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Glyoxal is one of the key reactive intermediates in the atmospheric oxidation of 
hydrocarbons, particularly biogenic VOCs and aromatic compounds.  It is the simplest α-
dicarbonyl species, and it can serve either as a source of radicals through its photolysis or 
as a source of secondary organic aerosol through its heterogeneous uptake and 
subsequent oligomerization.  It also has strong visible absorption bands that facilitate its 
detection via spectroscopic methods.  Cavity enhanced spectroscopy, CES, is a recently 
developed technique for high-sensitivity, spectrally resolved measurements.  As shown in 
Figure 2, it employs a broadband light source, such as a light emitting diode (LED), an 
optical cavity and a grating spectrometer / CCD.  The technique can achieve optical path 
lengths of several tens of kilometers for measurement of atmospheric trace gases at sub 
part per billion levels. 
 

 
 
Figure 2. Simplified schematic of a broadband CES instrument 
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Figure 1.  Prototype visible cavity enhanced 
spectrometer at the Pasadena ground site 
during CalNex 2010 



The CES technique has been demonstrated for measurement of glyoxal in both the 
laboratory [Washenfelder et al., 2008] and in the field during CalNex 2010 
[Washenfelder et al., 2011; Young et al., 2012]. Ground based CES measurements during 
the CalNex 2010 campaign also included nitrogen dioxide (NO2) and HONO [Young et 
al., 2012]. 
 
For SENEX, a new version of the instrument will be constructed that is aircraft certified 
and that has sufficient sensitivity for rapid (≤ 10s) measurements of glyoxal at its 
expected ambient concentrations in the Southeast U.S.  The instrument will also provide 
high sensitivity measurements of nitrogen dioxide.  The new instrument will be called 
“ACES,” for “Airborne Cavity Enhanced Spectrometer.”   
  
References 
 
Washenfelder, R. A., A. O. Langford, H. Fuchs, and S. S. Brown (2008), Measurement of 

glyoxal using an incoherent broadband cavity enhanced absorption spectrometer, 
Atmos. Chem. Phys., 8, 7779-7793. 

Washenfelder, R. A., C. J. Young, S. S. Brown, W. M. Angevine, E. L. Atlas, D. R. 
Blake, D. M. Bon, M. J. Cubinson, J. A. de Gouw, S. Dusanter, J. Flynn, J. B. 
Gilman, M. Graus, S. Griffith, N. Grossberg, P. L. Hayes, J. L. Jimenez, W. C. 
Kuster, B. L. Lefer, I. B. Pollack, T. B. Ryerson, H. Stark, P. S. Stevens, and M. 
K. Trainer (2011), The glyoxal budget and its contribution to organic aerosol for 
Los Angeles, California during CalNex 2010, J. Geophys. Res., 116, D00V02, 
doi:10.1029/2011JD016314. 

Young, C. J., R. A. Washenfelder, L. H. Mielke, H. D. Osthoff, P. Veres, A. K. Cochran, 
T. C. VandenBoer, H. Stark, J. Flynn, N. Grossberg, C. L. Haman, B. Lefer, J. B. 
Gilman, W. C. Kuster, C. Tsai, O. Pikelnaya, J. Stutz, J. M. Roberts, and S. S. 
Brown (2012), Vertically resolved measurements of nighttime radical reservoirs 
in Los Angeles and their contribution to the urban radical budget, Environ. Sci. 
Technol., in press, 10.1021/es302206a. 

 
 


