
 

Uncovering the answer to an age-old
question: How do snowflakes form?

May 10 2017

  
 

  

1/5



 

This graphic reflects three scales: the macroscopic snowflake (blue lines), the
molecular structure (red tube model), and the electron scattering diffraction
(density plot). Credit: Tufts University

More than 400 years ago, renowned mathematician and scientist
Johannes Kepler speculated about the creation of one of nature's most
angelic and unique shapes: the six-sided snowflake. Although atoms
would not be discovered until over two centuries later, Kepler openly
pondered about the microscopic building blocks that lead to the ice
crystal's hexagonal formation, including the myriad of factors behind
this recurring phenomenon.

Now, research led by a Tufts University chemist has answered Kepler's
questions by shedding new light on this process by combining an
electron backscatter with a large single crystal ice model. In a study
published in the Proceedings of the National Academy of Sciences,
scientists discovered that an ice crystal's flat sides are formed by a 
hexagon that is larger and consists of a central water molecule
surrounded by six others in the same layer.

Mary Jane Shultz, Ph.D., a chemistry professor in the School of Arts and
Sciences at Tufts University and first author of the study, said the chair-
form hexagon has three molecules in one layer and three more slightly
lower in what is called a bilayer structure. The six flat sides of a
snowflake grow from a hexagon formed within one layer. This larger
hexagon is rotated 30 degrees relative to the chair-form hexagon.

"Snowflakes grow from water vapor. Faces that release the most heat
(per unit area) vaporize," said Shultz. "The face with the least heat
release is the hexagonal face; next is the flat face of the larger hexagon.
The flat side of the chair-form hexagon releases the most heat per area,
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which vaporizes itself. Thus, the snowflake hexagonal prism has flat
sides that correspond to the larger hexagon."

  
 

  

Credit: Pixabay

The study findings debunk previous assumptions that snowflakes grow
from the flat sides of the chair-form hexagon, Shultz said.

To determine how the formation occurs, researchers built a model that
balances the heat released when molecules are incorporated in the solid
lattice against probability of successful attachment. Combining
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macroscopic and molecular-level techniques allowed the team to
investigate the same surface at different scales.

The macroscopic probe has been used for decades to investigate ice.
This technique produces the beautiful visual images of the macroscopic
hexagonal shape. The molecular-level probe is more recent. While an X-
ray is commonly used to show the molecular-level, Shultz and her team
opted to use the electron backscatter diffraction technique, which
produces orientation density plots that are more illustrative and visually
compelling.

"Careful sample orientation tracking enabled us to link the two images to
produce the connection," she said.

The research confirmed that snowflake points align with the
crystallographic a axes shown as hot spots in the electron backscatter
data. The significance is that the flat side of a snowflake consists of a
bilayer structure. The basal face is a chair-form hexagon; the up-down
alteration forms a bilayer. The flat side is a boat-form hexagon
consisting of pairs of water molecules bridging pairs in the lower half of
the bilayer. Flexibility and mobility of a pair is expected to result in
unique reactivity of this face, including potentially catalyzing conversion
of gases like CO2 and nitrogen oxides in the atmosphere. Shultz said the
team is now investigating this reactivity.

  More information: Alexandra Brumberg et al, Single-crystalice
surfaces unveil connection between macroscopic and molecular
structure, Proceedings of the National Academy of Sciences (2017). DOI:
10.1073/pnas.1703056114

Provided by Tufts University

4/5

http://dx.doi.org/10.1073/pnas.1703056114
http://dx.doi.org/10.1073/pnas.1703056114


 

Citation: Uncovering the answer to an age-old question: How do snowflakes form? (2017, May
10) retrieved 23 April 2024 from https://phys.org/news/2017-05-uncovering-age-old-
snowflakes.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

https://phys.org/news/2017-05-uncovering-age-old-snowflakes.html
https://phys.org/news/2017-05-uncovering-age-old-snowflakes.html
http://www.tcpdf.org

