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Chapterr 1 

Introduction n 

Preamble:: Surfaces, interfaces and surfactants 

Lett me imagine your environment as you are reading this manuscript, made 
off  paper and ink (a suspension of carbon particles, surfactants and water). 
Thee booklet is laying on a table (a surface) in front of you, which has likely 
beenn cleaned recently with an appropriate detergent (containing surfactants). 
Youu are sipping a glass of "karnemelk", a sort of buttermilk (a suspension 
off  fat droplets, surfactant proteins and water) and you breath in peacefully 
(butt not yet put to sleep, I hope), your lungs periodically filled in and out 
withh air due to the layer of native surfactants covering the air cells, which 
cann be roughly defined as a volume delimited by a membrane. 

Now,, we need to define few terms: an interface indicates a boundary be-
tweenn any two immiscible phases; a surface denotes an interface where one 
phasee is a gas; a surfactant (a surface-active agent) is a substance that, when 
presentt at low concentration in a system, has the property of adsorbing onto 
thee surfaces or interfaces of the system. A membrane is an interfacial layer or 
aa barrier between two fluids. In a biological case, it contains embedded struc-
tures,, as proteins, which under specific circumstances allow communications 
betweenn the two separated phases. 

Indeed,, the aim of this Preamble is not to give an exhaustive (and ex-
hausting)) list of the processes involving an interface. This brief description 
onlyy enumerates few common cases located at an interface (or surface) where 
surfactantss may play a role. A more complete overview can be found in 
eachh introduction of the following chapters, which can readily be related to 
industriall  processes and/or biological activities of a particular interest. 
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1.11 Scope of this thesis 

Inn recent years, advances in several experimental techniques have contributed 
too our knowledge and understanding of the unique properties of the interfa-
ciall  region. These include principally x-ray reflectivity, diffuse surface x-ray 
scattering,, grazing incidence x-ray diffraction and scattering, and the optical 
techniquess of ellipsometry, surface quasi-elastic scattering, sum frequency, 
andd second-harmonic generation. 

Inn order to both access to a microscopic description of molecules at an 
interfacee and study the interactions occurring within an interfacial domain 
ass a membrane, we chose molecular simulation techniques. The recent im-
provementss of computer performance, algorithms, and force fields, allow us 
too both simulate large systems and define molecules up to the atomic scale. 
Thiss last point is especially important when looking at the interactions be-
tweenn molecules as lipid-protein interactions or between amino-acid residues 
andd their environment, in general, everywhere where hydrogen bonds are 
involved. . 

Althoughh it is straightforward to build a model of an interface made 
off  two immiscible simple liquids, a realistic extension to biologically relevant 
systemss is rather difficult; the lack of informations about interactions between 
membraness and embedded compounds or proteins, combined with the littl e 
informationn available on spanning protein structures, being the major limits. 

Thee aim of this work is to characterize the topology and properties of 
variouss interfaces. To extend the insight given by molecular dynamics on the 
interfaciall  domain, we have implemented and probed a method to compute 
thee pressure profile and the surface/interfacial tension of planar interfaces 
(thee method is briefly presented in the Appendix of chapter 2). 

Wee report in this manuscript a series of studies of planar interfaces: 

 part A, where we probe a method to compute the pressure profile and 
thee surface tension of a surface (chapter 2) and we describe the inter-
faciall  domain between oil and water, and its broadening (chapter 3), 

 part B investigates the structural variability and dynamics of a small 
lipopeptidee surfactant at an oil-water interface (chapter 4), 

 part C presents the first molecular dynamics analysis of biological mem-
braness made of tetraether lipids. A distinctive feature of these lipids is 
thatt they form planar membranes (or large liposomes) which are NOT 
aa bilayer (chapter 5). 
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1.22 Molecular simulations 

