
• Molarity • Molality
• Mole fraction
• Mole percentage
• Parts per billion

• Mass fraction
• Mass percentage
• Parts per million

• Volume by volume percentage

What you already know What you will learn

Volume-Independent Concentration Terms

Mole Fraction

The concentration terms such as molality, mole fraction, and mass percentage depend on masses 
of the solvent or the solute and not on the volume of the solution. These concentration terms are 
known as volume-independent concentration terms.

The ratio of the number of moles of a particular component to the total number of moles of the 
solution is known as mole fraction. Or, the number of moles of the solute present in one mole of 
solution is known as mole fraction.

The number of moles of the solute present in 1 kg of solvent is known as molality.

Number of moles of the solute

Mass of the solvent in kg
• Molality =

• SI unit of molality is mol kg-1 or m (molal).
• Example: If solutions have different amounts of solute but the same mass of solvent, then the 

solution having the higher number of moles of the solute will have higher molality.
• If solutions have the same amount of solute but different masses of solvent, then the solution 

having the lower mass of the solvent will have higher molality.

• Mole fraction is a volume-independent concentration term which is represented by 𝛘.
• If substance A is dissolved in substance B, and n

A
 and n

B
 are their respective moles, then 

Molality

Number of moles of A

n
A

Number of moles of the solution

(n
A
 + n

B
)

Mole fraction of A = 

 i.e., 𝛘
A
 =
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Number of moles of B

n
B

Number of moles of the solution

(n
A
 + n

B
)

Mole fraction of B = 

 i.e., 𝛘
B
 =

n
1

n
1

(n
1
 + n

2
 + n

3
…..n

i
) Σn

i

𝛘
1
 = =

• For a solution containing i number of components, we have

1. The sum of mole fractions of all the components in a solution or a mixture is equal 

to one, i.e., 𝛘
1
 + 𝛘

2
 + …………………. + 𝛘

i
 = 1

2. Mole fraction is a pure number and has no units.

Mole Percentage

The ratio of the number of moles of a particular component to the total number of moles of the 
solution multiplied by 100 is known as the mole percentage. or, the number of moles of the solute 
present in 100 moles of a solution is known as the mole percentage.

• If substance A is dissolved in substance B, and n
A
 and n

B
 are their respective moles, then

• Mole percentage is 100 times the mole fraction,

Number of moles of A

Number of moles of the solution
Mole percentage of A = × 100

× 100 = mole fraction × 100 i.e., mole percentage = 
n

1

Σn
i

1. ppm (n/n) =

2. ppb (n/n) =

3. The concentrations of gases are represented in mole percentage, ppm (n/n), or ppb 

(n/n).

× 106 = Mole fraction × 106

× 109 = Mole fraction × 109

n
1

n
1

Σn
i

Σn
i

BOARDS MAIN

The ratio of the mass of the solute in g to the total mass of the solution in g is known as the mass 
fraction. Or, the mass of the solute present in per 1 g of solution is known as the mass fraction.

Mass Fraction

• Mass fraction is a volume-independent concentration term which is represented by y.

Mass of the solute in g
Mass of the solution in g

Mass fraction (y) =
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Mass Percentage or Weight-by-Weight Percentage

The ratio of the mass of the solute in g to the total mass of the solution in g multiplied by 100 is 
known as the mass percentage or the weight-by-weight percentage. Or, the mass of the solute 
present in 100 g of solution is known as the mass percentage.

Mass of the solute in g
Mass of the solution in g

i.e., mass percentage (% w/w) =

= Mass fraction × 100 = y × 100

• It is denoted by %w/w. 
• Mass percentage is 100 times the mass fraction,

× 100

1. Parts per million or ppm (w/w) =

2. Parts per billion or ppb (w/w) =

3. Concentrations of solids and liquids are represented in mass percentage, ppm (w/w), 

or ppb (w/w).

× 106 = Mass fraction × 106

× 109 = Mass fraction × 109

w
1

w
1

Σw
i

Σw
i

Which of the following terms is dependent upon temperature?

Which of the following solutions have the same concentration?

Solution

Conceptual question on concentration terms

Finding the concentration of various solutions

(a) Molality  (b) Molarity (c) Mole fraction    (d) Mass percent

Molarity is concentration term that depends upon volume because it is the number of moles of 
the solute in 1 L of a solution. As volume is dependent upon temperature, hence molarity depends 
upon temperature. Option b is the correct answer.

