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MEASUREMENT OF ORIENTATION OF SURFACTANT MOLECULES AT A LIQUID-AIR INTERFACE
BY OPTICAL SECOND=-HARMONIC GENERATION
Th. Rastng,” Y. R. Shen,® Mann Won Kim,' P. Valint, Jr.,? and J. Bock! <
“Department of Physics, University of California and Center for Advanced Materials, Lawrence Bcrﬁeley
Laboratory, Berkeley California 94720 USA
TExxon Research and Engineering Coampany, Anandale, New Jersey 08801 USA

ABSTRACT: The average molecular orientation of a monolayer of sodium-dodecylnapthalene-sulfonate on a
water—-air interface has been determined by use of optical second-harmonic generation. The molecular
orientation is shown to vary smoothly with increasing surface density of the molecules.

Insoluble molecular monolayers at gas~liquid or liquid-liquid interfaces provide an insight to the
understanding of surfactants, wetting, microemulsions, and membrane structures:! In the interpretation of
the observed properties of these systeas, various assumptions about the molecular orientations are often
made,2 but so far, few clear experimerital data are availadle.

In this paper we present a measurement of the molecular orientation of a monolayer of surfactant
molecules at a water-air interface using the newly developed optical second-harmonic generation (SHG)
technique.3 The molecules under investigation are sodium~dodecylnaphthalene-sulfonate (SONS) (CH3(CHZ) 1~
CigHg~SO3Na, where CigHg 13 a double benzene structure]. PFigure 1 shows the measured surface pressure n as
a function of the surface area per molecule (A) for SDNS on water containing 2% NaCt. The w~A diagram does
not exhidbit any discontinucus phlsQHCransltton usually observed in this pressure range for this type of
@olecular monolayer .2

That optical SHG s an effective surface probe has deen demonstrated recently in a number of cases .36
It is based on the idea that SHG i3 fordldden in centrosymmetric media but allowed at the interfaces where
the {nversion symmetry {s necessarily broken. The surface nonlinear susceptidility %§2) wnicn s
responsible for the SHG at an interface generally reflects the properties of the surface layer. If Y§2)
arises mainly from a sonolayer of molecular adsorbdates, and takes the fora -

i§2) ® ns<312)>. Q)]

where Ng is the surface density of the molecules, and <32 is the nonlinear polarizability averaged over
the molecular orientatfonal dtstribution, then a measuresent of §§2) should enadle us to obtain information
about the orfentation of the adsorbates. This 1s particularly true for rodlike molecules whose a(2) is
dominated by a single element aégg along the aolecular axis E. For example, when the orientational
distribution of the molecules in the azimuthal plane is random, the nonvanishing components of Y§2) can be

1§2] || = Ng<cosdnrafil, .
$2)yy = 13 | - 182), | " 3 Vs<cosestnZerafil, (2)

written ast

where 8 is the polar angle between the molecular axis and the surface normal, and the sudindices 1l and |
refer to directions perpendicular and parallel to the surface, respectively. We see from Eq. (2) that a
measurement of the ratio of any two linear comdinations of x§3211§nd x§3zl|can yield a weighted average of
8. The average value or the most probable value of 9 can then be deduced by assuming a certain
orientational distributlon functlon.

In analyzing the data, we assumed a § function for the orientational distridutlion in 8. This means
that the orientation of SONS would be specified Dy a single value of 9. Figure 2 then gives the result on
how 9 of SONS on water varies with the surface pressure v. It appears that at high pressures towards a
saturated monolayer, the molecules tilted at ~ 30° from the surface normal, while at low pressures, they
inclined more towards the surface plane (see also Ref. 7).

In conclusion, we have shown for the first time how optical second-harmonic generation can be uigsec to

measure the average molecular orientation of a molecular monolayer at a water-alr {nterface. The



orientation of the SDNS molecules appears to vary continuously and tilt more towards the surface normal

with {ncreasing surface pressure. It shows no discontinuity in the varlatlon and approaches a limiting
inclinat{on angle -~ 30°.

This work was supported by the Director, Office of Energy Research, Office of Energy Research, “ffice

of Basic Energy Sciences, Materials Sciences Division of the U.S. Department of Energy under Contract No.

DE=ACO3=T76SF00098 .
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Fig. 1 Surface pressure % of SDNS as a function of Fig. 2 Tilt angle @ between the molecular axis and
the area per molecule A -on a water surface contain~ the surface norsal as a function of the surface pres-

2% NaCt. sure # for SDNS on water containing 2% NaCt.
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