Dependingg on which properties we are interested in, different simulation tech-
niquess can be used. Molecules can be modelled at a mesoscopic, coarse-
grained,, atomic, or electronic scale [1]. Since we are ultimately interested 
inn the dynamics of complex biological systems where molecular interactions 
needd to be defined until the atomic scale, we chose to perform our simu-
lationss using the molecular dynamics technique [2,3], where molecules are 
representedd at an atomic, or pseudo-atomic scale (when hydrogen atoms do 
nott need to be explicitly defined). Indeed, a fine degree of representation 
off  the molecules has a price in terms of CPU time (computer time, thus 
money),, and consequently restricts the properties we have access to. Fortu-
nately,, since many years, this limiting factor is decreasing tremendously by 
thee improvement of computer power and the development of new algorithms. 

Molecu larr d y n a m i c s 

Molecularr Dynamics applies the laws of classical mechanics to compute the 
motionn of the particles in a molecular system. Newton's second law reads: 

dvii  d2Xi , . 
FiFi  = miai = mi—= rrii-T-2-, " - 1 ) 

wheree F^ denotes the force on particle i (resulting from an interaction po-
tentiall  between particles), mi its mass, â  its acceleration, x^ its position, v* 
itss velocity, and t is the time. Except very few cases which can be solved 
analytically,, one needs to use numerical techniques to solve the equations of 
motion,, yielding at each time step the new position, force, and velocity of 
eachh particle of the system. One of the integration algorithms used to solve 
thesee equations of motion is called the Verlet Leap Prog algorithm. This 
algorithmm evaluates the velocities at half-integer time steps: 

Vii  (t + At/2) = vi (t - At/2) + a tAt (1.2) 

Thee positions are then advanced using the new velocities: 

Xi( tt + At) = Xi{t) + AtVi{t + At/2), (1.3) 

thee velocity at time t being obtained from the average of the velocities half 
aa time step either side of time t: 
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Vi(t )) = l /2(vi( t + At/2) + v«(t - At/2)) (1.4) 

Att each time step, the temperature, potential and kinetic energies are 
computed.. From the study of the trajectories, transport properties can be 
estimated. . 

Moleculess are modeled from connected particles (atoms, or pseudo-atoms 
consistingg of one heavy atom (carbon (C), nitrogen (N), phosphorus (P), or 
oxygenn (O),...), and two or three hydrogen atoms (H)), which interact by 
intermolecularr and intramolecular potentials. The potentials used in this 
workk are typically of the form: 

U U vanderWaals vanderWaals (nj)(nj) « ULj(rij)  = 4e 
12 2 

U U electrostatic electrostatic 
((rr ij) ij) 

<HQJ <HQJ 

47re00 n 

u u bond bond 

u u bend bend 

\?ij)\?ij)  — n"bond\Tij ^o) i 

(Ojik)(Ojik) = -z^bendi&jik ~ ^o) j 

U U dihedral dihedral 
(4>ijkn)(4>ijkn) = -^kdihedrali^ijkn - 4>o) , 

(1.5) ) 

(1.6) ) 

(1.7) ) 

(1.8) ) 

(1.9) ) 

wheree r^ denotes the distance between the particles i and j , e and a the 
Lennard-Joness parameters, qi the partial electrostatic charge on the particle 
i,i, eo the dielectric constant, k the force constant, r0, 6Q, and <fo, the equili-
briumm values of the bond length, the bending angle, and the dihedral angle, 
respectivelyy (see the figure below). 

rr jk jk 
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Thesee equilibrium values, partial charges, intermolecular potential pa-
rameters,, and force constants, define a set of parameters called a force field. 
Dependingg on the system and the properties we are looking at, each force 
fieldfield might give a slightly different representation of the system. 

Inn this work, we have used the latest version of one of the two most 
efficientt force fields existing for the modelling of biological molecule, the 
CHARMMM force field, for the dynamics study of biological systems, as mem-
braness or peptides. Alkanes have been represented by three different force 
fields,fields, specific to this kind of molecules. 




