 180.0 g/mol) 

(b) How many oxygen atoms are in this sample? 

 

(a) Firstly, calculate the number of moles then calculate the 

number of molecules from the number of moles 

 

 

 
 

(b) Each molecule of glucose has 6 atoms of oxygen, therefore 
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Answer 

2223 1075.16.022x100.0291                                   

no. sAvogadro'moles ofnumber molecules ofnumber 

mol 0.0291
180

5.23

massmolar 

mass
moles







2322 101.05101.756

moelcules glucose ofnumber 6atomsoxygen  ofnumber 




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Mole and Stoichiometry 

 

e.g.  Ca(OH)2Ca2+ + 2OH- , the ratio between Ca(OH)2:Ca2+:OH- is 1:1:2   

 

Q. If we have 5 moles of Ca(OH)2, how many moles of OH will produce? 
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Stoichiometry is  
 

the ratio between substances in the balance chemical equation 

Q. If you have this equation, 
 

 

 

 

    so how many sandwich could you make by 10 slices of bread 

and 10 slices of cheese? 
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substance) solid isA  ifgenerally  used is (this
A of massMolar 

A of mass
 A  of Moles 

solution) ain  substance solute isA  ifgenerally  used is (thissolution  of Volume A  ofion concentratMolar  A  of Moles 

substance) gaseous isA  ifgenerally  used is (this
eTemperatur )R(constant

Volume  Pressure
 A  of Moles






known) isA  ofnumber  ifgenerally  used is (this
(constant)Number  sAvogadro'

particlesA  ofNumber 
 A  of Moles 



Concentration 

Concentration is “The amount of a substance per defined space” 
 

We refer to the chemical species that we are looking for its concentration by 

“Analyte”, “Constituent”, “Substance”, or “Solute” while the space is called 

“Sample”, “Solution”, “Mixture”, “Matrix”, “Medium” or “Solvent” 
  

The most known concentration unit in stoichiometric calculations is the molar 

concentration c and it is usually called molarity M.  

Molarity (M) unit    [used for solutions and it measure moles of solute per liters of solution]  

 Molarity = moles of substance / volume of solution (L) 

 M = mol / v 

 

Q. Calculate the molarity of Cl- in a solution made by dissolving 20 g of BaCl2 

in 360 mL water? (M.wt  of BaCl2 is 208 g/mol) 
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Concentration 

Solution Preparation steps 
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(M.wt. AgNO3 is 169.9 g/mol) 

(M.wt. Na2SO4 is 142 g/mol) 
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M.wt. (g/mol)  M.wt. (mg/mmol) 



For solutions also we can use the unit of g/L (≡mg/mL) or 

g/mL or mg/L to express the mass of solute per volume 

of solution (mass concentration p )  

 

1
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Concentration Units 

M.wtMor            
(L)solution  of volume

(g) solute of mass
(g/L)ion concentrat 

(At.wt. K is 39.1 g/mol) 
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Concentration Units 

(M.wt. NaCl is 58.4 g/mol) 
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Concentration Units 
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Molality (m ) unit 
• A one-molal solution contains one mole per 1000 g of solvent.  

 
 
 

 

 

  

Normality (N) unit  

Although molarity is widely used in chemistry, some chemists use a unit of 
concentration in quantitative analysis called normality (N). 

 

A one-normal solution contains one equivalent per liter. An equivalent 
represents the mass of material providing Avogadro’s number of reacting 
units. A reacting unit is a proton or an electron. The number of equivalents 
is given by the number of moles multiplied by the number of reacting 
units per molecule or atom; the equivalent weight is the formula weight 
divided by the number of reacting units (n). 

 

(kg)Solvent  of Mass

(mol) moles of No.
(m)Molality 



Dilution is a process in which we decrease the concentration of a 

substance  from high concentration (initial) to lower concentration 

(final) by adding more solvent. 
 

