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SARFUS: Application to SAMs Study  
 

Collaboration : V. Souplet  (Institut de Biologie de Lille , Lille, FRANCE) 
  

In this work, phospholipids deposited on a surface are studied 

by Sarfus technology, as an example of self -assembled 

systems. This technology al lows seeing different phospholipids 

organizations. Thickness measurements carried out on these 

structures have been compared to those obtained with AFM 

and neutrons reflectivity. Sarfus simplicity provides us to follow 

the system evolution in real time.  

 

As most of amphiphilic molecules, phospholipids have self -

organized properties. In particular, they can form structures in 

volume (for example as micelles), or on a solid surface 

(supported bilayers). These laters present a great interest in the 

development  of biosensors (Sackmann E., 1996, Science, 271, 

43-48), or in more theoretical studies as model systems for 

biological membranes (Mc Connell H., 1984, Proc. Natl. Acad. 

Sci USA, 81, 6159-6163). The supported lipid bilayers 

characterization is generally ca rried out by AFM, fluorescence, 

quartz crystal microbalance, neutron or X -ray reflectivity.  

Here, we present our investigations for self -assembled systems 

characterization using a new technology called Sarfus which is 

based on the combination of two eleme nts: contrast -

enhanced supports called Surfs and a standard optical 

microscope. The main advantages of Sarfus are to be fast, 

user-friendly and label -free.  

 

Experimental part  

200µL of a 5mg/mL solution of DiMyristoylPhosphatidylCholine 

(DMPC) in chloroform  is prepared and spin -coated (1000 rpm; 

room T°) on standard Surf rotating at.  

The Surf is then put under vacuum for 2H to remove any trace 

of solvent.  
 

20 µm

Image 1

 
 

20 µm

Image 2

 

20 µm

Image 3

 
 

20 µm

Image 4

 
Images 1, 2, 3 and 4: 5mg/mL DMPC solution in 

chloroform deposited by spin -coating on a Surf.  

 

Results 

A homogeneous phospholipids layer is present on almost the all 

surface. On this layer, regular layers stacks are observed 

(Images  1 and 2). These layers structures are probably 

dependant of the phospholipids quantity per surface unit.  

 

SARFUSOFT Software allows measuring the step height appearing 

on image 4. A 3D representation can be generated (Img. 5).  

 

 
Image 5: 3D view of Image  4 (Sarfusoft)  

 

A calculation of the thickness of the step n is obtained by 

subtraction between the step height n and the step height n -1. 

10 measurements are carried out for each step. The average 

and standard deviation of these measurements are prese nted 

in table 1.  
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Table 1: thickness measurements of different layers  

 

The first steps measurement s are in agreement with the 

literature data, which gives a lipid bilayer thickness of 5nm 

(REVIAKINE I., 2000, Langmuir , 16, 1806-1815). For the highest 

steps (M4 -M3), significant variations are observed. An increase 

in step height with the distance to Sur f surface is observed.  

 

After heating the surface up to 100°C for 1min, the 

phospholipids spreading out in layers retract and form "drops" 

(Img.6 and 7). However, a homogeneous layer remains 

present on surface. Thickness measurements of this layer done 

with SARFUSOFT software give a value: 2.63nm, in agreement 

with the expected monolayer thickness (2.5nm).  

 

When the heating is stopped, this layer tends to spread out. The 

spreading kinetics can be easily followed by sequential 

acquisition (Img.8). A 3D repr esentation of spreading can also 

be obtained.  

 

 
 

20 µm

Image 7

 
 

Images 6 and 7: 5mg/mL DMPC solution in chloroform 

spin-coated on a Surf then heated at 100°C for 1min.  

 

 

Discussion  

During the observations, we noticed that the system 

organiz ed itself as a first layer in contact with the surface on 

which the other layers could slip freely. These results can be 

compared with those obtained by PERINO-GALLICE and al. ( 2002, 

Eur. Phys. J. E, 8, 275-282) by neutrons reflectivity and AFM on 

similar experimental systems. These authors observe stacks of a 

various numbers of bilayers and explain their appearance by a 

spinodal dewetting. As we do, they observe an apparent 

variation of the bilayer thickness with the distance to the 

surface. They attribute  these variations to the combined effects 

of bilayer hydrations and fluctuations.  

The present study gives in addition a measurement of the 

bilayer thickness as a function of their distance to surface. 

These thicknesses are in a good agreement with the 

pre dictions with the Perino -Gallice model on the swelling 

factors of the lipid bilayers. We observe a swelling factor 

varying from 1.17+/ -0.05 for the layer (M1 -M0) to 1.49+/ -0.14 for 

the last layer, where interaction with surface is weak; these 

results can b e compared with the theoretical limits values of 

1.14 and 1.46.  

 

Conclusions  

Application of the Sarfus technology allows seeing 

stacking of lipid bilayers. It provides us a determination of 

bilayers thicknesses as a function of their distance to the 

surface, simultaneously with an observation of the structural 

evolution of the sample on the surface.  

To go further, it would be possible to probe 

systematically with Sarfus the topography of the layers in order 

to describe their thermodynamics and kinetics ev olutions as a 

function of parameters such as temperature or hygrometry.  

More generally, the Sarfus technology is usable for 

other self -assembled systems, such as Langmuir -Blodgett layers, 

liquid crystals, SAMs, or biomimetics membranes. It also 

potentiall y allows observing objects inserted in such systems, 

such as sterics markers or membrane proteins.  

 

Contribution of Sarfus  

We can compare our results with those obtained with other 

techniques on similar systems.  

AFM has a better lateral resolution in the p lan of the interface, 

but kinetic measurements are very difficult due to long 

acquisition times and to mechanical disturbances induced by 

the cantilever. In addition, step thicknesses measurements are 

difficult because the measure derives when the cantilev er 

moves on a micrometric scale.  

Neutron reflectivity presents an excellent resolution in the 

direction normal to the interface, but has no lateral resolution. 

Acquisition time is, in addition, very long, which makes 

measurements of kinetics very difficult . Fluorescence 

microscopy allows a description of the kinetics, but no 

quantitative thickness measurement. This technique is in 

addition relatively inadequate on multilamellar systems.  

Lastly, the quartz crystal microbalances (QCM) measure 

precisely a qua ntity of adsorbed lipid but do not inform about 

the topography of the layer.  

SARFUS is thus the only technique making possible to follow 

quantitatively and in real time the evolution of the surface 

topography and the layers thicknesses.  

 

 

 

 

in nm  M1-M0 M2-M1 M3-M2 M4-M3 

Average optical 

thickness n e  

(±Std Dev)  

7.5±0.2 8.2±0.2 8.7±0,4 9,5±0,6 

Average real 

thickness e 

(n=1.45)  

5.2 5.7 6.0 6.5 

Image 6 

20 µm 
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Image 8: DMPC layer spreading vs. time (2D and 3D views).  

 

 

 

 


