
DEEP UV NATIVE FLUORESCENCE AND RESONANCE RAMAN IMAGING SPECTROSCOPY FOR 
IN-SITU ORGANIC DETECTION.  R. Bhartia1, M. D. Fries1, W. H. Hug2, R. D. Reid2, L.W. Beegle1, A. 
Alwood1, A.L. Lane1, E. C. Salas3, K. H. Nealson4; 1Jet Propulsion Laboratory, California Institute of Technology, 
4800 Oak Grove Dr. Pasadena Ca, 91109. 2 Photon Systems, 1512 Industrial Park St, Covina Ca, 91722, 3 Rice 
University 6100 Main St. Houston, TX 77005, 4 University of Southern California, Los Angeles, CA 90089.  

 
Non-invasive imaging techniques that preserve spatial 
context and are sensitive to trace organics on surfaces 
are limited. Although Raman imaging spectroscopy 
and FTIR methods have been making progress in this 
area they are best suited for condensed materials; ideal 
for mineralogy but not for trace levels of organics.  
Novel developments in laser technologies enabling 
excitation in the deep UV (<250 nm), now offer a 
unique capability for imaging trace levels of organics 
using a combined method of native fluorescence 
detection and resonance Raman spectroscopy.  
 
Traditionally fluorescence has plagued Raman 
spectroscopists and has resulted in any number of 
methods to eliminate or reduce overshadowing 
fluorescence backgrounds emanating from 
contaminating organics or defects/impurities in 
minerals. Since fluorescence is many orders of 
magnitude stronger than the strongest Raman bands, 
utilizing it for detection is ideal. With the fluorescence 
region stretching from 260 to 900 nm a “fluorescence 
free Raman region” below 265 nm is present [1,2,3]. 
Therefore by utilizing an excitation wavelength  <250 
nm, a fluorescence free Raman region and the full 
extent of the fluorescence region can be acquired 
simultaneously.  
 
The fluorescence response from deep UV excitation 
enables sub-ppb detection of aromatic organics ranging 
from simple, single ring features to large fused 
aromatic compounds without the interference from 
mineral fluorescence. Although detection of poly 
aromatic hydrocarons (PAHs), aromatic degradation 
products, or aromatic amino acids would provide 
evidence of exogenous or endogenous organics, other 
organic types such as aliphatics are not detectable. 
Fortunately, the deep UV also enables detection of 
these non-fluorescnent compounds with enhanced 
Raman scattering through resonance effects for key 
vibrational bonds (CN, CH, NHx, C=O, C=C, and 
NOx, and OH) with enhancements of 106 over tradition 
visible or NIR Raman scattering. 
 
In addition to laser optimization, contextual 
information (i.e. images) is necessary for meaningful 
measurements. Organic composition of a sample 
without spatial correlation limits the scientific utility of 
these measurements. As such point spectroscopy is not 
sufficient. This capability is found in state-of-the-art 
laboratory Raman spectrometers with mapping cm2 

areas co-located with visible images for additional 
context. 
 
Obtaining trace organic detection coupled to spatial 
mapping for in-situ analysis is ideal. To date however, 
optical instruments developed for either spaceflight or 
field deployments have been limited visible 
wavelengths utilizing point spectroscopy or line 
scanning methods. In collaboration between JPL and 
Photon Systems we have incorporated these lasers into 
laboratory and field instruments. In addition to 
optimizing the wavelength, these instruments are 
capable of spatially mapping to understand the 
distribution and variability of organics. We will 
demonstrate the exquisite sensitivity to organics and 
the scientific benefit of mapping these features and on 
martian-relevant samples.  
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Fig1.  (Top) image Svalbard peridotite showing 
coarse-grained olivine, pyroxenes and chromium 
diopsides. Image is 5cm wide. The red box shows 
the location from which deep UV Raman and 
fluorescence data were acquired. The Deep UV 
fluorescence image (bottom) showing native 
carbonaceous materials condensed from mantle 
volatiles located amongst the chromium 
diopsides. 
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