
Speciation, location, and reactivity 
of aldehydes in snow

Florent Domine
Manuel Barret
Stephan Houdier
Jean-Charles Gallet
Didier Voisin 
Petter Weibring
James Walega
Alan Fried
Dirk Richter

CNRS-INSU, Laboratoire de Glaciologie, Grenoble, France

National Center for Atmospheric Research, Boulder, 
Colorado, USA



Honrath et al. (1999) 
Evidence of NOx production within or upon ice particles in the Greenland snowpack 

Sumner and Shepson (1999) 
Snowpack production of formaldehyde and its effect on the Arctic troposphere
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Lifetime for common aldehydes: 
mins to hours

Aldehydes in polar environments 
can be produced locally

Aldehydes in the polar atmosphere
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Aldehydes of interest
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Formaldehyde

Glyoxal Methylglyoxal

Glycolaldehyde

- OH source 

- Involved in secondary aerosol production
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Questions about Aldehydes

- Where are they located in snow ?

- What is their reactivity ?

- What are the processes of exchange with the atmosphere ?

- Which aldehydes are present in snow ?
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The case of HCHO – known lab data
1- Adsorption is weak 2- Formation of an ice-HCHO solid solution

Ice single crystal exposed to PHCHO

Serial sectioning on lathe in cold room

Typical diffusion profile
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HCHO – H2O phase diagram
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Equilibrium of polar snow
Diamond dust : clear sky precipitation

Submillimetric crystals that form at ~ 200 m
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Equilibrium of polar snow
Alert : Supersaturated
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Evolution of Barrow surface snow
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Measure : - Snow SSA   SSA= 90 m2 kg-1, Re= 41 µm
- XHCHO, snow
- PHCHO, 3 heights

Upward HCHO flux
XHCHO increases

 There is an HCHO source in the snow, most likely photochemical



Solid state diffusion model

Alaska Standard Time

[H
C

H
O

]s
no

w
 (p

pb
w

)

 
3 Apr - 06h 3 Apr - 18h 4 Apr - 06h 4 Apr - 18h

2

3

4

5

6

7

8

9 Estimated inital DD
Snow Samples
Solid State Diffusion model

Diamond dust : SSA= 90 m2 kg-1, Re= 41 µm
PHCHO = value measured at 0.6 m

Solid state diffusion into spheres, DHCHO = 6 x 10-12 cm2 s-1



Conclusion on HCHO air-snow exchange

Diamond dust is formed 
undersaturated

h

R
R

Diffusion

Surface processes need not be considered to explain HCHO air – snow exchanges

Note : This conclusion was already reached by Perrier et al. AE 2002, Alert special issue



What about other aldehydes ?
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Acetaldehyde, glyoxal and methylglyoxal all correlated with formaldehyde

 Similar formation process: photochemistry of organic particles

Adsorbed ? Dissolved ?

 In organic particles (?)



Aldehyde production in snow
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To understand aldehyde production: organic particles composition and reactivity

CH3

CH3

To understand aldehyde emissions: diffusion and solubility, particle thermodynamics


