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Abstract. The formation of solid supported thin liquid films of lipids 
onto a quartz substrate is ellipsometrically studied. Based on a two
layer model, an evaluation of the film thickness and its lateral profile 
is made. A brief discussion of thus obtained liquid films in the light of 
their potential for biosensor technology is given. 

PACS number: 87.14.Cc 

1. Introduction 

Solid supported thin liquid films of lipids are intriguing objects not only because 
of their unique physico-chemical features but also due to the relevance for 
sensors construction. Recently such films are envisioned to the very promising 
in this later area because they offer possibilities for the development of a new 
type of biosensors with "two-dimensional" receptor part design [l]. 

In previous works [2, 3] we have been investigating the formation of stable 
solid supported lipid layers by the technique of liquid film thinning. The 
results brought us to the realization that based on this method it is possible to 
build up compact mono- and bimolecular layers of self-organized amphiphilic 
compounds onto different substrates [4]. The molecules orientation will depend 
on the hydrophilicity of the surface to which they adhere. Obviously polar head 
groups will be preferably oriented to hydrophilic surfaces, while hydrocarbon 
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tails will contact hydrophobic zones. The only requirement for solid supported 
films is to have smooth enough surfaces down to nanometer scale. 

As a coupling with conventional microelectronics is inevitable in the near 
future it is worth the efforts to explore formation of thin films on the most 
commonly used dielectric and semiconducting materials. Indeed, our experi
ence showed that it is not a technical problem stable wetting films to be prepared 
onto various dielectrics including glass, crystals and Si02 . In the last case the 
liquid film was directly deposited over the channel area of an open-gate field 
effect transistor (FET) thus realizing a hybrid structure of the type: 

thin liquid film - oxide - semiconductor. 
Suitable liquid film modifications involving biomolecules imbedment could 

bring into existenc~ an interface between biological structure and electronic 
devices. 

In order to investigate the conditions of formation and stability of thin liquid 
films of lipids onto quartz substrates in the present work we have used the 
ellipsometric method. 

Ellipsometry has been recognized as a powerful nondestructive tool for study
ing of thin films, especially in the field of absorbed molecular layers. 

2. Materials and Methods 

2.1. Solutions 

The ellipsometric cell used in this work was filled with 0.1 M KCl (Potassium 
chloride, SIGMA Chemical Comp., USA) as electrolyte solution. The liquid 
films deposited onto the quartz substrates were prepared from lipids as follows. 
Natural lecithin (L-a -Phosphatidylcholine, Bell Pharmacal Comp., USA) was 
dissolved inn-hexane, n 0 = 1.3749 (SIGMA Chemical Comp., USA) to give 
concentration of 20 mg/ ml and was stored in refrigerator as a stock solution. 
The forming solutions were being prepared daily by dilution with n-hexane. 

2.2. Construction of the Ellipsometric Cell 

In the present work home-made ellipsometric cell is used. Its construction 
along with the probing laser beam path and channels for the electrolyte (0.1 M 
KCl) and lipid forming solution are schematically shown in Fig. 1, where P is 
polarizer, A - analizer, I - chamber and two channels; 2 - cell body with 
cylindrical chamber and two channels, 3 - "O"-ring, 4 - probing laser beam 
(>. = 632.8 nm), 5 - meniscus of the interphase boundary between electrolyte 
and lipid solution. 
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Fig. 1. 
P - polarizer; A - analizer; 1 - total internal reflection prism; 
2 - cell body with cylindrical chamber and two channels; 3 -
"O"-ring; 4 - probing laser beam (.A = 632.8 nm); 5 - meniscus 
of the interphase boundary between electrolyte and lipid solution 

2.3. Measuring Method 

The lipid layer thickness is recorded at several equally spaced points along the 
radius of the chamber thus giving possibility the film profile to be obtained. 
Essential for the ellipsometric method used here is the "inverse" optical scheme 
in which the probing laser beam is directed from optically more dense solid 
phase (quartz) to the analyzed lipid layer. A quartz prism of total internal re
flection (for air) is used. The beam is reflected on the phase boundary between 
the quartz and the film then directed to the ellipsometer analyzer. All measure
ments are made on a monochromatic variable incidence angle null ellipsometer 
LEF-3M-l (former USSR). A He-Ne laser in TEM00 mode is used as a light 
source in the ellipsometer. This allows a resolution on the order of 0.2 mm 
in the investigation of the film profile to be achieved. The detailed method is 

described in [5]. 

