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Assembling and compressing a semifluorinated alkane monolayer on a hydrophobic surface:
Structural and dielectric properties
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We investigate the dynamic behavior upon lateral compression of a semifluorinated alkane
F(CF)g(CH,)1gH (denoted EH.g), spread on the hydrophobic top of a suitable amphiphilic
monolayer: namely, a naturathelix alamethicin peptidéalam). We show, in particular, the formation of an
asymmetric flat bilayer by compressing at the air-water interface a mixed Langmuir film maggl gfénd
alam. The particular chemical structure gjHqg, the suitable structure of the underlying alam monolayer and
its collapse properties, allow for a continuous compression of the ugphg onolayer while the density of
the lower alam monolayer remains constant. Combining grazing incidence x-ray reflectivity, surface potential,
and atomic force microscopy data allow for the determination of the orientation and dielectric constant of the
upper BH.g monolayer.
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I. INTRODUCTION alternative way to study the dynamic behavior of SFA mono-

In spite of their simple chemical structure, semifluorinated@Y€rs on hydrophobic surfaces can be achieved through the
n-alkanes ECF,),(CH,)H (denoted EH,, or SFA) can ex- spreading at the air-water interface of mixtures of SFA with a
hibit a large variety of stable smectic and lamellar phase§u'table amphiphilic material. We show, in particular, the

1- hich generally cannot be described accurately b pontangous spreading ofHhg molecules on_th(.a.top qf
[- 4 which g y ! . Y y:_angmuw monolayer made of a natural amphiphilic rodlike

olecule: a-helix alamethicin peptide(alam). The two-
imensional(2D) crystalline structure and the suitable col-
lapse properties of the underlying alam monolayer allow for
a continuous compression of thgHrg monolayer on the top
of the underlying monolayer whose density remains con-
stant.

Surface pressurer) versus molecular aréaand grazing-
cidence x-ray reflectivityGIXR) measurements show that
the observed dense phase of the semifluorinated monolayer
may consist of either a parallel or an antiparallel molecular
organization. Additional atomic force microsco(+M) ob-
servations and surface potenti@dlV) versus molecular area

ergy needed to transfer a-CH;— group from an alkang A measurements allow for discrimination between these two
solvent to wate(6], attempts to study the dynamic proper’ues_ ossible orientations and also for the determination of the

.Of SFA mo_nolayers upon compression at the I_|qU|d a”‘af.‘e'i“.' ielectric constant of the semifluorinated monolayer value.
interface, in the same manner as for classical amphiphilic

Langmuir films[9], have failed. Instead, some SFA can form
stable monolayers at the air-water interface which can be Il. EXPERIMENT
compressed to relatively high surface pressures, as shown The rodlike a-helix alamethicin is a natural antibiotic
initially by Gaines in 19925] and studied in more detail peptide constituted by 19 amino-acid residues and one amino
later by Huanget al. [10], El Abed et al. [11,12, and  gicohol. The biological property of alamethicin relies on its
Maaloumet al. [13] (see for a recent review Refl4]). amphiphilic feature and its ability to form ionic channels
We show in this paper that, since some SFA can formycross the biological cell membrane. The majority of the
monolayers either on the water or on oil-like surfaces, amyamethicin amino-acid residues, including the N-terminus,
are hydrophobic in nature. The peptide is amphiphilic since
its polar hydrophilic groups are either at the C-terminus or
*Electronic address: abdel.el-abed@univ-paris5.fr lies along a narrow hydrophilic strip parallel to the helix

such molecules is mainly due to the presence in the sa
molecule of two “mutually phobic” —(CH,),— and
—(CF,),,— blocks and to a large difference in their chains
cross sections—i.e., 0.28 Rrfor —(CF,),— and 0.18 nrf
for —(CH,),,—.

