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1 Surface concentration of sodium octanoate and octyl ammonium chlo-

ride determined from surface tension measurements
For a meaningful comparison of the effects of the charged surfactants on the dissolved ions, the initial surfactant

concentration for NaOc and OACl at the interface in the absence of ions (i.e., for pure water) needs to be similar.

The surface concentration of the surfactants as a function of their bulk concentration was determined from

surface tension measurements. The measured data (solid circles) are shown in Fig. S1(a). The lines in Fig. S1(a)

are fits of the data using the Szyszkowski equation [1, 2]:

γ = γ0 −gin f RT ln
(

1+C exp
(
−∆G
RT

))
, (1)

where γ is the surface tension of the solution, γ0 the surface tension of pure water, gin f a scaling term, C the

bulk surfactant concentration, R the ideal gas constant, and T the temperature. ∆G is the Gibbs free energy of

adsorption with values of −17.5 kJ/mol for sodium octanoate and −20.25 kJ/mol for octyl ammonium chloride.

From the derivative of the surface tension (dγ/dC) in Fig. S1(a), we can calculate the surface concentration

Γ of the surfactants using the Gibbs adsorption equation [3, 4, 5]:

Γ =−NAC
nRT

dγ

dC
, (2)

with n representing the degree of dissociation of the surfactant (equal to 1 for neutral molecules) and NA

denoting Avogadro’s number. The results presented in Fig. S1(b) are obtained by assuming n = 2 for dissociating

ion pairs. The dashed lines indicate a surface coverage of 0.12 ML (6.8×1013 molecules cm−2), which we chose

for our experiments.
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2 Surface propensity of ions in the presence of surfactants
Figure S2 illustrates the propensity of ions in the presence of surfactants at pH 8.1, the actual pH for seawater

with a salinity of 35 g/L [6]. It is evident that changing the pH from 7 (refer to the main manuscript, Fig. 3) to

8.1 does not significantly affect the enhancement of the ions.

To investigate the unexpected enhancement of sulfate ions in the case of negatively charged octanoate, dif-

ferent combinations of ions with sulfate were investigated. Figure 4 in the main manuscript shows the relative

enhancement of sulfate ions in the presence of both surfactants. In Fig. S3, the relative enhancement of all ions

in single and multi-component mixtures is shown. The upper panel in Fig. S3 shows the data for the anions (Cl–

and SO 2 –
4 ), and the lower panel in Fig. S3 the data for the cations (Mg2+ and Na+) for each of the solutions.

Table 1 presents the salt concentrations for each data point in Fig. S3.

Table 1 Concentration of components in the relevant solution (mM).

Na2SO4 NaCl CaCl2 MgCl2
(a) 29 - - -
(b1) 29 - 20 -
(b2) 29 - - 20
(c) 29 426 - -
(d) 29 426 11 -
(e) 29 426 - 55
(f) 29 426 11 55

3 Surface concentration of surfactants in the presence of ions in solution

3.1 Surface tension data for sodium octanoate in the presence of different salts

Figure S4 shows surface tension data for NaOc at different salt mixtures and concentrations. The concentration

of each salt is equivalent to that which it has in ASW. The critical micelle concentration (CMC) for each system

is shown by arrows. From the data, it is clear that adding NaCl and MgCl2 decreases the surface tension of the

solution. The effect is stronger for the doubly charged cation Mg2+. In case of 29 mM Na2SO4 which contains

the doubly negatively charged SO 2 –
4 a similar dependence on the bulk NaOc concentration as for the case of

pure water is observed.

Figure S5 shows the calculated surface coverage of NaOc at various concentrations both in its pure form and

with the addition of different salts, based on the surface tension data in Fig. S4. The concentration of the salts

corresponds to their concentrations in ASW. By comparing the calculated surface coverages for a 10 mM solution,

it is evident that the surface coverage for the 55 mM MgCl2 solution (blue dots) is higher than that for the other

salts. In contrast, there are no significant differences in surface coverage between the pure-water case and the

29 mM Na2SO4 solution.

3.2 XPS data

To determine the enhancement factor of ions in solution in the presence of surfactants relative to the pure case,

X-ray Photoelectron Spectroscopy (XPS) peak areas are utilized. The enhancement factor is defined as the ratio

of the concentration of a specific ion in the presence of a surfactant to the concentration of the same ion in the

absence of the surfactant. Since in measurements for the same core level, all experimental factors (e.g. the

photon flux, photoionization cross section, electron analyzer efficiency) are constant, one can directly compare

the integrated peak areas of the core-level peaks in question to obtain the enhancement factor. To account for

any small deviations in the position between the liquid jet and the photon beam and electron detector, which

can lead to changes in the detection efficiency, the spectra are divided by the liquid water O 1s peak intensity,
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measured directly before and after the core level in question. The enhancement factor is thus defined by the peak

area measured in the presence of surfactants divided by the peak area in the absence of surfactants.

Figure S6 shows an expanded set of C 1s spectra for different concentrations of different salts in the presence

of NaOc and OACl. It includes all spectra that are shown already in Fig. 5 of the main manuscript.

Figure S7 shows the normalized C 1s to liquid-water O 1s ratio for NaOc and OACl at the same bulk concen-

tration of 10 mM for solutions with different compositions and ionic strength. Figure S7 indicates that at 10 mM

bulk concentration, NaOc and OACl exhibit nearly identical C 1s to O 1s ratios in the presence of solutions with

ionic strengths larger than 400 mM. The reduced salting-out effect for the 3.5 mM OACl solution compared to

the 10 mM NaOc solution (Fig. 6 in the main manuscript) is thus indeed caused by the lower bulk concentration

of OACl in that case.