3. Results and Discussion 

3.1. Thin Lifid Film Formation 

As it was pointed out, generation and examination of stable solid supported 
thin liquid films of lipids is the main goal of our research. Bearing in mind 
the hydrophilicity of the quartz surface used in this work it is clear that the 
orientation of the lipid molecules adhering to the prism will be preferably with 
their polar head groups to the substrate. On the other hand, lipids adsorbed on 
the electrolyte-forming solution interface are directed with the polar groups to 
the electrolyte and hydrocarbon chains to the bulk lipid solution. 
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There are many factors affecting the kinetics of the film thinning making it 
rather complex. First of all, careful conditioning of the solid substrate should 
be noted as a prerequisite for obtaining a proper degree of surface roughness. 
Second, the rate of the thin liquid film formation is influenced in a broad extent 
by the physico-chemical parameters of the lipid forming solution. Third, an 
incubation time following the formation of electrolyte/lipid solution interface 
appeared to be absolutely necessary. This is a period during which adsorption of 
liquid molecules to the interface is taking place. Since the surface concentration 
of lipids has to reach a reliable value for generation of a stable film, such a 
period before the film thinning is quite important [6]. 

After sufficient incubation an oriented monolayer of adsorbed lipid molecules 
is established on the liquid-liquid interface between the two immiscibles -
the electrolyte and the forming solution. Due to the cell material wetting 
conditions a specific convex meniscus (denoted as 5 in Fig. 1) is formed. On 
the other hand, the adsorption of lipid molecules to the substrate results in 
a formation of another monomolecular layer on the prism base. Thereafter 
the interphase boundary between the electrolyte and lipid forming solution is 
gently moved upward to the substrate by withdrawing lipid forming solution 
with the aid of a microsyringe. Thus the film thinning is started. In the 
process of thinning the excess of lipid material is extruded towards the film 
periphery. As the electrolyte-forming solution interface is approaching the 
quartz surface at distances on the order of microns the thick film becomes 
laterally inhomogenous. This phenomenon is known as "dimpling". It has 
been earlier predicted theoretically [7] and investigated experimentally for a 
solid-liquid-vapour system [8]. The inhomogeneity is presented by a greater 
thickness at the center of the film where sometimes even a "lens" of bulk phase 
is formed. The inhhomogeneuos thickness results in a prominent interference 
pattern which can be readily observed under a microscope in reflected light 
mode [9, 10]. 

3.2. Ellipsometric Study of the Lipid Film Thickness and Profile 

In this study the supported thin lipid films are ellipsometrically tested at dif
ferent stages of thinning. This gives a possibility the film profile during the 
transition toward the final steady state to be monitored. The ellipsometric an
gles \[! and b,. are measured in order to determine the refractive index n I and 
the thickness d1 of the lipid film. All measurements are carried out at incidence 
angle of 45°. This value is close to the Brewster's angle ¢sr = 42.5° for the 
quartz-liquid system (n = 1.335, 0.1 M KCl) thus increasing the sensitivity of 
\[! and b,. to thin layers formed at the quartz-liquid interface. 

The evaluation of the film thickness d 1 and its refractive index n I from the 
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ellipsometric angles \Ji and ~ is based on a two-layer model. The system is 
regarded as composed of two homogeneous layers with sharp boundaries as 
shown in Fig. 2. 

Fig. 2. Schematic view of the laser beam opti
cal path and the system under investigation rep
resented by a two-layer model 

1 

2 
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I 
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' 
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The quartz here stands for outer medium with n 1.457, then comes a 
transient layer (1), the thin liquid film of lipid (2) and the electrolyte sub
phase n = 1.335. The transient layer includes the mechanical treatment of the 
prism and the apsorbed lipid molecules of the first monolayer. The transient 
layer parameters (pseudorefractive index n 1 and thickness d1) are evaluated as 
follows. The ellipsometric angles \Ji0 and ~o are measured in ambient air at 
several angles of incidence. Then the prism base is brought into a contact with 
the lipid forming solution and after incubation the new angles \II 1 and ~1 are 
measured. These two angles represent the initial level from which the process 
of thinning is recorded. The transient layer parameters n 1 and d1 are calculated 
from the angles \Ji 1 and ~1 using one-layer model in which a bulk phase of 
lipid forming solution with n 1s = 1.379 as a subphase is supposed (Table 1). 
The values for n 1s is obtained in advance by two independent measurements, 
with an Abbe refractometer and ellipsometrically. 