Number of moles is not changed, only the concentration and 

volume are changed, therefore  

Moles initial = Moles final 

(Conc.  x  Vol) i = (Conc.  x  Vol) f 
 

Example 
What will be the volume of 0.2M NaCl solution that should be taken to 

prepare 5L of 0.004M NaCl solution? 
 

Answer 
Initial:   Conc. = 0.2M,     Vol.=?? 

Final:    Conc. = 0.004M,  Vol.=5L 

(M.V)i=(MV)f        0.2xVi = 0.004x5      Vi = (0.004x5)/0.2 = 0.1 L 
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Dilution 

P
h
il
a
d
e
lp
h
ia
 
U
n
iv
e
rs
it
y
 



Dilution steps 

1
5
 

Dilution 
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Dilution 
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Dilution 
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Percentage unit ( % ) 

Percentage unit is a concentration unit generally used for solid media. 

It could be expressed as  

 

 

 

 

Q. What is the percentage concentration (%w/w) of NaCl in                              

a solution made by dissolving 20.0 g NaCl in 200 mL water? 

Q. Calculate the Na %w/w in the above solution? (M.wt. NaCl is 58.5 g/mol 

and  At.wt. for Na is 23 g/mol) 

Q. What is the molar concentration (M) of Glucose solution that has %w/w of 

15%? (M.wt. for glucose is 180 g/mol) (hint: assume solute will not affect Vsolution)  1
8
 

Concentration units 

100
(mL) sample of volume

(mL) solute of volume
%  

100
(mL) sample of volume

(g) solute of mass
%  

100
(g) sample of mass

(g) solute of mass
%  

v/v

w/v

w/w






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Example 

Calculate the molarity of concentrated HCl solution that have a density of 

1.188 g/mL and have % concentration of 36% w/w? (M.wt. HCl = 36.5 g/mol) 
 

Answer 
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Concentration units 

11.72M
1

11.72

(L)solution  of volume

HCl mol
M  then HCl,  mol 11.72  containssolution      theof  1L  So

HCl mol 11.72
g/mol 36.5

g 427.68

HCl M.wt.

HCl mass
   toequal  moles  of  no.  contains  HCl  of  mass  this

HCl g 68.427
100

36
1188 HCl of mass so HCl,  of  36%  hassolution    of  mass  this

g 1188  mL 1000  1.188g/mL  mass volumeDensitymass

volume

mass
Density  , g 1188 of  mass a hassolution      theof  1L

(L)solution    of  volume

HCl  of  mole
   edconcentrat  HCl  ofMolarity  

HCl 










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Dilution 

(M.wt. H2SO4 is 98.1 g/mol) 
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Part Per Million (ppm) and Part Per Billion (ppb) Units 

These units could be used either if the solute was present in solid, 

liquid or gas medium 

  %0 = [mass of substance (g) / mass of solution (g)] x 103  

 ppm = [mass of substance (g) / mass of solution (g)] x 106 

     ppb = [mass of substance (g) / mass of solution (g)] x 109  

 ppt = [mass of substance (g) / mass of solution (g)] x 1012 
 

 

- we can convert molarity to ppm if  

 we knew the density of the solution.  
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Concentration units 
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Concentration units 

Final thing, reporting concentrations as different chemical species! 

We may express results in any form of the analyte. This is often done to facilitate 
the interpretation by other professionals. For example, water hardness due to 

calcium ion is expressed as ppm CaCO3. 
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Concentration units 
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CLASSICAL CHEMICAL 

ANALYSIS 

Chemical analysis is mainly employ the use of a balanced chemical 

reaction.  

In Volumetric or titrimetric analyses, the test substance Analyte (the 

substance that we need to determine its concentration) reacts with 

an added reagent of known concentration (standard solution). This 

standard solution is typically delivered gradually from a burette, and 

called Titrant. Analyte concentration could be calculated from the 

chemical relation between these two reactants.  

In Gravimetric analyses, the Analyte is converted to a Precipitated 

Product according to a balanced chemical reaction. Analyte 

concentration could be calculated from the chemical relation 

between the analyte reactant and the precipitated product as 

indicated from the balanced chemical equation.  
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TITRATION 

The requirements of a titration are as follows: 

1. The reaction must be stoichiometric. That is, there must be a well-

defined and known reaction between the analyte and the titrant. 

