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L arger snowflakes have bigger crystals with more 
recognisably unique features, but some smaller ones can 
look the same. However, on a molecular scale, no snow 

crystals are the same, as they are made up of billions of water 
molecules, which determine their shape and make them all 
unique.

Snowflakes, or more accurately snow crystals, form and grow 
when water vapour sublimes (condenses directly into ice without 
going through a liquid phase). The most common shape of snow 
crystal is a hexagonal prism, which consists of six prism faces 
and two basal faces. As the crystal grows, more water molecules 
bond to the prism sides, giving us the six-sided snowflakes we 
are familiar with, with shapes such as stellar dendrites and stellar 
plates (Figure 1).

as the six sides of a crystal experience the same conditions, they 
are mostly identical, giving rise to the six-fold symmetry.

Hydrogen bonding
Hexagonal prisms form due to the arrangement of the individual 
water molecules in the crystal structure (see Chemistry Review, 
Vol. 22, No. 3, pp. 11–15). Water molecules are able to hydrogen 
bond to one another due to the uneven distribution of charge 
over the molecule (see Chemistry Review, Vol. 20, No. 4, 
pp. 20–24). The oxygen atoms have six outer electrons. Two of 
these are involved in forming covalent bonds with hydrogen 
atoms, and the other four electrons form two lone pairs. The 
lone pairs and the electrons in the covalent bonds all repel each 
other, so they arrange themselves in an approximate tetrahedral 
shape around the oxygen atom (Figure 2).

Oxygen is more electronegative than hydrogen, i.e. it exerts a 
greater pull on the shared electrons than the hydrogens, leaving 
the hydrogen atoms with a slight positive (δ+) charge. The 
overall effect is that the hydrogen atoms of one water molecule 
are attracted to the electronegative oxygen atoms of another, 
allowing each water molecule to form hydrogen bonds to four 
other water molecules.

As water freezes, the molecules come together and crystallise 
into hexagonal structures, with the oxygen atoms at the corners 
of the hexagons (Figure 3). These hexagonal structures layer on 
top of one another to form the hexagonal prism, which forms 

Every snow crystal is different, as its shape depends on the 
conditions of temperature and humidity it finds itself in. These 
conditions constantly change throughout the crystal’s fall through 
the clouds, and as every crystal follows a different path, all of 
them have a unique history and hence a unique shape. However, 

Is every snowflake   unique?
Everyone has heard that no two snowflakes are the same, but is this actually true? And if so, why?

Not all snow crystals have this familiar hexagonal shape; some 
have three-fold symmetry or are even 12-sided. For a guide to the 
wonderful and varied morphology of snowflakes, take a look at  
www.tinyurl.com/caltech-snowguide

Further reading 
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Figure 2 The covalent bonds in a 
water molecule form an approximate 
tetrahedral shape with the lone pairs 
of electrons around the oxygen
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Figure 3 Each water molecule in an ice crystal can form hydrogen 
bonds to four others, giving rise to a three-dimensional structure 
with a hexagonal arrangement of molecules

Figure 1 Snow crystals exhibiting (a) stellar dendrites and (b) stellar plates

Alice Smallwood is studying for a degree in chemistry at the 
University of York

(a) (b)

 in pictures

Download this poster at 
www.hoddereducation.co.uk/chemistryreviewextras

ChemistryReviewExtras

the basis of the ice crystals that we call snowflakes. Next time 
it snows, why not take the time to examine and marvel at the 
beauty of these unique, transient, hydrogen-bonded creations.


