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Supramolecular chemistry is aimed at the design and construction of well-defined molecular 
assemblies, by exploiting intermolecular non-covalent interactions [1,2]. In this sense, the air-water 
interface is an ideal platform for this purpose: a supramolecular structure in a pure state is easy to 
be prepared, and the surface coverage can be smoothly adjusted by using the Langmuir trough 
technique [3]. Moreover, Langmuir monolayers are interesting not only for a fundamental 
perspective, but also as a procedure to build an ordered system on mesoscopic length scales [4]. 
The physicochemical properties of molecularly organized nanometric systems are defined as a 
function of chemical composition and structure, as well as intermolecular interactions. Langmuir 
monolayers can be composed from an extensive array of molecules. Molecules with photophysical 
interest are preferred for forming the films in the research presented herein. Organic dyes are 
versatile, as well as attractive compounds, because of their tunable photophysical properties as a 
function of their aggregation state.  

For the case of self-aggregating molecules, the spontaneous aggregation is usually the driving force 
for micrometric structure formation [5,6]. The aggregates of the dye molecules lead to significant 
changes in their photophysical properties. The absorption features are monitored in situ, at the 
air/water interface, by UV-vis reflection spectroscopy [5]. As the formation of aggregates is 
favored by the confinement of the molecules at the air/water interface, a detailed study on 
aggregate formation and properties is required for understanding and controlling the 
supramolecular assemblies. 

In this project, we have studied mixed films containing an amphiphilic derivative (SP) and stearic 
acid (SA) in a molar ratio 1:1. Each SA molecule provides only an alkyl chain to the set, so the 
minimum perpendicular section of the 1:1 mixture would be around 0.4 nm2 per SP molecule. The 
SA molecule can offset the positive charge of SP as it is negatively charged at neutral pH. The 
alkyl chain of SA is also shorter than that of SP. Therefore the hemicyanine aggregation would not 
be shielded by the dye molecular tilt.  

Our study attempts to obtain information on the possible changes in the packing of the alkyl chains. 
Thus, the molecular organization and the domain morphology of SP:SA = 1:1 mixed films have 
been studied by using Grazing Incidence X-ray Diffraction (GIXD), Brewster angle microscopy 
(BAM) and reflection spectroscopy at the air-water interface, as well as transmission spectroscopy 
of the monolayers transferred onto quartz. 

The crystalline phases of stearic acid have been described along monolayer compression as L2-Ov-
LS. The transition surface pressure into the non-tilted LS phase is 24.6 mN/m. Figure 1 shows the 
corrected X-ray intensities as a function of the scattering vector components Qxy and Qz for the 
mixed SA:SP monolayer in a molar ratio 1:1 at T = 21°C. The X-ray diffraction patterns have been 
recorded at three different surface pressures: 3, 10 and 25 mN/m. In the investigated interval of 
surface pressures, there are two clear and well-defined Bragg peaks. The observed nearest neighbor 
(NN) tilt direction coupled with a next-nearest neighbor (NNN) unit-cell distortion direction is 
described as a L2h. Therefore, the mixed monolayer SP:SA adopts a L2h phase at low values of 
surface pressure. Above the phase transition surface pressure of ca. 5 mN/m, the mixed monolayer 
SP:SA exhibits a non-tilted condensed phase with an orthorhombic unit-cell. The packing mode is 
pseudo-herringbone. In conclusion, the molecular arrangement of the mixed Langmuir monolayer 
has been quantitatively described. At ~5 mN/m, the chains adopted an untilted conformation with 
NNN unit-cell distortion. This distortion might be ascribed to the effect of the bulky SP head group. 



 

Figure 1: Contour plots of the corrected X-ray intensities as a function of the in-plane and out-of 
plane scattering vector Qxy and Qz components for the mixed SA:SP monolayer in a molar ratio 1:1 
at T = 21°C. The GIXD measurements have been performed at different values of surface pressure. 

From bottom to top: 3, 10 and 25 mN/m. 
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