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2. Solutions and Their Concentrations 
 

2.1.The Mole 
 

The mole (abbreviated mol) is the SI unit for the amount of a chemical substance. 

It is always associated with specific microscopic entities such as atoms, molecules, 

ions, electrons, other particles, or specified groups of such particles as represented 

by a chemical formula. It is the amount of the specified substance that contains the 

same number of particles as the number of carbon atoms in exactly 12 grams of 

12C. This important number is Avogadro’s number NA = 6.022 * 1023. The molar 

mass M of a substance is the mass in grams of 1 mole of that substance. We 

calculate molar masses by summing the atomic masses of all the atoms appearing 

in a chemical formula. For example, the molar mass of formaldehyde CH2O is 

 

2.2. The Millimole 
 

Sometimes it is more convenient to make calculations with millimoles (mmol) 

rather than moles. The millimole is 1/1000 of a mole, and the mass in grams of a 

millimole, the millimolar mass (mM), is likewise 1/1000 of the molar mass. 
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2.3. Calculating the Amount of a Substance in Moles or Millimoles 
 

The two examples that follow illustrate how the number of moles or millimoles of a species can 

be determined from its mass in grams or from the mass of a chemically related species . 
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2.4. Concentration of Solutions 
 

we describe the four fundamental ways of expressing solution concentration: molar 

concentration, percent concentration, solution-diluent volume ratio, and p-

functions. 
 

2.4.1. Molar Concentration 
The molar concentration cx of a solution of a solute species X is the number of 

moles of that species that is contained in 1 liter of the solution (not 1 L of the 

solvent). In terms of the number of moles of solute, n, and the volume, V, of 

solution, we write 

 
 

 

 

 

 

 

The unit of molar concentration is molar, symbolized by M, which has the 

dimensions of mol/L, or mol L-1. Molar concentration is also the number of 

millimoles of solute per milliliter of solution. 
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We will see that there are two ways of expressing molar concentration: molar 

analytical concentration and molar equilibrium concentration. The distinction 

between these two expressions is in whether the solute undergoes chemical change 

in the solution process. 
 

1- Molar analytical concentration, or for the sake of brevity, just analytical 

concentration, of a solution gives the total number of moles of a solute in 1 

liter of the solution (or the total number of millimoles in 1 mL). 

2- The molar equilibrium concentration, or just equilibrium concentration, 

refers to the molar concentration of a particular species in a solution at 

equilibrium. 
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2.4.2.Percent Concentration 
 

Chemists frequently express concentrations in terms of percent (parts per hundred). 

Unfortunately, this practice can be a source of ambiguity because percent 

composition of a solution can be expressed in several ways. Three common 

methods are 
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2.4.2.1.Parts per Million and Parts per Billion 
 

For very dilute solutions, parts per million (ppm) is a convenient way to express 

concentration: 
 

 

 

 

Example : 

What is the molar concentration of K1 in a solution that contains 63.3 ppm of 

K3Fe(CN)6 (329.3 g/mol)? 

 

2.4.2.2.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, 

pX = - log [X] 
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2.4.2.3. Density and Specific Gravity of Solutions 
 

Density and specific gravity are related terms often found in the analytical 

literature. The density of a substance is its mass per unit volume, and its specific 

gravity is the ratio of its mass to the mass of an equal volume of water at 4°C. 

Density has units of kilograms per liter or grams per milliliter in the metric system. 

Specific gravity is dimensionless and so is not tied to any particular system of 

units. For this reason, specific gravity is widely used in describing items of 

commerce(see Figure 10).Since the density of water is approximately 1.00 g/mL 

and since we use the metric system throughout this text, we use density and 

specific gravity interchangeably. The specific gravities of some concentrated acids 

and bases are given in Table 1. 
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Figure 10 Label from a bottle of reagent-grade hydrochloric acid. Note that the 

specific gravity of the acid over the temperature range of 60° to 80°F is specified 

on the label.  
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The solution to above Example is based on the following useful relationship, which 

we will be using countless times: 

Vconcd* cconcd = Vdil * cdil 
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