An interesting feature of SFA, which is inherent to the
presence of both oleophilic and oleophobic chains, is thei[n
ability to exhibit surface activity at the liquid alkane-air in-
terface[5-8]. However, since the free energy of transfer of
one —CH,— group from an alkane solvent to a perfluori-
nated alkane solverti..1 kJ mot?) is only one-third the en-
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axis. The used alamethicin compound was purchased fromhangmuir trough, the only free parameters of the models are
Sigma(Mw. 1959.9 and used as received. the thickness of the slabs and the roughness.

The used gH;g3 compound was synthesized and purified The mixed alam/fH,g films were also analyzed using
(>98%) according to a well-known proceduf#]. At ambi-  surface potential measurements. Classical Langmuir mono-
ent temperature, it exhibits a crystalline phase which melts téayers can be assimilated generally to arrays of electric di-
an isotropic liquid at a temperature equal to 53 °C. ThePoles whose density and orientation may change upon com-
length of the fluorinated blocks can be evaluated from literapression(see for a review Ref[21]). The surface potential
ture data[3,15 using this formula:Lg (nm)=0.13n-1) AV of a nonionized monolayer may be calculated, at a given
+0.238~1.15 nm, wheren=8 is the number of carbon at- Molecular areaA, according to the Helmoltz formulaV
oms in the fluorinated blocks. The fully stretched length ~ =(x1)/(e0eA), whereu, is the average vertical component
and the volumé/y, of hydrocarbon chains can be calculated Of the molecular dipole moment, ¢, is the permittivity of
according to Tanford’s relationshiji6]: Ly (nm)=0.1265n  the free space, andis the relative dielectric constant of the
+0.15~ 2.43 nm, wheran=18 is the number of carbon at- Monolayer. Basically, the monolayer electric parameter
oms in the hydrocarbon blocks. which can be readily deduced from surface potential mea-

The overall BH,g dipole momentur intensity has been Surements is theffectivemolecular dipoleu, /e. Upon com-
calculated usingiopac software and found equal to 3.4 D. It Pression, in fact, the surface potential variatidN either
is directed along the molecular long axis from the fluorinatedMay originate from reorientation of the electric dipole of the
chain towards the hydrogenated chain. It is mainly due to th@mphiphilic molecules or may result also from the reorienta-
CF,— CH, junction and to the terminaCF; group. tion of water molecules underneath the mqnolayer. The sur-

The 7-A isotherm diagrams were obtained with a Teflonface potential(AV) versus molecular areA isotherm dia-
made Langmuir trougtiRiegler and Kirsten The experi- grams were recordedsimultaneously withm-A isotherm
ments were performed a=20 °C. The surface pressure diagram$ using a Langmuir trough purchased from Nima
was measured continuously using a Wilhelmy plate with anfechnology Ltd. The surface potential sensor consists of a
accuracy of about 0.1 mN/m. Monolayers were spread, fronfommercial Kelvin probe with an area of 0.2 £which is
a 2.5 mM chloroform gHy solution and a 1.0 mM chloro- suspended above the film spread at the air-water interface.
form alamethicin solution, on a pure water surfage Surface potential and molecular areas were measured with an

=5.7) and the films were compressed at a constant compregccuracy of 30 mV and 5%, respectively. N

sion rate of 0.04 nAimolecule/min. The m|_xed films were _also transferred o_nto S|_I|con sub-
The setup used for measurements of x-ray specular reflegirates using the Langmuir-BlodgetiB) technique, in order

tivity of liquid surfaces was described elsewh¢tg]. The 1O be imaged with an atomic force microscope. The used

characteristics of the x-ray beam are 0.154 nm for the waveAFM was a Nanoscope lll, and the transferred films were

length\, about 2x 10° photons per second for the intensity, @nalyzed in the tapping mode.

