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Introduction:  VOLTR (Venus Optofluidic Liquid 

TRap) seeks to identify unknown UV absorbers, char-

acterize atmospheric constituents (elemental, molecu-

lar), and assess habitability or detect traces of life in 

potential habitable zones in Venus’ clouds (~50 km, 1 

atm, and 60 oC). VOLTR accomplishes this by per-

forming in-situ passive aerosol capture and ultrafast 

analysis during a descent through the cloud deck of 

Venus. Aerosols are captured on a plasmonic mesh 

which is directly coupled to a compact spectroscopy 

instrument, enabling highly-sensitive surface-enhanced 

Raman spectroscopy (SERS) and laser-induced break-

down spectroscopy (LIBS) measurements for composi-

tional analysis of the captured sample. Spectral data is 

analyzed, interpreted, and compressed in real time dur-

ing the descent to maximize scientific output while 

minimizing data transmission. 

VOLTR Innovations: VOLTR (Figure 1) is a sci-

entific payload that takes advantage of (1) the unique 

ability of Raman spectroscopy to qualitatively deter-

mine molecular composition, structure, and organic 

functional groups; (2) SERS technology pioneered by 

our team that enables ppb-level or better detection of 

organic compounds; (3) ppm LIBS elemental identifi-

cation; and (4) at-the-edge computing technologies 

also developed by our team for onboard lossless spec-

tral data processing and compression.  

VOLTR integrates an aerosol trap with a compact 

multi-spectroscopy instrument. The aerosol trap has a 

modified (physically and chemically) surface that pro-

vides plasmonic binding sites (1) for captured analyte 

to adhere to and (2) that enhance the Raman scattering 

intensity by orders of magnitude. The induced nano-

texturing is homogenous across the mesh surface, im-

proving the reproducibility between measurements. 

The mesh pore sizes can be varied during fabrication, 

enabling the targeting of size ranges predicted for Ve-

nus’ atmosphere (0.3 to 8 µm mean diameter [1]), es-

pecially in the habitable zones. The optofluidic trap is 

exposed directly to the spectroscopy instrument such 

that no sample manipulation is necessary to analyze 

the captured aerosols 

The multi-spectroscopy instrument, pioneered by 

our team under NASA SBIR awards (Contract #s: 

80NSSC19C0333 and 80NSSC20C0156), consists of a 

kHz-pulsed 515nm laser incorporated into a novel op-

Figure 1. VOLTR concept of operation. As a spacecraft or probe descends through the cloud deck, inlet funnels 

aerosols into an optofluidic aerosol trap. The laser rasters the trap and performs ultrafast spectroscopy measure-

ments, switching between SERS and LIBS measurements by modifying the instrument focus and laser parame-

ters on the fly. The payload can perform continuous monitoring during descent through the clouds or can incor-

porate an in-situ cleaning procedure to enable discrete sampling and compositional depth profiling.  
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tical probe with autofocusing and beam steering capa-

bilities with no moving/translational parts [2]. The 

instrument can perform autofocusing and laser raster-

ing on-the-fly without the need for any sample ma-

nipulation nor user input, and can rapidly switch be-

tween SERS and LIBS measurements by tuning the 

laser parameters and measurement settings in-situ. 

VOLTR Performance: Preliminary SERS analy-

sis of astrobiological analog samples for Venus and 

Ocean Worlds has demonstrated the detection of weak 

Raman peaks indicative of organic compounds and 

other constituents (Figure 2). Peak identification and 

database matching algorithms being built out for 

VOLTR onboard analytics indicate a strong match for 

β-carotene present in the Antarctica sample extract. 

Previous SERS testing (Figure 3) by our team of or-

ganic dyes and bacteria strains have demonstrated key 

peak detection down to 10-7 (48 ppb w/w). 

Our team has also demonstrated fly-through sample 

capture and subsequent SERS analysis of geyser 

plumes where weak Raman signals from silica and 

organics were detected from the captured aerosols, 

successfully simulating VOLTR’s concept of opera-

tions in a relevant environment (Figure 4).  

 
Significance: VOLTR addresses the need for in-

situ, high sensitivity compositional analysis of Venus’ 

atmosphere and provides contextual information to 

help answer a key astrobiology question: what is the 

mysterious UV absorber? VOLTR is a low-SWaP sub-

system that can be configured for a variety of mission 

architectures to enhance the sensitivity of Rama in-

strumentation for detection of trace compounds, organ-

ics, and biosignatures during aerosol capture. Combin-

ing complementary, co-located SERS and LIBS meas-

urements in a single, compact instrument architecture 

provides unprecedented in-situ spectroscopy data nec-

essary to characterize aerosols and clouds on Venus 

and Titan or other plume sampling Ocean Worlds. 
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Figure 2. SERS measurements acquired on a Venus analog sample (left) and a lipid extract from an Antarctica 

sample. Database searching indicates a strong match for β-carotene in the Antarctica Extract (key peaks around 

965, 1007, 1157, and 1516 cm-1, labeled on plot). Database matching underway for Venus Analog (key peaks 

labeled on plot around 579, 1184, 1436, and 1619 cm-1). 

Figure 3. SERS measurements on Rhodamine 6G 

organic dye using custom fabricated SERS-active 

aerogel demonstrating low detection limits. 

Figure 4. 

VOLTR con-

cept of opera-

tions per-

forming an 

in-situ SERS 

measurement 

during plume 

fly-though. 
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