
The Mole
• The amount of gas in a given volume is 

conveniently expressed in terms of the number of 
moles

• One mole of any substance is that amount of the 
substance that contains Avogadro’s number of 
constituent particles

– Avogadro’s number NA = 6.022 x 1023

– The constituent particles can be atoms or 
molecules

Got mole problems? Call Advogadro at 602-1023



In many problems it is better to work with lump 
numbers of molecules!



THE MOLE UNIT

Atomic Weight is defined as the mass of one atom 
of an element. 

The first element, which has been assigned a mass 
was the carbon-12 atom, and it was said to be 
exactly 12 amu (atomic mass units). 

Using the carbon 12 atom as a basis for all the other 
atoms, proportions were set up and atomic weights 
were assigned to each of the other atoms. 

Atomic weights can be looked up on the periodic 
table and they are the larger numbers in each box.



The mole is defined as the number of carbon-12 atoms in 
12 grams of carbon-12. 

1 mole (of any substance) = 6.022×1023 atoms, 
molecules, or ions (depending on how that substance 
exists at that time.) (For example, 1 mole of Xe+ ions has 
6.022×1023 Xe+ ions in it.) 

1 mole (of any substance) = the total of the elements atomic 
masses expresses in grams. (For example, 1 mole of Na 
weighs 23 grams.) 

The mole allows to weigh substances and to tell how many 
particles are in that substance.

THE MOLE UNIT





Moles, cont

• The number of moles can be determined 
from the mass of the substance: n = m /M
– M is the molar mass of the substance
– m is the mass of the sample
– n is the number of moles



How much one mole of Al2S3 (Aluminum Sulfide) weighs?

A basic assumption is that in one mole of Al2S3, there are two 
moles of Al and three moles of S. 

Using this assumption, there are 2 moles of Al and 3 moles of S.

So take 26.98 grams (which is the weight of 1 mole of Al) and 
multiply it by 2. 

Then take 32.06 grams (which is the weight of 1 mole of S) and 
multiply it by 3 

Then add the two amounts up. 
2 mol Al = 2 (26.98) = 53.96 g 
3 mol S = 3 (32.06) = 96.18 g 
Total - 150.14 g 



Benzil alcohol molecule



Equations of State

• P,V,T, and n are not independent.
• Any three will determine the fourth.
• An equation of state is an equation 

that relates P,V,T, and n for a given 
substance.

• Gases have the simplest equations of 
state.



Ideal Gas Law

• The equation of state for an ideal gas 
combines and summarizes the other gas 
laws

PV = n×R×T
where n×R = N×k = n×NA×k

• R is a constant, called the Universal Gas 
Constant

R = 8.314 J/mol · K
• From this, you can determine that 1 mole of 

First written in 1834 by Emil Clapeyron



Ideal Gas Law, cont

• The ideal gas law is often expressed in terms of 
the total number of molecules, N, present in the 
sample

• PV = nRT = (N/NA) RT = NkBT
– kB is Boltzmann’s constant
– kB = 1.38 x 10-23 J/K

• It is common to call P, V, and T the 
thermodynamic variables of an ideal gas



Composition

• moles:  ni
Σ ni = n

• mole fraction:  xi
Σ xi = 1

• partial pressure:  pi
Σ pi = p



N = N1+ N2 + N3…+…

Because N = PV/ kBT and Ni = PiV/ kBT,  i = 1,2,3,…

PV/ kBT = P1V/ kBT + P2V/ kBT + P3V/ kBT + …

Or 

P = P1+ P2 + P3 + … - Dalton’s law

Dalton’s Law of partial pressures