Table I. The transient layer parameters n 1 and d1 

n 
lipid subphase 

1.378 ± 0.001 

n1 
transient layer 

1.422 ± 0.025 

di 
transient layer 

5.15 ± 0.98 

As it was mentioned above in the process of thinning the solid supported 
liquid film goes through a stage with nonuniform thickness over the film area. 
Beside the "bulk" phase at the film periphery where the well-known plateau 
reservoir is formed, a greater thickness at the center of the film often is devel
oped. Sometimes the film is even unable to undergo further thinning and the 
excess of lipid material forms a stable "lens". On the opposite, in the case of 
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successful thinning the lipid forming solution is drained out of the "lens" to 
the periphery through microscopic "channels". Thus such film finally reaches 
a stable state with homogeneous thickness in the central region surrounded by 
the reservoir. Both instances were observed in this study of quartz-supported 
liquid films. The first of them is shown in Fig. 3 where the profile of a film in 
the stage of "dimpling" is measured. The data are o.btained with concentration 
of 10 mg/ ml lecithin inn-hexane 1/2 hour after the initiation of thinning. 
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Fig. 3. The thickness d1 profile and refractive index n1 dependence on 
distance for film in a stage of "dimpling" 
The concentration of forming solution is 10 mg/ml lecithin inn-hexane 
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Fig. 4. The thickness d 1 profile and refractive index n f dependence on 
distance for film in a final stable state of thinning 
The concentration of forming solution is IO mg/ ml lecithin inn-hexane 

Figure 3 represents a plot of the film thickness d1 and refractive index n1 

versus the distance along the film diameter. While the changes in the refractive 
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index n t are not very large, the thickness d 1 drastically varies from one to 
the other end of the film. In accordance with the above discussion a greater 
thickness in the central zone is present. As the film is still thinning, there is 
an overall slight declination in the values of d 1 and n 1 owing to a limitation 
in the rate of measurement for each point. This can be noted as a technical 
problem of this type of ellipsometer. 

In the second case, shown in Fig. 4, the profile of a film in final stable state 
is given. The film is with the same lipid concentration as the previous one, but 
the data are taken an hour after the beginning of formation. It is clear that the 
thickness d 1 is almost equal along the film diameter and the refractive index 
n t is pretty constant in the whole range of measurement. The magnitudes of 
n1 are very close to 1.44 - a value found earlier by other authors [ 11]. 

4. Conclusions 

Regarding the formation of thin lipid films onto quartz substrate surveyed in this 
paper, it should be stressed on the following. Two types of quartz-supported liq
uid films of lecithin are generated and ellipsometrically tested. First are still in 
a process of thinning and show pronounced lateral inhomogeneity represented 
by a greater thickness at the central region of the film. They are unstable, 
at a stage of "dimpling", and may or may not undergo transition to a state 
with unifonn thickness. The second type of films are those that have reached 
a final stable state of thinning and are not readily changing their parameters 
with hours. Their lateral profile is rather flat in the center and the thickness is 
about 150 nm. It has to be noted, however, that such film cannot be referred 
to as bimolecular. Nevertheless, in our opinion they still worth to be explored 
with respect to their potential for biosensor construction cause the lipid liquid 
phase can play the role of matrix for incorporation of many biomolecules with 
large hydrophobic regions. The orientation of receptor's giant molecules at the 
interphase boundary could not impose a problem as it is known that it is natu
rally ensured by ionic interactions between polar residius (mostly saccharides) 
and the electrolyte solution. Moreover, the lipid films with their fluidity offer 
a method of "immobilization" without reduction of molecular mobility thus 
serving as a native media for any proteinaceous species retaining their high 
activity. 

As to the possibilities for ellipsometric signal transduction we consider the 
results presented here as encouraging for further attempts for realization of 
practical device. It is our believe, that the structural information from primary 
events of molecular recognition would be reflected in "macroscopic" changes 
in the film thickness and refractive index which can be easy ellipsometrically 
monitored. But the question is still to be elucidated. 
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