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COMMUNICATIONS

Studies of neutral and charged molecules at the air/water interface by
surface second harmonic generation: Hydrophobic and solvation effects
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Over the last few years, the technique of surface second
harmonic generation (SSHG) has developed into a powerful
method to investigate selectively the interfacial layer be-
tween two centrosymmetric media.'”'* In our continuing ef-
forts to understand the properties of molecules (e.g., ben-
zene derivatives) at the surfaces of liquid solutions we have
earlier focused on their concentration and orientation.”°
More recently we observed how the reduced polarity at the
surface (due to the low density of molecules on the vapor
side) affects a simple chemical reaction, namely the acid—
base equilibrium involving neutral nitrophenol and its an-
ion."

We now wish to present preliminary results on the com-
petition between hydrophobic groups that drive molecules
to the air/water interface, e.g., CH,, and hydrophilic groups,
in particular charged groups, that drive molecules away
from the surface and into the bulk water. By using a mole-
cule that contains both types of groups we have been able to
determine how many CH, groups must be attached to a
phenolate ion (C;H; O™ ) to balance the repulsion of the ion
from the interface. We also obtain quantitative information
on the respective driving forces for the adsorption of the
neutral alkylphenol and the alkylphenolate ion to the
air/water interface by measurement of the second harmonic
signal as a function of bulk concentrations.

The experimental setup consisted of a cavity-dumped,
synchronously pumped dye laser operating at 610 nm, and
single photon counting electronics.>'° The component of the
surface second order nonlinear susceptibility y®’ perpendic-
ular to the plane of incidence was measured, since it contains
only the contribution from the surface region and not the
bulk.*

At a high pH (~13) the alkylphenol deprotonates
(PK = 9.9), yielding a predominantly alkylphenolate solu-
tion, whose interfacial SH signal is equal to that of neat water
when the alkyl chain has n<4 (Fig. 1). Thus alkylphenolates
having chains less than five carbons long are not present at
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the air/water interface. This translates into less than one
tenth of a monolayer based on our sensitivity. We thus con-
clude for the smaller chain alkylphenolates that the negative
charge repels the anion from the interface, despite the hydro-
phobic effects of both the methylene groups and to some
extent the phenyl group. It is at » = 4 that the opposing
forces are balanced and the phenolate is first detected at the
air/H, O interface. When the alkyl chain contains five or
more carbons the hydrophobic effect dominates and the an-
ion is observed in the interface.

To examine adsorption energetics of the neutral and
charged species to the air/water interface we measured the
dependence of the SH signal on the bulk solute concentra-
tion. At low pH, where the bulk solution is predominantly
the neutral form, the adsorption of heptylphenol is seen to
obey a Langmuir isotherm,'® Fig. 2. In this model of nonin-
teracting surface sites, the free energy of adsorption AG® is
related to the number of interfacial solute molecules
/cm? N, its maximum number N, , and the bulk concen-
tration C,
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FIG. 1. s-polarized surface second harmonic field as a function of the num-
ber of methylene groups in the chain of p-alkylphenolates.

© 1988 American Institute of Physics

Downloaded 09 Apr 2005 to 128.59.115.179. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



Letters to the Editor

— 1/C x10°3 (M)

3377

FIG. 2.Plots of 1/E 5,, against 1/C
(neutral) and b /C (charged) for
the adsorption of p-heptylphenol
and p-heptylphenolate. b
= exp(eWo/kT). (See the text for
definition of ¥,.)
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where a = 55.5 exp(AG° /RT). By measuring both the SH
signal ~ | E ,,, | and the surface tension of solutions at differ-
ent solute concentrations, we have found that the SH field
E,, is linearly proportional to N, up to a monolayer cover-
age. Using this we obtain AG° from Eq. (1) by measuring the
SH signal at different bulk concentrations C.

Unlike the free energy of adsorption of neutral mole-
cules to the interface, the adsorption of a charged molecule
must include the electrical energy due to theions in the inter-
facial region. If we assume a Gouy~Chapman model for the
potential ¥, due to the charges we obtain Eq. (1) with AG®
now given by **

AG® = AG® + W, = AG®
+e'52.4sinh~! (134X 107N, /v C), (2)

where AG? is the nonelectrostatic contribution and e¥,, is
the electrostatic contribution in mV at 20 °C. We see from
Fig. 2 that the free energy AG® for heptylphenolate is a posi-
tive 2.7 kcal/mol larger than that for the neutral heptyl-
phenol molecule. This quantity represents the decreased
driving force for adsorption of the charged molecule from
the bulk to the air/water interface. These values are compar-
able to those obtained by surface tension methods for alco-
hols and alkylsulphates of similar chain length.'® It should
be noted that the SH method has the advantage of being able
to cover a wider range of concentrations because of its
greater sensitivity, and can be used to differentiate among
various chemical species in the interface, unlike surface ten-
sion, since the SH technique is a spectroscopic one. Experi-
ments on other charged molecules, and the effects of inor-
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