3.3 Calculated vs. measured C/O ratios

To determine the C/O ratio from the experimental data for a comparison with a theoretical model (see next

subsection) the measured C 1s and O 1s intensities of the surfactant and liquid water, respectively, have to be

corrected for the cross section and the photon flux.

The expected C/O intensity (i.e., peak area) ratio can be calculated by considering a 2D model for the surfac-

tant layer with an effective thickness ds on top of an infinitely thick water slab (on the scale of the XPS probing

depth of a few nm). The intensity ratio of C/O is then

IC1s

IO1s

=
λS

λW

(
edS/λS −1

)
, (3)

where λS and λW are the inelastic mean free path in the surfactant layer and in water, respectively. (For an

in-depth discussion of the models see Refs. [7, 8].)

Based on the calculated C/O ratio for octanoic acid in water (Fig. S8) we can estimate the surface coverage of

our model surfactants in the liquid-jet experiments. For both surfactants on neat water, we measure a C/O ratio

of 0.03, which according to Fig. S8 corresponds to a coverage of 0.05 ML, i.e., a factor of 2 lower than expected

from the surface tension measurements.

As already pointed out in the main manuscript, this is likely due to the critical time scale for equilibration of

the surfactants at the surface compared to the time that elapses between the formation of the jet and the XPS

experiments (>1 ms vs. ∼50 µs, respectively).

To test this hypothesis we have measured the C/O ratio for two different NaCl concentrations, 50 mM and

426 mM NaCl, in the presence of 10 mM NaOc. Measurements along the propagation direction of the liquid jet

along the whole laminar portion of the jet show that the C/O ratio is increasing with increasing distance (i.e.,

time) from the jet nozzle. The data are shown in Fig. S9. The flow rate in these experiments was 1 ml/min for a

jet diameter of 30 µm, i.e., a liquid-jet speed of 23 m/s. We are currently systematically investigating the critical

equilibration times for different surfactant species and concentrations.
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4 Figures
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Figure S1 (a) Surface tension measurements (dots) of aqueous solutions of octyl ammonium chloride (blue) and sodium octanoate
(red) as a function of their bulk concentration. The lines are fits of the data points using Eq. 1. (b) Surface concentration of
the surfactants calculated from the data in panel (a) using Eq. 2. The dashed lines indicate a surface coverage of 0.12 ML.
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Figure S2 Surface propensity of ions in the presence of nominal 0.0.12 ML of negatively charged sodium octanoate (red symbols)
and positively charged octyl ammonium chloride (blue symbols) surfactants, measured at pH 8.1, the value for seawater with
a salinity of 35 g/L. The solid line represents the concentration of the ions in the case of artificial seawater (ASW) without
surfactants.
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(b1) Na2SO4 29 mM 
+ CaCl2 20 mM
 
(b2) Na2SO4 29 mM 
+ MgCl2 20 mM
 
(c) Na2SO4 29 mM + NaCl 426 mM
 
(d) Na2SO4 29 mM + NaCl 426 mM 
+ CaCl2 11 mM
 
(e) Na2SO4 29 mM + NaCl 426 mM 
+ MgCl2 55 mM
 
(f) Na2SO4 29 mM + NaCl 426 mM 
+ MgCl2 55 mM + CaCl2 11 mM
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Figure S3 The enhancement of ion concentrations in the respective solutions in the presence of NaOc (red) and OACl (blue) is
shown relative to the case without surfactants, as a function of ionic strength. The upper panel displays the data for anions,
with square symbols (■) representing Cl− ions and diamond symbols (♦) representing SO4

2− ions. The lower panel presents
the data for cations, where circles ( ) denote Na+ ions and triangles (▲) Mg2+ ions. Each data point represents the average
of two measurements, with negligible error bars.
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Figure S4 Surface tension of pure sodium octanoate (black open circles) and in the presence of different ionic components found
in ASW, i.e., 426 mM NaCl, 29 mM Na2SO4, and 55 mM MgCl2. The critical micelle concentrations are indicated by arrows.
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Figure S5 Calculated surface coverage of pure sodium octanoate (black open circles) and in the presence of different salts in
ASW, 426 mM NaCl, 29 mM Na2SO4, and 55 mM MgCl2.
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Figure S6 Normalized C 1s spectra to the related O 1s spectra in the presence of (a) pure water, (b) 50 mM NaCl, (c) 29 mM
Na2SO4, (d) 29 mM Na2SO4 + 426 mM NaCl, (e) 426 mM NaCl, and (f) 520 mM ASW. Red spectra show the data for NaOc
and blue spectra indicate the case for OACl. This is an expanded data set from Fig. 5 in the main manuscript.
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Figure S7 Normalized C 1s / O 1s in the presence of a bulk concentration of 10 mM for each surfactant, with red data points
representing NaOc and blue data points representing OACl. The displayed data points are as follows: (a) 50 mM NaCl, (b)
426 mM NaCl, and (c) 520 mM ASW.
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Figure S8 Calculated C/O ratio as a function of surface coverage and layer thickness for octanoic acid on pure water. The red
curve shows the data for the 2D model and the black curve is plotted by considering the cylindrical jet for this study.

Figure S9 Normalized C 1s to O 1s spectra in the presence of 10 mM NaOc. Black dots show the data for 50 mM NaCl and
red dots represent data for 426 mM NaCl as a function of the equilibration time, i.e. the time it takes the liquid to travel from
the nozzle orifice to the XPS measurement point.
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