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valve
gases in

to MS

acid
cooling bath

lift to expose•The gas-phase 
composition over a 
cold acid surface is 
monitored with mass 
spectrometry  
•A drop in the gas-
phase organic species 
is observed as it is 
taken up into the acid 

Uptake of Ethanol Vapor by Aqueous H2SO4
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•Raw data show 
significant loss of ethanol 
occurs during exposure to 
the acid/water surface 

Motivation & FocusMotivation & Focus

Determination of Henry’s Law Solubility, H*
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• When γ-1 versus √t is 
plotted, solubility is 
calculated from the 
slope of the line

•From the raw data 
and experimental 
parameters the uptake 
coefficient, γ, is 
calculated 

m/z = 46; 219 K;
60 wt% H2SO4;
H* = 3.2×106 M/atm

Summary of Ethanol Solubility

• Ethanol is 
extremely soluble 
under these 
conditions

• Solubility is 
enhanced at high 
acidities, in part 
by protonation

66 wt% H2SO4

60 wt% H2SO4

39 wt% H2SO4

“water”

methanol

ethanol

100 ppt formaldehyde

70 ppt acetaldehyde

acetone

50 ppt 

500 ppt

500 ppt 

methanol

ethanol
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Ethanol Accumulation in ParticlesEthanol Accumulation in Particles

60 wt% H60 wt% H22SOSO44
12 km, 225 K12 km, 225 K
0.1 0.1 µµm radiusm radius

• A small gas-phase amount of 
ethanol is responsible for the second 
most abundant solute

Relative Abundance by Mass

• Does not account for organic 
content in the remote atmosphere: 
only 0.001 % carbon by mass

OH
H2SO4 OSO3H

H2O+ +

R=H or CH3

OHH

R

OH

 

*

H

R
O *n

 +n nH2O

•esterification: too slow?

•gem-diol polymerization:

•Uptake of 
acetaldehyde (a) is 
enhanced by 
formaldehyde in the 
acid (b). (Note plots 
are the inverse of 
uptake.)

ConclusionsConclusions

Future WorkFuture Work

•Ethanol evaporates from fuels.  
•Organic matter has been found in 
remote particles. particle chemistry

particles transport chemicals to 
lungs or sensitive ecosystems

cloud formation 
on particles

release of toxic 
gases

absorption/reflection of 
solar radiation

•How much ethanol is absorbed by particles?
•Will ethanol react in/on particles? 
•What effects will it have on cloud formation and 
therefore climate?
•Are there health effects to consider? 

•Recovery is slow: lots of 
ethanol can be taken up 
before saturating the 
solution

•acetal formation: untested

• Ethanol vapor is quite soluble in sulfate 
solutions

• Dissolution alone does not explain 
organic content of particles

• Reaction of ethanol with sulfuric acid 
is too slow to observe

• Investigate acetal formation from 
ethanol and aldehydes

• Investigate reaction of ethanol with 
sulfuric acid at warmer temperatures

Dissolution: Not Enough Reaction: the Alternative
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evidence for reaction 
between different 
organic compounds
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