(a) 20 g of NaOH in 200 mL of solution
(b) 0.5 mol of KCl in 200 mL of solution

(c) 40 g of NaOH in 100 mL of solution
(d) 20 g of KOH in 200 mL of solution

BOARDS MAIN
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Solution

Solution

Finding molarity for (a)

Finding molarity for (c)

Finding molarity for (b)

Given,
Mass of NaOH = 20 g
Volume of the solution = 200 mL = 0.2 L

Given,
Mass of NaOH = 40 g
Volume of the solution = 100 mL = 0.1 L

Given,
Moles of KCl = 0.5 mol
Volume of the solution = 200 mL = 0.2 L

So, moles of NaOH = 20/40 = 0.5 mol

So, moles of NaOH = 40/40 = 1 mol

i.e., moles of NaOH =

i.e., moles of NaOH =

Molarity =

i.e., molarity = 0.5/0.2 = 2.5 M

i.e., molarity = 1/0.1 = 10 M

So, options a and b have the same concentration.

i.e., molarity = 0.5/0.2 = 2.5 M

Molarity =

Molarity =

Given mass

Given mass

Moles of solute

Moles of solute

Moles of solute

Molar mass

Molar mass

Volume of solution in L

Volume of solution in L

Volume of solution in L

Finding molarity for (d)

Given,
Mass of KOH = 20 g
Volume of the solution = 200 mL = 0.2 L

So, moles of KOH = 20/56 = 0.36 mol

i.e., moles of KOH =

i.e., molarity = 0.36/0.2 = 1.78 M

Molarity =

Given mass

Moles of solute

Molar mass

Volume of solution in L

Calculate the molarity of H+ ions in a solution of H2SO4 prepared by dissolving 49 g of H
2
SO

4
 in 250 

mL of water. (Assume complete dissociation of H2SO4)

H2SO4 → 2H+ + SO4
2- Given,

Volume = 250 mL = 0.25 LMolar mass of H2SO4 = 98 g/mol

Moles of H2SO4 = 49/98 = 0.5 mol
So, moles of H+ = 2 × moles of H2SO4

Molarity of H+ = 1/0.25 = 4 M

Calculating the molarity of a solution

Step 1: 
Finding Moles of H+

Step 2: 
Finding Molarity of H+

Moles = Molarity = Given mass Moles of solute

Molar mass Volume of solution in L

= 1 mol
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Solution

Solution

20 cm3 of alcohol is dissolved in 80 cm3 of water. Calculate the percentage of alcohol (% V/V) in 
the solution.

What is the quantity of water (in g) that should be added to 16 g of methanol to make the mole 
fraction of methanol 0.25?

Given,
Volume of alcohol = 20 cm3

Volume of water = 80 cm3

i.e.,  total volume of the solution = 20 + 80 
            = 100 cm3

Given,
Mass of methanol = 16 g
Mole fraction of methanol = 0.25
Molar mass of methanol (CH3OH) = 12 + 3 + 16 + 1 = 32 g/mol

i.e., moles of methanol =

=

0.25 =

So, moles of methanol = n
MeOH

 = = 0.5 mol

(% V/V) =

(% V/V) =

As, mole fraction of methanol = 0.25
and, we know that,
Mole fraction of methanol

Mass = Moles × Molar mass
As, molar mass of water = 18 g/mol
So, mass of water = 1.5 × 18 = 27 g

Finding % V/V of a solution

Finding the mass of water from a mole fraction

Step 1: 
Finding total volume of solution

Step 1: 
Finding the moles of methanol

Step 2: 
Finding (% V/V) of solution

Step 2: 
Finding the moles of water

Step 3: 
Finding the mass of water

Volume of solute

given mass

n
MeOH

0.5

20

16

Total volume of solution

molar mass

n
MeOH 

+ n
 H2O

0.5
 
+ n

 H2O

So, n
H2O

 = 1.5 mol

100

32

× 100

× 100 = 20 %
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Solution

Solution

What is the concentration in ppb of the PCBs in a chemical spill, if there is 0.060 mg in 4600 kg of 
soil?

One mole of glauber salt (Na2SO4.10H2O) is dissolved in 320 g of water. Calculate the molality of 
solution.

Given,
Mass of the PCB (solute) = 0.06 mg 
          = 0.06 × 10-3 g
Mass of the soil (solvent) = 4600 kg 
          = 4600 × 103 g
Mass of the solution 
= 0.06 × 10-3 g + 4600 × 103 g
i.e., mass of the solution ~ 4600 × 103 g

Given,
Moles of the glauber salt (solute) = 1 mol
Mass of the solvent = 320 g

Molality =

ppb = 

ppb = 

Finding the concentration in terms of ppb

Finding the molality of a solution

Step 1: 
Finding the mass of the solution

Step 2: 
Finding the concentration in terms of ppb

Mass of solute

 Moles of the solute

0.06 × 10-3 g
Mass of solution

Mass of solvent in kg
So, molality = 1/0.32 = 3.125 m

4600 × 103 g

i.e., ppb = 0.013 ppb

× 109

× 109
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