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Abstract: <span>How do snowflakes form?&nbsp; What creates their complex, symmetrical and strikingly beautiful shapes?&nbsp; Is it true t
two are exactly alike?&nbsp; Kenneth Libbrecht of Caltech, will reveal the secrets of snowflakes and the molecular dynamics of crystal ¢
through spectacular photographs of these miniature ice sculptures.&nbsp;</span>
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Snowflake Basics I - Faceting

Structure of the Ice Cryvstal = Facets
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Molecules cannot readily attach to smooth surfaces

- facets form as crystal grows
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Faceting is how the geometry of the water molecule
is transferred fo the geometry of a crystal.
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= no 4-, 5- /- 8-sided snow crystals!



Snowflake Basics II — The Branching Instability

Branches form as snowflakes grow larger

A Growth Instability — responsible for most complex structure in snow crystals

The six corners stick out farther into the humid air
So the corners grow faster... branches sprout

/

Diffusion-limited growth
— positive feedback
— growth instability
— branching, sidebranching ...
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Snowflake Basics 111 - Complexity and Symmetry

(an explanation of the “No-Two-Alike” conjecture)

-‘* " I
= . . n, . 1= /,' _,_-.1"
e Nucleation of ice particle ) ,-.:.,,\_:_;-
< 5

Grows to hexagonal prism, since. 48 '.-z:wf.-'- ! 2
smooth facets grow most siuw% @7 MRAS |
P s
Y il t
Simple plate unstable as crystal 25 AN
grows larger ... corners sprout /§v

arms Z4 Y Y
| Y dib gl
Crystal moves to different ST

temperature ... plates grow on arms

Crystal moves through many different tempemtures
/ each change causes new growth behavior on arms

Complex history > Complex crystal shape
Each arm experiences same history 2 Symmetry
No two paths are the same 2> No two alike

All because growth sensitive to temperature, humidity




Basic features:

faceting,
branching,
side-branching,

A snow crystal:
a single crystal of 1ce
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Each i1s a snow crystal — a sinele crystal of ice. ..




Mineral crystals also show diverse morphologies

~5000 different minerals known (including ice)

molecular structures determined by X-ray crystallography
growth morphologies cataloged for some

growth often complex (as with ice)

Crystallography = statics problem
Crystal growth = dynamics problem

Model growth from molecular dynamics simulations?
No, simulations cannot deal
with range of lengths, times

— morphologies, growth rates cannot yet
be explained (for essentially all crystals)
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Growth dvnamics is important for industrial crystals
(but trial-and-error is still the most successful engineering strategy) Semiconductor crystals

synthetic gemstones

Protein crystals

Biomineralization

The fundamental physics of crystal growth is not well
understood... even in silicon and other industrial
crystals.

Engineering =2 recipes 2 desired final products

birsa: 12020152 = morphologies, growth rates not well understood Page 211151
...technology advances if understand basic science better




A case study in crystal growth...
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Why Ice?

- Monomolecular System

- Well Characterized Material
- Growth from Vapor

- Rich Phenomenology

- Inexpensive

- No Safety Issues

- Many Unsolved Puzzles

—> Molecular Dynamics of
Crystal Growth

Ice growth from water vapor
1s a fascinating physical system
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Growing Snow Crystals in the Lab

—— Compressed Gas
; Nucleator
___ Coodling
/ Pipes
Heated Substrate
Water

Video Camera [:l i
i
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Microscope Objective

Tank chilled to desired temperature

Heated water provides water vapor; mixed
by convection

Mucleator creates pulses of cold gas to
produce crystals

Crystals fall and are viewed on substrate
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Laboratoty Grown Snow Crystals: At-2 C

, 30,

(3@%& Q@OOQ@QQQ o8 2

942\9_@ OO0 R @ @ /:> @
50 micron Mostly small, thin plates (some seen edge-on)

scale bar Some columns, odd-looking crystals, etc.
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Laboratoty Grown Snow Crystals: At-5C
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Laboratoty Grown Snow Crystals: At-15C

50 micron Mostly large, very thin plates

scale bar Some hexagonal, some branched
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The Snow Crystal Morphology Dia;

Plates Columns Columns and Plates
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2Dis::r:mered in late 1930s by Ukichiro Nakaya; still an unsolved puzzle ..




Pictures taken with a
snowflake photo-microscope

But you can also see a lot with a
simple magnifier ...
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Snow crystals can break...




Snow crystals evaporate (elapsedtime, 2 minutes) ...
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Not all snow crystals

are beautifully formed
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Fairbanks, Alaska




Kiruna, Sweden
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Cochrane, Ontario




Cochrane, Ontario

Best conditions for photographing snowflakes:
T~ 15€C

Frequent Light snowfalls

Little wind
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Changing
color
filters...




Lighting from the back Lighting from the front
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colors from illumination
(not polarized light)
(not colonzed)



















What Falls from the Sky...

Simple Plates and Columns

Hexagonal Prisms

column plate
i j: ] E ES
e

6 prism facets 2 basal facets

Small, about 0.3 mm
Faceted

Often hollow faces
Usually patterned

ki
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