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The following is a summary of results from tests we conducted on February 8th.  We used our Kaiser HoloProbe with a 2.5” standoff probe.  The probe head was in its pressure case (i.e., measurements were made through the pressure case window).  The probe head was supported by a wooden frame such that it was hanging, window-down into a bucket of water.  A Delrin frame on the front of the pressure case has two holes for positioning vials at the air and water focal points of the instrument.  The end of this frame was less than a inch from the bottom of the white polyethylene bucket filled with water — thus, the focal point in water was about an inch from the bottom of the bucket.  Measurements were made of Isopropanol in air (in a horizontal configuration) and in seawater, and of both seawater and fresh water.


The instrument was calibrated (wavelength, intensity, and laser wavelength calibrations) prior to the testing, and all of the spectra in this memo have been corrected for intensity.  It should be noted that the instrument is not in proper alignment at this time, so the sensitivity is likely much less than it should be.  All of the spectra shown are averages of 10 accumulations (exposure times are indicted).  The overhead lights were off for all measurements, in some cases (as noted) a coat was draped over the instrument to reduce the remaining excess light in the room.

Isopropanol


Three 10 x 1 sec spectra where obtained of Isopropanol in water (Figure 1) and one these was compared to a measurement made in air (Figure 2).  Seawater produces a larger background signal than air, and the 820 cm-1 peak and the triplet at ~2900 cm-1 are both less in seawater than in air.  These results are as expected.  The three runs of Isopropanol in water showed an interesting result.  The peaks of Isopropanol appeared to increase by ~1-2% in each subsequent spectrum.  This is assumed to be due to the increase in density of the Isopropanol as it is cooled by the seawater.  The vial of Isopropanol was sealed with a septum and had no air pocket.  After being submerged in cold water, the vial was found to have a small pocket of air/gas.  Because the vial was horizontal and being illuminated from above, the laser passed through the air/gas pocket – this did not seem to affect the spectra.
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Figure 1.  Isopropanol spectra from three 10 x 1 sec runs.  Intensity calibration used.  The peaks heights increase by about 1-2% in each subsequent spectrum due to the increasing density of the Isopropanol as it cools.
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Figure 2.  Isopropanol in air vs. Isopropanol in seawater.  Seawater has a higher background signal.  The Isopropanol peaks in air are higher than those in seawater.

Seawater


Both 1 sec and 10 sec exposures were made of the seawater (obtained from the seawater lab at MBARI).  As expected, the 1 sec exposures (Figure 3) were noisier than the 10 sec exposures (Figure 4).  Small O2 (1556 cm-1) and N2 (2330 cm-1) peaks can be seen in the 10 sec-exposure spectra due to the small air space between the 2.5” probe and the pressure window (Figure 5).  These peaks are lost in the noise of the 1 sec exposures.  The sulfate peak (at 981 cm-1) is easily seen in all spectra, as is the H2O bend at 1640 cm-1.  Most surprising were a series of peaks between 1050 and 1500 cm-1 and a triplet at ~2900 cm-1.  These were determined to be due to the polyethylene bucket.  By placing a mouse pad with its black (back) side up at the bottom of the bucket, the laser did not illuminate the bucket bottom (in fact the light was completely absorbed such that no green glow was seen emanating from the bucket).  This removed the “bucket signal” from the spectra.  
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Figure 3.  Seawater spectra from three 10 x 1 sec runs. The OH stretch peak is at 3450 cm-1; the H2O bend peak is at 1640 cm-1; and the sulfate peak is at 981 cm-1.  The extra peaks in the 1050 to 1500 cm-1 region and at 2900 cm-1  are due to the bottom of the polyethylene bucket. 
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Figure 4.  Seawater spectra from three 10 x 10 sec runs.  Details of the 800-2500 cm-1 region are 
shown in Figure 5.  
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Figure 5.  Details from three 10 x 10 sec spectra.  The baseline is reduced by covering the assembly with a coat to remove excess light, and by placing black absorbing material at the bottom (the back side of a mouse pad) to reduce laser light reflection and scattering.  The latter also removes the bucket peaks.

Fresh water


Preliminary measurements of fresh water (obtained from the sink in Building G) also showed the “bucket signal,” but these extraneous peaks were removed by the “mouse pad” technique (Figure 6).  All fresh water spectra were obtained with a coat draped over the assembly.  As shown in Figure 7, raising the instrument 1.5 inches was enough to reduce the baseline to the level obtained with the mouse pad in place.  While this also reduced the bucket peaks, it was not sufficient to remove them.  As in the seawater spectra, small N2 (2330 cm-1) and O2 (1556 cm-1) peaks are visible resulting from the air space between the probe end and the pressure window.  The H2O bend (1640 cm-1) and OH stretch (3450 cm-1)  peaks are visible in the spectra of fresh water; the sulfate peak (981 cm-1) is absent as expected.  
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Figure 6.  Fresh water spectra from three 10 x 10 sec runs.  The baseline and bucket peaks were reduced by raising the instrument 1.5 inches.  Details are shown in Figure 7.
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Figure 7.  Details from the three 10 x 10 sec fresh water spectra.  All of the spectra were obtained with a coat draped over the assembly to reduce excess light.  As with the seawater spectra, a mouse pad placed at the bottom reduced the baseline (by reducing excess scattering and removed the bucket peaks from the spectrum.  The O2 (1556 cm-1), N2 (2330 cm-1) and H2O bend (1640cm-1) peaks are clearly seen.  The sulfate peak (981 cm-1) is absent, as expected.
Conclusions

In general, we find that fresh water has a low baseline than seawater, but a higher shoulder at ~3200 cm-1 (Figures 8 and 9).  The expected peaks (O2 – 1556 cm-1, H2O bend – 1640 cm-1, N2 – 2330 cm-1, and OH stretch – 3450 cm-1) are all seen in both seawater and fresh water.  Sulfate is clearly seen in seawater, but not (obviously) in fresh water.  Pure seawater appears to be a fairly clean medium through which to make Raman measurements.  However, the existence of other material (both organic and inorganic) in the ocean can lead to complications.  Further experiments will be conducted to try to determine how such material will affect our ability to make Raman measurements in the deep sea.
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Figure 8.  10 x 10 sec spectra of seawater and fresh water.  Details are shown in Figure 9.
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Figure 9.  Details of the 10 x 10 sec spectra of seawater and fresh water.  The baseline is lower for fresh water and the sulfate peak (981 cm-1) is absent.  Both water spectra clearly show the H2O bend (1640 cm-1), O2 (1556 cm-1), and N2 (2330 cm-1) peaks.  
