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Introduction

We have carried out a novel experiment to determine in situ the dissolution rate of gas mixtures injected into the deep ocean. Our purpose in doing so was first to test under field conditions proposals for ocean CO2 sequestration without prior CO2 capture (1), based upon the marked differential solubilities of CO2 and N2 gases in cold sea water at high pressure (2,3). And second to make advances in the use of newly developed Raman spectrometric techniques (4) for deep-sea geochemical studies, not only for chemical identification but also for observations of the rate of change of gaseous chemical species with time. The dissolution behavior of gas bubbles is of fundamental interest to ocean scientists for reasons as diverse as their role in air-sea gas exchange (5), to the fate of gases vented from the deep ocean floor (6,7).

For any CO2 sequestration procedure the cost and complexity of CO2 capture from the combustion stream dominates the economic equation (8). Thus ocean injection of a N2/CO2 mixture at relatively shallow depth, combined with piped transfer of the dense CO2 rich sea water formed to great ocean depth, and release of the excess N2 gas, offers the possibility of cost savings. The trade off is the increased cost of pressurization of the N2 gas, and thus use of an enriched CO2 stream is preferable. For this reason we selected a 50%/50% CO2/N2 gas mixture for our study. These ocean gas injection schemes rely on a rising bubble stream to provide the surface area required for rapid dissolution. We have developed techniques for direct visual observation of rising bubble (7) and droplet (9) streams in the ocean, but adopt here spectrometric analysis of a small gas volume exposed to the open ocean but held at fixed depth, temperature, and pressure for the duration of the experiment.
Raman spectrometry has been little used as tool for the ocean scientist, but it offers the potential of rapid, non-destructive analysis of solids, liquids, and gases and recent technical developments (4) have enabled its use in the deep sea. The complexity of the typical optical path renders Raman most useful as a chemical identification tool rather than for quantitative analysis. However with the probe tip fully surrounded by gas the simplicity of the path clearly enables quantitative measurements (10). Here we take advantage of this, and extend the concept by accumulating spectra so as directly observe the changing composition of the gas mixture with time.
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