Langmuir monolayer – a tool for studying phenomena

in 2D molecular systems
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Monomolecular insoluble layers on the surface of a liquid termed the Langmuir monolayers are formed as a result of a self-organized process. Organic molecules constituting the monolayer are amphiphilic and they spontaneously spread at the air/water interface. The Langmuir monolayer is a very suitable model for the study of self-organization in two dimensions. The water surface provides ideally planar and smooth (noncorugated) surface as a substrate. A pair of thermodynamic quantities - temperature and surface pressure – can be easily controlled; surface pressure by a moving barrier over the surface. Such mechanical compression, which is analogous to hydrostatic compression in 3D systems, is not available in other 2D systems and arrangements. In addition to this, the interaction of molecules in the monolayer can be systematically modified by the exchange of polar and nonpolar parts of surfactant molecules using wide synthetizing possibilities of organic chemistry (e.g. the chain length can be varied by nanometer steps) or by the change of pH or of ionic content of the subphase. The Langmuir monolayers are excellent model systems in membrane biophysics, because biological membranes can be considered as two superimposed weakly interacting lipid monolayers. The Langmuir monolayers are also exploited for studying chemical and biochemical reaction in 2D systems. The monolayers represent a first stage in the preparation of Langmuir-Blodgett (LB) multilayers on solid substrates. This is a technology, which yields at least a principle for manipulation with molecules and enables to construct artificial structured materials for optical, electronic and sensoric applications, for molecular electronics. Fundamental physical understanding of properties and phenomena in the Langmuir monolayer is essential for various applications of LB layers.   


For ultrathin organic films, the introduction of water surfaces breaks the space-inversion symmetry of conventional bulk materials such as nematic liquid crystals. This gives the characteristic physical properties of organic monolayers that, in many cases, are quite different from those of their bulk counterparts.

The monolayer is literally a two-dimensional system built of ordered molecules. The preferential orientation of the molecules with a permanent electric dipole results in spontaneous polarization in the monolayer. For a better understanding of the relationship between the structure and the function of the monolayers a new contactless method was developed, coupled with the LB trough, for measuring the Maxwell´s displacement current [1].  The displacement current flows in a circuit containing a metal-air gap-Langmuir layer-metal structure, allowing the study of charge motion caused by external stimuli (surface pressure, illumination, electric field), i.e. the processes associated with phase transformations, photoisomerization, molecular switching etc. This approach provides a direct way for evaluating the molecular dipole moment in the Langmuir monolayer.

A typical recording of the Maxwell displacement current detected simultaneously with the surface pressure () – area per molecule (A) isotherm during the lateral compression of the monolayer is presented in Fig. 1. The area under I – t dependence can be utilized for calculation of the change in the induced charge on electrode 1 and, hence, for the calculation 

	[image: image1.wmf]20

40

60

80

100

120

-2

0

2

4

6

8

10

12

14

Surface pressure (mN/m) 



	[image: image2.wmf]20

40

60

80

100

120

0

10

20

30

40

50

60

70

Displacement current (fA) 



	[image: image3.wmf]20

40

60

80

100

120

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Dipole moment [C.m 10 

  -30

]

Area per molecule [Å

 2

]



	Fig. 1   Surface pressure () – area isotherm of stearic acid recorded together with the displacement current as a function of the area per a molecule. The lower curve shows a calculated molecular dipole moment (z-component) as varies during the compression.




of the molecular dipole moment. The value 2.5 x 10-30 Cm or 0.75 D was found for stearic acid molecule [2]. The Maxwell displacement current measurement has been also applied to detect the vertical component of the dipole moment in a poly(3-alkylthiophene) derivative which is able to give a stable monolayer on the water surface. The value 5.5x10-30 Cm  (or 1.65 D) are in good agreement with the value obtained from the molecular mechanics calculation [3].

        The external compression of the monolayer on a water surface with an aid of a movable barrier can be used for studying non-equilibrium phenomena [4]. For this purpose, the motion of the barrier was not continuous but regularly interrupted so as to allow the monolayer to reach an equilibrium state after stopping the barrier. The experiment showed that the dielectric relaxation time, i.e. the period needed for the monolayer to acquire a new equilibrium state, depends on the monolayer area A and hence on the molecular orientational order. At the beginning of the compression (low orientational order) the transient process is relatively slow ( ~ 3 s). On the other hand, in the state when the molecules stand upright at the air/water interface responds to external compression stimulation much faster ( = 1 s). This observation is in agreement with the reasonable expectation that the dielectric relaxation time  is inversely proportional to the polar orientational order and the molecular packing, which favours the intermolecular energy exchange during the relaxation.
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