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MEASUREMENT OF ORIENTATION OF SURFACTANT MOLECULES AT A LIQUID-AIR INTERFACE 
BY OPTICAL SECOND-HARMONIC CENERATION 

Th. Rasing,- Y. R. Shen,- Mahn Won Kim,t P. Valint, Jr.,t and J. BoCkt 

-Department of PhYSiCS, University or California and Center for Advanced Matertals, Lawrence Berkeley 
~aboratory, Berkeley Callfornia 9-720 USA 

tExxon Research and Engineering Co-pany, Anandale, New Jersey 08801 USA 

ABSTRACT: The average molecular orientation ot a monolayer or sOd1um-dodecylaapthelene-sulfonate on a 

",ater-alr interface has been determined by use of opt1cal s.cond-hal'Dlonic generation. The mo.lecular 

orientation 1s shOwn to vary smoothly wlth increasing surface dens1ty ot the molecules. 

Insoluble molecular monolayers at gas-liquid or liquid-liquid intertaces provide an lnslght to the 

understandlng or surractants. wetting, mlcroemulslons, and membrane structures;! In the Interpretation ot 

the observed propertles of these syst .... various assumptlons about the molecular orlentations are often 

made,2 but so far, fev clear experimental data are availabl •• 

In this paper we present a measurement ot the .alecular orlentation or a monolayer of surractant 

molecules at a water-air interrace using the newly d.veloped optical second-harmonic generatlon (SHC) 

teChnique. 3 The molecules und.r lnvestigation are sOdlu.-dod.oylnaphthalene-sultonate (SONS) (CH3(CH2)"­

Cl0H6-S03Na. where C,oK6 Is a doUble benzene structurel. Figure I sbOv. the measured sur race pressure 11 as 

a function of the sur race area per molecule (A) ror SONS on water containing 21 Hac!.. The 'II-A diagram does 

not exhlbit any discontlnuous phase transition usually obser .. d ln this pressure range for this type or 

molecular monolaY8r. 2 

That optical SHa 1s an .tfecti ve surtace prObe has been demonstrated recently ln a number or cases. 3-6 

It Is based on the Idea that SHa 1. forbidden ln centroaymaetric .. dla but allowed at the interfaces where 

the inversion symmetry 1s necessar1ly broken. The surface nonllnear susceptibllity ~2) which is 

responsible ror the SHa at an intertac. generally retlects ~·propertle. or the surtace layer. It ~2) 

arises mainly trOll a IIOlIOla,.r ot IDOlecular actaorbat .. , and tak.s the fora 

(1) 

wh.re NS is the surface denslty of the 1I01ecule., anel (;(2» Is the nonline.,. polarizabll1ty averaged over 

the molecular orlentational dlstributlon, then a .... ur .. ent ot ~2) shOuld enable us to obtain intormation 

about the orientatlon ot the adsorbatH. This ls particularly true for rOdl1ke molecules whose Q(2) Is 

dominated by a single element o&~! along the .ol.cular axl. i. For example, when the orlentatlonal 

distribution ot the molecules ln the aalmuthal plane Is randoa, the nonvanishing components of XS2) can be 

written as ll 

(2) 

where 9 ls the polar angle betw.en the molecular axls and the sur race normal, and the subindices 1 and I 

refer to dlrectlons perpendlcular and parallel to the surtace, respectlvely. We see rrom Eq. (2) that a 

measurement ot the ratl0 or any two linear comblnations or x!~l~~and X!~lllcan yleld a welghted av~rage or 
9. The average value or the most ~robable value or 9 can then be deduced by assuming a certain 

orlentatlonal distribution functlon. 

I~'analy%ing the data, we assumed a 5 runction ror the orientational distributlon ln 9. Thls means 

that the orlentation or SONS would be specltied by a slngle value ot 9. Figure 2 then gives the result on 

how 9 or SONS on water varies with the surrace ~ressure Y. It appears that at high pressures towards a 

saturated monolayer, the molecules tl1ted at - 30· rrom the surrace normal, whlle at low pressures, they 

inclined more towards the surface ~lan. (see also Ret. 7). 

In concluslon, we have shown tor the flrst time how optical second-harmonic generation can be ~sed to 

measure the average molecular orlentatlon ot a molecular monolayer at a water·air lnterrace. The 



orientatlon of the SONS molecules appears to vary continuously and tilt more towards the surface norma! 

with Increasln, surface pressure. It shows no discontinuity In the variation and approaches a limltlng 

tnclinatlon ansle - 30-. 
This work was supported by the Director. Ofnce of Energy Research. Ofnce ot Energy Rese!lrcl'l. ~itrlce 

ot Baslc Energy Sclences. Haterials Sclences Dlvlsion of the U.S. Department of Energy under Contract No. 

DEeAC030 76SF00098. 
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Fl,.' Surtac. pressure W ot SONS as a functton of Fl,. 2 Tilt an,le e between the molecular axis and 

the area per molecule l·on a vater surface contaln- the surface normal as a functIon of the surface pres-

21 NaCi. sure w for SONS on water contalnlns 2~ NaCt. 

REFERENCES 

1. Hlcellizatlon. Solubl11zation and Hlcroemulslons. ed. K. L. Mlttal (Plenum, New York, 1977); J. S. 
Huang and H. W. Kim, Phys. Rev. Lett. ~7, 1463 (1981). 

2. For a review, se., e.s •• O. H. Bell. L:-L. CoombS, and L. J. Dunne, Chem. Rev. 81, 15 (1981), and 
references therein.· --

3. C. K. Chen. T. F. Heinz, D. Ricard. and Y. R. Shen, Phys. Rev. Lett. 46, 15 (1981). 
4. T. F. Heinz. H. V. K. TOD, and Y. R. Shen, Phys: Rev. A 28, 1883 (1983). 
5. H. W. K. Tom. T. r. Heinz, and Y. R. Shen, Phys. Rev. Lett. 51, 1983 (1983). 
6. H. V. K. Tom. C. H. Hade, X. D. Zhu, J. E. Crowell, T. F. Heinz, O. A. Somorjal, and Y. R. Shen. 

PhyS. Rev. Lett. 52, 348 (198'). 
7. Th. Raslns. Y. R.-Shen, M. W. Kim, P. Valint, Jr., and J. Bock, Phys. Rev. All. 537 (1985). 

2 



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



~ .. - .cw 

LAWRENCE BERKELEY LABORATORY 
TECHNICAL INFORMATION DEPARTMENT 

UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 94720 

~"'~. 




