Furthermore, our fiber optic cables connecting the probe-head to the laser light source and returning the Raman scattered light to the spectrometer were not pressure tolerant, and considerable loss of signal was experienced below 500m water depth.  These losses were likely a result of the fiber’s protective jacketing pressing down unevenly on the fibers.
Any maintenance of the spectrometer required its removal from the pressure case.  This required disassembly of the camera from the optical bench and a loss of alignment and calibration.   

An increase of sensitivity on the order of twenty-fold is needed to detect bicarbonate and carbonate in seawater; an increase of fifty-fold is needed in order to make quantitative measurements from which the total CO2 concentration or pH could be calculated with the desired degree of accuracy to be useful. 

In Situ Calibration

In addition, we are developing new methods for calibrating the instrument in situ. The test calibration module is comprised of a luminescent glass slide (NIST SRM2242), which provides a relative intensity correction, and an acrylic standard block, which provides fixed line emissions across the full spectrum enabling wavelength correction. These techniques have been tested during recent deployments to depths of 1000m.

Lab and Field Testing

During development we selected several simple experiments that would both help guide the development of the instrument and produce useful and cutting edge science.  Initially, it was not possible to have precision control over the position of the focal point of the laser beam, so we selected transparent targets that did not require fine focusing.  In this way, we were able to observe pressure and temperature effects shifting the position of the Fermi diad in liquid CO2.  We also observed the disproportionate dissolution of artificial gas mixtures (CO2 & N2, CH4 & H2S) vs.  time in the deep sea.

As our observational capabilities increased, we pursued more ambitious targets.  We looked for natural samples of methane hydrate in situ at Hydrate Ridge off the coast of Oregon, hydrothermal mineral formation on Gorda Ridge, also off the coast of Oregon, and at a Barite formation in Monterey Bay.  More recently, we have investigated the fractionation of a complex mixture of hydrocarbons during the formation of methane clathrate during a controlled sea-floor experiment.
System Sensitivity with Original Fiber Optic Cables

One example of the effects of the signal loss at pressure through our original fiber optic cables can be seen when comparing Barite spectra taken in the lab and taken at Gorda Ridge.  Fig.  6 presents two Barite spectra both taken with the same model of spectrometer, one a lab unit and one an ocean going unit.  In both panels, the units on the X-axis are Raman Shift (cm-1) and the units on the Y-axis are arbitrary relative intensity units.  In panel B, the spectrum shown was collected at room temperature in the lab [8].  This spectrum, in which multiple peaks are clearly visible, represents about the best we could hope to achieve.  Panel A presents a Barite spectrum collected at Gorda Ridge at a depth of approximately 2700m.  In this spectrum the 987 cm-1 peak is barely visible and the 457 cm-1 peak is not detectable.  One way to increase the signal is to increase the accumulation time.  However bottom time on the ROV is limited and very expensive, so Less than 2% error between white light corrected and SRM 2242 corrected spectra. Difficulty extracting water signal when using stand-off optic

this is not the best solution.  With increased sensitivity we hope to improve the system performance at important sites such as these.  

.  Acrylic is a material that we frequently use as a reference material due to the large number of peaks across a wide spectrum.  Three acrylic spectra, taken at different depths presented in Panel A illustrate the signal degradation as a function of depth with our original fibers.  Panel B presents two acrylic spectra taken during a separate dive with our new oil-filled cables.  In both cases a piece of acrylic was mounted as close to the focal point of the laser as possible.  These spectra were collected with our stand-off optic which has a long focal length.  Due to this fact, there is also a large component of the seawater spectra in addition to the acrylic peaks.  The spectra displayed in panels A and B were
One end of the cable used a Swagelok cross to allow connection to an extra length of oil-tolerant Tygon tubing to act as a reserve for the silicon compensation oil. For the final assembly a slight overfill with silicon oil was used to maintain positive pressure against the water.

