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Mole: Chemistry's
Counting Unit
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The Universal Language of
Counting

We use specific words to group items for convenience. In chemistry,
the concept is identical; the numbers are just vastly larger.
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Defining the Mole Tﬁ%

One mole is the SI unit for the amount of substance. It always
contains a fixed, exact number of elementary entities.

1 mol = 6.02214076 x 1923 entities
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Known as the Avogadro 602,214,076,000,000,000,000,000
Constant (N,). entities.

Historical Anchor: This precise number was originally determined by calculating
the exact number of atoms in exactly 12 grams of the Carbon-12 isotope.
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What Are We Actually Counting? A
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The term “entities” is just a variable.
Depending on the substance, a mole
always contains 6.022 x 1023 of its
foundational building blocks. /

Atoms

1 mol of H = 6.022 x 1023
hydrogen atoms

Molecules

1 mol of H,0 = 6.022 x 1023
formula units

water molecules
(Used for ionic compounds lacking
discrete molecules)

Electrons lons

1 mol of e = 6.022 x 1023 1 mol of Na* = 6.022 x 10%
electrons N — sodium ions

Formula Units
1 mol of NaCl = 6.022 x 1043



One Mole in the Real World

Every container below holds exactly the same number of particles
(6.022 x 10%3). Notice how their macroscopic mass and volume differ
drastically based on the size of the individual particles.

@ Sodium Chloride Copper(II) Sulfate Potassium Dichromate
(NaCl) | 58.5 ¢ | ~159.6 g | ~294.2 g
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| Water (H,0) | Sodium Chloride
| 18.02 g (NaCl) | 58.5 g Same particle count.

Vastly different physical mass.




Molar Mass: The Bridge to the Lab

We cannot count invisible atoms one by one with tweezers. Instead, we weigh

them. Molar mass translates a microscopic count into a macroscopic weight.
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The mass of exactly one
mole of a substance in grams
is called its molar mass.
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The standard unit is grams per
mole, written as g mol

Molar mass of H,0 = 18.02 g mol-!

Meaning: If you weigh out exactly 18.02 grams of
water on a scale, you hold exactly one mole of water
molecules in your hand.
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A Perfect Numerical Match

The brilliance of the mole concept is the numerical translation.
The numbers mirror exactly; only the scale changes.

Molecular Mass

1 molecule of H,0
= 18.02 u

The number stays the same.
The unit defines the realm.

Molar Mass
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1 mole of H,0
= 18.02 g mol-’
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The Universal Connector A

The mole is the ultimate translational tool in chemistry. It is the only '**°

mathematical way to convert what we can measure physically into what
reacts chemically.

Number of
Particles
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(What we measure) (What reacts)

KEY TAKEAWAY: The mole connects invisible particles and physical mass,
making the mathematics of chemistry possible in the real world.
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