
 

Snowflake chemistry could give clues about
ozone depletion
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The unique shapes of snow crystals and the complex chemical reactions that
occur on their surface could give clues about ground-level ozone loss. Credit:
Purdue University photo/Shepson Lab

There is more to the snowflake than its ability to delight schoolchildren
and snarl traffic.

The structure of the frosty flakes also fascinate ice chemists like Purdue
University's Travis Knepp, a doctoral candidate in analytical chemistry
who studies the basics of snowflake structure to gain more insight into
the dynamics of ground-level, or "tropospheric," ozone depletion in the
Arctic.
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"A lot of chemistry occurs on ice surfaces," Knepp said. "By better
understanding the physical structure of the snow crystal - how it grows
and why it takes a certain shape - we can get a better idea of the
chemistry that occurs on that surface."

His work on snowflake shape and how temperature and humidity affect
it takes place in a special laboratory chamber no larger than a small 
refrigerator. Knepp can "grow" snow crystals year-round on a string
inside this chamber. The chamber's temperature ranges from 100-110
degrees Fahrenheit down to minus 50 degrees Fahrenheit.

Knepp, under the direction of Paul Shepson, professor and head of
Purdue's Department of Chemistry, is studying snow crystals and why
sharp transitions in shape occur at different temperatures. The
differences he sees not only explain why no two snowflakes are
identical, but also hold implications for his ozone research in the Arctic
Ocean region.

"On the surface of all ice is a very thin layer of liquid water," Knepp
said. "Even if you're well below the freezing point of water, you'll have
this very thin layer of water that exists as a liquid form. That's why ice is
slippery. Whenever you slip, you're not slipping on ice, you're slipping
on that thin layer of water."

This thin, or quasi-liquid, layer of water exists on the top and sides of a
snow crystal. Its presence causes the crystal to take on different forms as
temperature and humidity change.

For example, the sides of a crystal growing in a warmer range of 27-32
degrees Fahrenheit expand much faster than the top or bottom, causing it
to take on a platelike structure. Between 14 and 27 degrees Fahrenheit,
crystals look like tall, solid prisms or needles.
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"As you increase the humidity, you'll get more branching," Knepp said.

Snow crystals transition to other shapes, and sometimes even back and
forth, as the temperature and humidity change.

"The bottom line is that the thickness or the presence of this really thin
layer of water is what dictates the general shape that the snow crystal
takes," Knepp said. "By altering the quasi-liquid layer's thickness, we
changed the temperature at which the snow crystal changes shape.

"Until now, nobody knew that the quasi-liquid layer had such a
significant role in determining the shape of snow crystals. Our research
clearly shows this to be the case."

This knowledge has application for Knepp and his colleagues in their
ozone work.

"Most people have probably heard of ozone depletion in the North and
South Poles. This occurs in the stratosphere, about 15 miles up," Knepp
said. "What people don't know is that we also see ozone levels decrease
significantly at ground level."

Ground-level ozone is very important. It gives the atmosphere the ability
to clean itself. However, it also is toxic to humans and vegetation at high
concentrations, like those found in smog, Shepson said.

Complex chemical reactions regularly take place on the snow's surface.
These reactions, which involve the thin layer of water found on the
surface of snow crystals, cause the release of certain chemicals that
reduce ozone at ground level.

"How fast these reactions occur is partially limited by the snow crystals'
surface area," Knepp said. "Snow crystals with more branching will have
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higher surface areas than non-branched snow crystals, which will allow
the rate of reaction to increase."

The need to understand these intricate chemical reactions and their
implications for ozone reduction drive the researchers to continue
studying snow.

"As the impact of emissions from human activities continues to grow,
we need to be able to understand the impact of global average ozone,"
Shepson said. "Understanding ice and snow is part of that."

More information:

• Snowflake surface chemistry images: 
www.chem.purdue.edu/shepson/snowflake.html
• Knepp's research was published Oct. 16 in the online journal 
Atmospheric Chemistry and Physics. A downloadable version of the
article is available at www.atmos-chem-phys.net/9/7679 …
acp-9-7679-2009.html
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