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The following is a summary of the initial results obtained on our Kaiser Holoprobe system applied to deionized (DI) water and  sea water samples. The results reported here were obtained with the Kaiser f/3 2.5" stand-off probe. Sample spectra were obtained by illuminating the open liquid contained in a 20 ml. cylindrical vial filled to a depth of at least 3 cm. The samples were illuminated from above with the probe mounted in the downward vertical position and focused at least 1.5 cm. below the surface of the liquid. The laser power was 50 mW, and  each spectrum represents the average of sixteen  4-sec. accumulations


In general our results show that on replicate  spectra taken on the same sample that has not been moved between sample runs, we can obtain absolute intensity values at the ~3450 cm-1 water band to a precision (std. dev.) of 0.61%. We have found, however, that when sampling the liquid from above in this way, the meniscus of the water surface (especially in small diameter bottles and vials) acts as a lens. The absolute intensity of the recorded Raman bands of water can vary by as much as 50% depending upon where you hit the meniscus when you place the sample in the beam.  This lens problem also occurs when sampling liquids by focusing the laser beam through curved bottle walls. The spectra reported were, therefore, scaled to the same Raman peak intensity at 3450 cm-1 which removes the absolute intensity differences due to placement of the sample in the laser beam.


Attached are three graphs of over-laid spectra from DI water, Jill#1(1030 m), Jill#2(1020 m), Site#1 (0 m), Site#2 (0 m), Site#2 (417 m). The first graph F001032A, shows the full, scaled, over-laid , Raman spectra of all samples. The complex OH stretching band with a maximum near 3450 cm-1 dominates the spectrum, and the weaker water bending mode at 1640 cm-1 is readily visible in all samples. Both atmospheric O2 and N2 bands are visible and arise from the air gap between the probe optic and the sample surface. The sea water samples all show a readily detectable Raman band for sulfate ion  at 981 cm-1. In general, however, fluorescence in the sea water arising from excitation with the 532 nm laser, while detectable, DOES NOT prove to be an interference. Its intensity is low enough that it does not contribute any appreciable shot noise to the Raman spectrum. Thus it does not degrade the Raman signal. Note  also the spectral difference between the DI water and the sea water in the  shoulder near  3200 cm-1. Others have reported the effect of salt concentration on this band structure, and we are looking into the literature on clarification of these salinity effects. Clearly, however, for the purposes of evaluating concentration/dilution effects in sea water, the preferred method is to calibrate the band ratios of the sulfate ion (981 cm-1) to the water bending mode at 1640 cm-1. 


The fluorescence signal in the sea water samples, while weak compared to the Raman spectra of water, can still be measured and quantified.  We (and probably Kurt!) are interested in looking at the Raman spectral regions  where one typically would monitoor fluorescence from chlorphyll (~650 nm, or 4000 cm-1 in our Raman spectrum) and from phycoerythrin (~570 - 590 nm, or 1600 cm-1 in our Raman spectrum). I have expanded the red fluorescence region of the Raman spectra in graph F001032B. Note  that the recorded 4000 cm-1 Raman shift from 532 nm corresponds to ~675 nm. If you want to make an approximate conversion from Raman shift to nm absolute use the formula:


nm = 107/[(107/532) -( Raman shift in cm-1)] 

The fluorescence bands in the two samples labeled Site#1 (0 m) and Site #2 (0 M) are readily visible in the Raman spectral region between 3800 cm-1 and 4400 cm-1 (the red limit of the spectrometer) which is in the spectral region associated with 650 nm fluorescence of  chlorophyll. The spectra of the three sea water samples taken at depth (Jill#1, Jill #2, site #2 (417 m)) are all slightly higher in intensity  than the Raman spectrum of the DI water in this region. I would hesitate, however,  to assign the  spectral offsets of these three samples in this region to fluorescence until we improve our precision in measuring liquid samples 


Graph F001032C shows the expanded, over-laid plots in the mid Raman region. Here the Raman bands due to atmospheric O2 and N2 are readily visible along the with sulfate ion band of sea water. In addition, the water bending mode at 1640 cm-1 is prominent in these expanded scale spectra.  Note also the slight vertical offset in the background intensities in the Raman spectra of  the sea water samples and the DI water. The magnitudes of these vertical offsets are  generally in the order:

   [Site#1(0 m), Site#2(0 m)] > [Jill#1(1030 m),Jill#2(1020 m)]>[Site#2(417 m)]>DI water

Perhaps these offsets are a result of phycoerythrin fluorescence (570 to 590 nm) , but their quantification will have to await studies conducted under more accurate and precise liquid sampling conditions. 


To date we are very encouraged by the results, especially by the fact that any signal attributable to fluorescence in the sea water is low enough not to be an interference in measuring the Raman spectrum of the sea water or solid samples surrounded by sea water. 

On the other hand, from Kurt’s standpoint,  the fluorescence of sea water  is detectable with this  Raman system in a wavelength region (532 to 700 nm)  that can  potentially detect and distinguish distinguish between  phycoerythrin and chlorophyll.  Determining more accurate and precise Raman and fluorescence band intensities as well as determining the quantitative effects of salinity on the Raman band intensities of sea water, are two of our next projects.   These will require more accurate sampling positioning as well as temperature control. We will keep you posted on our progress in these studies. 