2. The reaction should be rapid and quantitative. That is, the 

equilibrium of the reaction should be far to the product side so that 

a sufficiently sharp change will occur at the end point to obtain the 

desired accuracy. 

3. There should be no side reactions; the reaction should be specific.  

4. There should be a marked change in some property of the solution 

when the reaction is complete. An indicator is generally added to 

monitor this change. 

 The point at which an equivalent or stoichiometric amount of titrant 

is added is called the equivalence point. The point at which the 

reaction is observed to be complete is called the end point, that is, 

when a change in some property of the solution is detected. 
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STANDARD SOLUTIONS 

A standard solution is prepared by dissolving an accurately weighed quantity of a 

highly pure material called a primary standard and diluting to an accurately known 

volume in a volumetric flask. Alternatively, if the material is not sufficiently pure, a 

solution is prepared to give approximately the desired concentration, then this solution 

standardized by titrating against weighed quantity of a primary standard. A solution 

standardized by titrating a primary standard is itself a secondary standard. 

2
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A primary standard should fulfill these requirements: 

1. It should be highly pure (100.00%), with accurately known impurity. 

2. It should be stable to drying temperatures, and indefinitely at room temperature.  

3. It should be readily and relatively inexpensively available. 

4. Although not essential, it should have a high formula weight. 

5. It should possess the properties required for a titration listed above. In particular, 

the equilibrium of the reaction should be far to the right so that a sharp end point 

will be obtained. 



CLASSIFICATION OF TITRATION 

METHODS 

1. Acid–Base. The end points of these titrations are easy to detect, either by 

means of an indicator or by following the change in pH with a pH meter. 

2. Precipitation. Titrant forms an insoluble product with the analyte. Again, 

indicators can be used to detect the end point, or the potential of the 

solution can be monitored electrically. 

3. Complexometric. Titrant is a reagent that forms a water-soluble complex 

with the analyte, a metal ion. The titrant is often a chelating agent like 

Ethylenediaminetetraacetic acid (EDTA). Indicators can be used to form a 

highly colored complex with the metal ion. 

4. Reduction–Oxidation. These “redox” titrations involve the titration of an 

oxidizing agent with a reducing agent, or vice versa. Appropriate indicators 

for these titrations are available; various electrometric means to detect the 

end point may also be used. 

2
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Volumetric Calculations 
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Volumetric Calculations 
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Volumetric Calculations 
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Volumetric Calculations 
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 Back Titration 
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• Sometimes it is not possible to use direct 

titration methods. The reaction between the 

standard (analyte) and the titrant can be too 

slow, or there can be a problem with end point 

determination.  

• In such situations we can often use a 

technique called back titration.  

• In back titration we use two reagents - one, 

that reacts with the original analyte in the 

sample (lets call it A), and second (lets call it 

B), that reacts with the remaining quantities of 

the first reagent.  

• How do we proceed? We add precisely 

measured amount of reagent A to the sample 

and once the reaction ends we titrate excess 

reagent A left with standard of reagent B.  

• Knowing initial amount of reagent A and 

amount that was left after the reaction (from 

titration) we can easily calculate how much 

reagent A was used for the first reaction.  

A 

• Transfer exact volume of the sample (if 

it’s a solution) to erlenmeyer flask. 

• If the sample is solid, then transfer 

exact mass of it to the flask and add 

solvent to dissolve it. 

B 

• Add exact volume of the reacting 

standard solution. Be sure that the 

added amount of reacting standard is 

sufficient to vanish the analyte in the 

sample and an excess of it is still 

remained in the reaction mixture. 

C 

• Titrate the remaining amount of 

reacting standard in the reaction 

mixture by a titrant standard solution 



Volumetric Calculations 

3
3
 

P
h
il
a
d
e
lp
h
ia
 
U
n
iv
e
rs
it
y
 



Gravimetric Calculations 
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