
	
Aerogel	Volatiles	Concentrator	and	Analyzer	(AVCA)	–	Collection	of	trace	
volatile	organics	in	aerogel	for	spectroscopic	detection,	S.	M.	Jones1,	A.	Tsapin2,	
M.	Petkov1,	D.	Borchardt2,	M.	S.	Anderson1	1 Jet Propulsion Laboratory, California Institute of 
Technology, 4800 Oak Grove Drive, Pasadena,	California 91109, USA 2 University California at Riverside, 
900 University Ave., Riverside, CA 92521
     Introduction: New approaches to conduct 
analyses to determine the distribution and 
composition of organic molecules in the 
regoliths of planets and small bodies are needed 
to further NASA’s Planetary Program and, 
specifically, the Astrobiology Program. Current 
spectrophotometers are capable of detecting and 
identifying organic molecules down to ppt or 
ppm levels, depending on the specific method. 
However, some organic moieties are probably 
present in extraterrestrial regoliths and 
atmospheres at concentrations below even these 
levels.  One way of enhancing the spectroscopic 
signals available from volatile organics in 
extraterrestrial regoliths and atmospheres is to 
collect and concentrate these molecules in 
aerogels.  
     Two spectroscopic based instruments that are 
currently being developed are VAPoR (Volatiles 
by Pyrolysis of Regolith) and SHERLOC 
(Scanning Habitable Environments with Raman 
and Luminescence for Organics and Chemicals). 
VAPoR pyrolyzes regolith samples to release 
volatile organics that are then analyzed by time-
of-flight mass spectrometry [1,2,3]. SHERLOC 
is being developed for the 2020 Mars Rover 
payload and would conduct analyses of organics 
and minerals by Raman and luminescent 
spectroscopies [4].  
     The advantages of the instrument presented 
here (AVCA) are the following: 
1. Passive collection by aerogel and minimal 
handling requirements of samples; 
2. Trace molecular species are concentrated in 
aerogel by up to three orders of magnitude for 
subsequent analysis; 
3. Combined analyses by Laser Induced 
Fluorescence (LIF), Raman and Fourier 
Transform Infrared (FTIR) spectroscopies 
provide high sensitivity and specificity. 
     Aerogels are transparent, very low density, 
high surface area porous network [5,6,7,8]. For 
the detection of trace volatile organics, aerogels 
are used to collect and concentrate the organics 
and make them available in increased 
concentrations for detection and identification by 
spectrophoto-meters. Since molecules collected 
in aerogels remain adsorbed to the internal 

surfaces of the aerogel for extended periods of 
time, the analyses can be done over extended 
periods of time, then the aerogel can store the 
sample(s) for future analysis or the integration 
time of the instrument can be increased to 
enhance the signal obtained.  
     Methods: The aerogels used in this study 
were produced by a modified two-step method 
developed by Tillotson and Hrubesh [9].  They 
were typically discs of density 90 mg/cc. An 
aerogel disc was placed in a sample chamber that 
contained one or more organic compounds. The 
chamber was heated (~60C) to ensure that the 
organics were converted from a solid or liquid to 
the vapor phase. Naphthalene and acetaldehyde 
were mixed into simulated Martian regolith to 
demonstrate the release of organics from a 
regolith and their subsequent adsorbtion by the 
aerogel. The regolith was placed in a chamber 
with pieces of aerogel and heated (60C) to mimic 
the release of trace organics from regolith and 
concentrated by aerogel.  
     The FTIR data were collected on a Nicolet 
6700 spectrophotometer operating in the 
transmission mode using Omnic software 
version 7.4. Spectra were collected with a scan 
number of 16 and a resolution of 4 cm-1 over the 
range 6000 cm-1 to 375 cm-1 using air as 
background. All spectra were processed using 
default Omnic processing parameters.  
     A Horiba LabRam HR Confocal Raman 
Spectrophotometer was used in this study. The 
excitation wavelength used was 532 nm with ~15 
mW irradiation power at the sample. 
     An ultraviolet fluorescent miniPL/Raman 
spectrophotometer made by Photon Systems was 
used in this study. The excitation wavelength 
used was 254 nm, indicated by the small peak to 
the left in each spectrum. 
     Results: Initially, experiments were done to 
demonstrate that aerogels collect and concentrate 
trace organic compounds from ambient 
atmospheres. Figure 1 shows fluorescence 
spectra of benzene, phenanthrene, anthracene 
and fluorene that had been collected and 
concentrated in aerogel cells.  Tests of the 
detection limits of naphthalene, anthracene, 
phenanthrene and fluorene by this method were 
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done by obtaining spectra of serially diluted 
samples of these compounds in ethanol. The 
detection limits were found to be 2.5 ppm, 8 
ppm, 7.5 ppm and 2.5 ppm, respectively.  

Fig. 1 –escence spectra of benzene (blue), 
phenanthrene (red), anthracene (green) and 
fluorene (purple).  
 
     Many organic compounds were also detected 
by FTIR and Raman spectroscopy. Figures 2 and 
3 show FTIR and Raman spectra of acetonitrile 
and acetaldehyde, respectively. FTIR spectra of 
acetic acid, ethyl acetate, methyl ethyl ketone, 
acrylonitrile, benzene and formic acid and 
Raman spectra of imidazole, methyl ethyl 
ketone, naphthalene and phenanthrene were also 
obtained. 

Fig.2 – FTIR spectra of blank aerogel (blue) and 
aerogel with acetonitrile (2297 and 2263 cm-1).  
 
 
Fig. 3 – Raman spectra of aerogel blank (blue) 
and aerogel with acetaldehyde (red)  (484, 512, 
1434, 2996, 3009 cm-1)  

 
     Naphthalene and acetaldehyde released from 
simulated Martian regolith and concentrated in 
aerogel were detected and identified by LIF and 
FTIR spectroscopy, respectively.  
     Conclusions: Aerogels can be used to collect 
and concentrate trace organic compounds for 
detection and identification with LIF, FTIR and 
Raman spectroscopies. This study demonstrated 
that volatile organics can be desorbed from a 
regolith material, adsorbed by aerogels and that 
LIF, FTIR and Raman spectroscopies  can then 
detect those organics when present at ppt and 
ppm levels. 
     The instrument concept presented here 
compares favorably with the sensitivities of the 
other instruments, such as SHERLOC, which can 
detect organics by fluorescence in the ppm range 
and by Raman in the ppt range. However, this 
instrument concept has the additional advantage 
of employing three types of spectroscopy to 
better detect and identify molecular species. 
Fluorescent, Raman and infrared 
spectrophotometers for space flight missions 
have already been developed. The further 
development of this concept would require 
primarily the refinement of the sample and 
aerogel handling procedures. With continued 
work, it is believed that this technique could be 
very effective in detecting and identifying trace 
volatile organic molecules that might otherwise 
go undetected.  
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