






























The final Ψs spectrum (Fig. 8) showed previously known spectral structures with a broad 
maximum at 610 to 680 nm, and one at 754 nm, and local minima at 659 nm and 732 nm. 
Another broad maximum is now apparent at 510 to 580 nm and a local minimum at 600 nm. 
Further in the NIR to SWIR region several distinct maxima are observed at 850, 982, 1170, 
1427, 1956, and 2554 nm, and minima at 830, 955, 1142, 1403, and 1895 nm. Additionally, 
broader local minima and maxima are found throughout the spectrum. On a relative basis the 
values of Ψs varied between −0.18 and 0.04% g−1 L, with a clear trend towards more negative 
values with higher absolute pure water absorption coefficient values (Fig. 2). This can be 
explained by the fact that the ions replace water molecules in a fixed volume and do not 
contribute to light absorption, thereby reducing the number of water molecules per unit 
optical path, hence, decreasing the absorption coefficient. The 71.9 gL−1-NaCl solution used 
in this study has a density of about 1046 gL−1 at 20°C. The concentration of water in this 
solution is therefore 976 g/L, or 54.18M compared to 55.55M for pure water at 20°C. The 
number of water molecules per volume and, thus, the water absorption coefficient, is reduced 
by 2.5%. As the density changes with concentration of the solute in a linear manner, the 
constant value for Ψs would be −0.035% g−1L (2.5 / 71.9). This reduction of the absorption 
coefficient simply by reduction of the number of water molecules per volume is indicated in 
Fig. 2 as a green line. 

No model approach is described for ΨS, but it was shown that the spectral features in ΨS 
correlate with the spectral features in the first derivative spectrum of ΨT [6]. One theoretical 
concept for the changes in water absorption with salt concentration is the existence of two 
types of species of water that are stable and co-exist in the solution, pure water and salt-
solvated water [21], each with different absorption coefficient spectra, as the two types have 
slightly different frequencies for the three fundamental vibrations and the librations. As the 
concentration of salt-solvated water directly depends on the concentration of the salt ions, the 
change in the total water absorption is linear with the salt concentration. Pure salt-solvated 
water was not observed under saturation, but its absorption spectrum was determined for 
different salts by extrapolation techniques [21]. In addition to these changes, the volume 
replacement of water molecules by non-absorbing ions reduces the water absorption 
coefficient equally and linear with the salt concentration - note that this was corrected in [21]. 
The ΨS spectrum is, hence, the sum of these two physical-chemical changes induced by the 
presence of any ion in water. These results for ΨS can be combined with the data of ΨS 
calculated from FTIR measurements at 2600 – 14000 nm [21] (Fig. 2). A full ΨS spectrum 
was thereby constructed for 400 to 14000 nm [see Media 2]. 

5. Conclusions 

The temperature and salinity correction coefficient of the water absorption coefficient, ΨT and 
ΨS, were determined for the visible to infrared spectral region of 400 – 14000 nm 
(wavenumbers: 25000 – 700 cm−1). The newly measured data in the range 400 – 2600 nm 
agreed well with previously reported values, but provide more precise data for the shortest 
wavelengths (< 900 nm), and new data for parts of the infrared region, especially for ΨS. For 
ΨS we recommend using the data for the ASW at wavelengths > 500 nm, assuming that these 
values are closer to that of natural seawater than data for a NaCl solution. Below 500 nm, ΨS 
is potentially not significantly different from zero for measurements with current levels of 
precision. 
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