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Abstract  -  Engineers and scientists at the Monterey Bay Aquarium Research Institute (MBARI) have successfully developed instrumentation for performing laser Raman spectroscopy in the deep ocean.  Laser Raman spectroscopy is a type of vibrational spectroscopy that is capable of performing rapid, non-destructive, in situ geochemical analyses.  The Deep Ocean Raman In Situ Spectrometer (DORISS) is based on a laboratory model laser Raman spectrometer from Kaiser Optical Systems, Inc.  The sample is interrogated by a 532 nm laser and the Raman backscattered radiation passes through a holographic grating and is recorded on a CCD camera.  Laser Raman spectroscopy is capable of analyzing a variety of solid, liquid and gaseous species. Due to the strict requirements for positioning the laser focal point when analyzing opaque samples, a Precision Underwater Positioning (PUP) system was built to position the DORISS probe head with respect to the sample.  PUP is capable of translating the DORISS probe head in 0.1 mm increments with 1 mm repeatability.

DORISS and PUP are deployed by MBARI's remotely operated vehicles - ROVs Tiburon and Ventana - and are controlled by a scientist aboard the surface ship.  DORISS and PUP have been deployed a number of times in Monterey Bay, the Gulf of California, and  Hydrate Ridge, Oregon for testing and analyses of natural targets of interest. The development of smaller, second generation systems will allow DORISS and PUP to be carried on other deep submergence vehicles for use by the greater oceanographic community.

I. INTRODUCTION

Advancements in deep submergence technologies (e.g., ROVs, AUVs, and observatories) and new discoveries in the deep ocean have given rise to demands for new methods of in situ analyses.  Acquiring data from deep sites without having to recover samples from every dive presents a new challenge to the technical oceanographic community.  Many interesting science targets are not stable when removed from the pressure and temperature regime they are found in, such as high-temperature hydrothermal vent fluids, and gas hydrates.  Other samples are dynamically changing and the goal is to observe the process and record the changes over time.  Laser Raman spectroscopy is a technique capable of performing in situ geochemical analyses, which can analyze solid, liquid, and gaseous targets, as well as dynamic chemical processes in the deep ocean. 

This paper will discuss the development, integration and successful deployments of a sea-going laser Raman spectrometer (DORISS – Deep Ocean Raman In Situ Spectrometer) and positioning system (PUP – Precision Underwater Positioner).  DORISS and PUP have been deployed a number of times on MBARI’s ROVs Tiburon and Ventana (Fig. 1).  Detailed specifications, design challenges, and science results are discussed along with future plans. 
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Fig. 1 – DORISS/PUP Being Deployed on the ROV Ventana in Monterey Bay

II. RAMAN SPECTROSCOPY

Raman spectroscopy is a type of vibrational spectroscopy based on Raman scattering – the inelastic scattering of monochromatic light from a target molecule [1].  An incident photon exchanges energy with the molecule and is scattered with lower or higher energy than the incident energy (Fig. 2).  The change in energy is equal to the change in vibrational energy of the molecule.  The Raman spectrum therefore provides information about both the composition and the structure of the molecule.  
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Fig. 2 – Energy Level Diagram of Raman Scattering 

Despite the fact that Raman scattering is a very weak effect (only 1 in 108 photons are Raman scattered), it is a potentially powerful analytical tool for deep ocean geochemistry.  Raman spectroscopy is rapid, non-destructive, and little to no sample preparation is required.  Unlike IR spectroscopy, water does not cause major interference.  The Raman spectrum of seawater is shown in Fig. 3.  Most importantly, Raman spectroscopy is capable of analyzing solids, liquids, and gases.  
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Fig. 3 – Raman Spectrum of Seawater

Raman spectroscopy is capable of analyzing a large number of targets of interest to ocean scientists. Carbon dioxide (CO2), methane (CH4), and other gases are Raman active.  They can be analyzed as gases, in dissolved form or incorporated in clathrates.  It is possible to distinguish between sI, sII and sH hydrate structures by observing the partitioning of gases into the different lattice cages (large and small).  For targets such as hydrates, with stability zones confined to the deep ocean, it is advantageous to be able to analyze them in situ. 

Minerals and other solid targets can also be analyzed in situ using Raman techniques. Sulfides, anhydrite, calcium carbonates, silicates, feldspars, magnetite, and hematite are just some of the substances that are easily identified.  This prevents the need for an excessive number of samples to be brought to the surface for shore-based analysis, and allows for in situ mapping of mineral distribution. 

III. DORISS DEVELOPMENT

Based on the investigations of MBARI scientists, the possibility of Raman techniques in the deep ocean were determined to be possible. The scientists, with the assembled team of MBARI engineers, set about to outline the conceptual design of a deep ocean Raman spectroscope system.  The decision was quickly reached to reduce risk the team should use off-the-shelf technology to the fullest extent possible. 

IV. PUP DEVELOPMENT
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V. DORISS/PUP DEPLOYMENTS
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VI. CONCLUSIONS & FUTURE WORK
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