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(Introduction) Abstract- MBARI is a non-profit privately funded research institute devoted to the development of technology that supports ocean sciences. The mission of MBARI is to achieve and maintain a position as a world center for advanced research and education in ocean science and technology, and to do so through the development of better instruments, systems, and methods for scientific research in the deep waters of the ocean. One current challenge in ocean science is the measurement of CO2 & CH4 hydrates and the identification and observation of phase changes associated with these hydrates. One possible solution under investigation is adapting Laser Raman Spectrometry for use in the deep sea. The Laser Raman spectrometer (LRS) is a powerful, non-destructive tool that allows the user to obtain quantitative and qualitative molecular data on a variety of solids or solutions. The ability to obtain specific information on chemical and physical characteristics of a target sample using non-invasive techniques, which do not disturb the environment, holds distinct advantages to classical methods of identifying and sampling specimens from the seafloor.

(Systems overview) Adapting the LRS for use in the ocean requires a support ship and a means of delivering the instrument to the investigation site. MBARI is fortunate to have access to these 

(Raman Scattering) The Raman Spectrometer uses a high intensity laser light, which induces a vibration in the molecular structure of the target sample. The molecular vibration causes scattered light from the laser to be shifted in wavelength. These shifted wavelengths give discrete spectral patterns characteristic of the target molecules. When light is scattered from a molecule most photons are elastically scattered. The scattered photons have the same energy (frequency) and, therefore, wavelength, as the incident photons. However, a small fraction of light (approximately 1 in 107 photons) is scattered at optical frequencies different from, and usually lower than, the frequency of the incident photons. The process leading to this inelastic scatter is the termed the Raman effect. Raman scattering can occur with a change in vibrational, rotational or electronic energy of a molecule. 

(Raman Vs classical spectroscopy) The difference between the Raman effect and a classical spectroscopy is the Raman measures the change in wavelength of the scattered electromagnetic radiation (photons) not absorption or emission of the electromagnetic radiation itself. The Raman is a very weak interaction compared to most spectral analytical techniques, but the associated hardware is simple compared to other equivalent measurement systems. 

(Pressure Vessel Design) The design depth for the LRS system is 4000m seawater, at this depth the housing needs to withstand close to 6000PSI water pressure. The housing incorporates a version of the classical ring stiffened cylinder design. This pressure vessel design allows for the entire optic bench to be enclosed with little assembly and no alteration to the original configuration.

(System Thermodynamics) Enclosing the spectrometer in a vessel for underwater service requires the CCD camera, which acquires the scattered photons, to be cooled. The cooling is accomplished externally from the main housing by pumping fluid through bulkhead fittings to an external heat exchanger and back into the main housing.

(Remote communication & control)
(Intensity & wavelength calibration)
(Green house gas studies)
(Cold seep)
(Pore water)
