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ABSTRACT: The interfacial region of aqueous systems also known as the
electrical double layer can be characterized on the molecular level with second
harmonic and sum-frequency generation (SHG/SFG). SHG and SFG are
surface specific methods for isotropic liquids. Here, we model the SHG/SFG
intensity in reflection, transmission, and scattering geometry taking into
account the spatial variation of all fields. We show that, in the presence of a
surface electrostatic field, interference effects, which originate from oriented
water molecules on alength scale over which the potential decays, can strongly
modify the probing depth as well as the expected intensity at ionic strengths

<107* M. For reflection experiments this interference phenomenon leads to a : oL k 1 ;r:l“:ulffe
significant reduction of the SHG/SFG intensity. Transmission mode | R .............. R S i
experiments from aqueous interfaces are hardly influenced. For SHG/SFG ¥ 'Iﬁon‘if; s-tdredfgtt';?m‘: {h:) L
scattering experiments the same interference leads to an increase in intensity

and to modified scattering patterns. The predicted scattering patterns are verified experimentally.
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SH/SF generation at reflection geometry
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SH/SF generation at reflection geometry
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SH/SF generation at transmission geometry
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Calculation on our beam geometry
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Experimental Examples - OTS monolayer
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Figure 2. SFG spectra of an OTS monolayer on fused quartz. Points
are experiment data. and the curves are theoretical fits.

Wei et al. J. Phys. Chem. B 2000, 104, 3349-3354.
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Experimental Example - PE film
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Figure 3. SFG spectra of a polyethylene film on fused quartz. The
solid curves are theoretical fits.

Wei et al. J. Phys. Chem. B 2000, 104, 3349-3354.

Thickness ~ 200 um



Interfacial structure model: BIL and DL
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Wen et al. PRL 2016, 116, 016101.
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Surface potential profile depending on salt concentration
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Surface SHG (800nm excitation, AOI 45°)
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Considering phase mismatching correction
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Calculation result
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Transmission and scattering geometry

rc-:ll:nm}
1000 100 10 1 0.1
)
— |
H0.8
10.6
10.4
10.2
0.0
NEE L33 )
¥ 200 %
= s
1.0 ':.‘ =
_] ]
107 10° 10° 10" 10’

lonic Strength (M)

&)

Figure 2. (a) If5(x, Ak )l in transmission geometry (blue continuous
curve, left axis) and reflection geometry (gray continuous curve, right
axis), as a function of ionic strength. We used the following input
values: = 0, = 45°, A; = 4, = 800 nm, n;, = 1, ny,0(800 nm) = 1.33,
and ny (400 nm) = 1.34. The dotted (dashed) line corresponds to
curves calculated for @, = @, = 10° (0, = 0, = 80°). (b) IF;(kR, gR)I/
(42R*) for a scattering geometry calculated as a function of ionic
strength c. We used the following as parameters: f = 457, 4, = 4, =
1028 nm, ny = 1, ny (1028 nm) = 133, and nyy (514 nm) = 1.33,
and R = 50 nm. The continuous, dotted, and dashed lines correspond
to curves calculated at scattering angles @ = 45° 107 and 807,
respectively.
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SFG/SHG scattering
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SHG scattering measurement
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Figure 4. SHS intensity patterns of hexanol-covered hexadecane
droplets in ultrapure water for (a) PPP and (b) PSS polarization
combinations. The best fit (black line) was achieved using eq 17 for
Fm“, i.e.,, using the contribution of F4(kR, qR) to describe the behavior
at low ionic strength. The gray line represents the best fit without the
Fy(kR, gR) correction, ie., using eq 15 for I'®’. The intensities
originating from a pure surface response, ¥ = 0, and pure bulk
response, £ = 0, are displayed as dotted and dashed lines,
respectively.

Zeta potential measurement :
-37 mV of surface potential



