Raman comparison of sea water and pure Na2SO4 solution spectra
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We are using the sea water SO4 Raman peak for diagnosing instrument performance in situ. Since SO4 is a conservative property of oxic sea water, and salinity changes are small, the peak should be a constant in height. It will also have a constant Raman frequency shift unless some change in chemical state with temperature or depth occurs. Thus we need to demonstrate knowledge of the chemistry of sulfate ion in sea water in order to use this diagnostic.

Sulfate ion in sea water exists both as the free ion, and as Mg, Ca, and Na ion pairs (1). Approximately 54% is as the free ion, and the remainder paired. If the cation-anion liaison is strong enough then there is the possibility of a Raman shift arising from this, and since mixed species are present some peak broadening of sulfate in sea water could result.

The unusual ultrasonic absorption properties of sea water arise from resonance in the MgSO4 ion pair, and thus this has been studied in some detail (2). It is possible to recognize 4 distinct states, ranging from the separated hydrated ions, Mg2+ and SO42-, to the contact ion pair MgSO40. The strong ultrasonic (~105 Hz) absorption indicates a pressure dependence for these states. In aqueous solutions of MgSO4 a pressure increase of 100 MPa creates a 10% decrease in MgSO40 ion pairs. A much larger change in acoustic absorption results from greater changes in the hydrated species.

We have measured the Raman spectra of sulfate ion in sea water (~25mM concentration at ~30 salinity), and of Na2SO4 in a distilled water solution of equal concentration, using identical technique. The results (attached) show no peak broadening or changes in Raman frequency. Thus we may conclude that ion pairing in sea water does not affect the Raman signal, and the pressure and temperature dependence of Mg (and Ca, Na) ion pairs do not contribute to observed changes in the SO4 Raman peak in our experiments. We may thus use the SO4 peak as a constant to monitor P/T induced changes in the spectrometer response at ocean depths.
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Seawater
06270007
980.27
15.51
328.03
5415.27


06270009
980.59
15.55
331.26
5483.48








Na2SO4
06270008
980.45
16.12
609.60
10459.44

  solution
62700010
980.47
16.15
620.52
10670.69








Note: Na2SO4 solution prepared to match concentration of filtered seawater sample







(.384 g Na2SO4/100g solution)





Spectral files 06270007 (filtered seawater) and 06270010 (Na2SO4 solution) – 20 x 5 sec accumulations
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