8 mm for the horizontal widtlw, and 50um for the height IIl. RESULTS

e. As the x-ray reflectivity is a function of the vertical profile

of the mean electron density, it gives information on the We will first present the structural properties and the dy-

molecular packing. Experimental curves are fitted using clastamic behavior of the pure alam monolayer; then, we will

sical optics with a one-, two-, or three-slab mote]. The ~ consider, in a second section, the case of mixed alghiyd~

roughnessr of the interface induced by thermal fluctuations films.

is also taken into account. Its contribution to the reflected

x-ray intensity is mainly equivalent to a damping term

exp(—g°c?) as we discuss in the following, being the trans- 1. 7r-A isotherm diagram

fer wave vector. According to Daillart al. [19], the diffuse Curvea of Fig. 1 shows ther-A isotherm diagram of a

scattering becomes significant whef”=1 and must then  pure alam monolayer. The steep rise of thé isotherm and

be taken into account in the reflectivity data. In this studythe compressibility coefficient of 2.9 m/N(at =

this becomes true at abogt3 nni*, which is only at the =20 mN/m) indicate a solidlike structural organization of

end Of the curves Where the reﬂeCtiVity VaniSheS. Although:he a|am mono'ayer. The mo'ecu'ar area Va|ue Of 32 nm

introducing the diffuse scattering is more accurate, it addgdetermined at a surface pressure of 20 mi)ompares

extra parameters in the theoretical curve; furthermore, thgell with the alam molecular dimensions: an alamethicin

intensity recorded in the specular direction is corrected bynolecule may be approximated by a cylinder of a 1.0 nm

the intensity recorded at an angle of 0.1° above the speculgfiameter and a 3.0 nm height. These results indicate that the

direction, in order to subtract not only the background butajam molecules are oriented with theirhelix axis parallel

also a part of the diffuse scattering. Thus, in this study, usingo the air-water interface, as shown in a previous study by

a simple damping term expag’s?) gives the same results as synchrotron grazing incidence x-ray diffracti¢BIXD) ex-

taking into account the diffuse scattering. In this cas&s an  periments[20].

effective roughness which takes into account all intrinsic o o

roughnesses and the thermally induced capillary waves. 2. Grazing-incidence x-ray reflectivity

Mean electron densities are derived from the area per mol- In this paper, we report an additional proof of the in-plane

eculeA and from the chemical composition and the thicknesrientation of the alam molecules at the air-water interface,

of the slab. As the molecular aré®ais determined by the using grazing-incidence x-ray reflectivity.

A. Pure alamethicin monolayer
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FIG. 1. Surface pressure (curvea) and surface potentialV
(curve b) versus molecular areA isotherm diagrams obtained on
compressing a pure alamethicin monolayer; the compression speed FIG. 2. Experimental reflectivity curvegicurve A) a pure
was about 0.04 nfdmin/molecule and the temperature was set atalamethicin monolayer compressedgf,=3.20 nnt and a mixed
T=20°C. FgH, g/ alamethicin film compressed #-=0.34 nn? (curve B: +)

and Az=0.28 nn? (curve C: O). For curveA, the solid line corre-

Curve A of Fig. 2 shows typical x-ray reflectivity of the SPonds to the best fit using a one-slab model. Solid lines correspond
pure alam monolayer recorded versus the transfer wave velQ the best_ fits of the experimental curves whose parameters are
tor g at a surface pressure of 20 mN/m and a molecular areBresented in Table 1.
of 3.20 nnt. The profile of the experimental curve is typical ) .
for thin monolayers and the data are very well fitted by alPon compressing, the alam monolayer exhibits an abrupt
one-slab modelsee Table ). The measured roughness of increase in surface potential at a molecular area of about
0.28 nm is typical of interfaces with a surface tension of4-:0 Nnf; then, AV reaches a value of about 0.540 V in the
about 50 mN/m. The measured thicknégg,=0.83 nm is  alamethicin solid 2D phase, #ay=3.20 nnf. We would
in agreement with an in-plane orientation of alam moleculedike to note that the occurrence of a sudden jump in surface
at the air-water interface. potential isotherm diagrams is typical for many amphiphilic

We would like to add that the x-ray reflectivity and the monolayers. It is.generally attributed to a sudden decrgase of
measured thickness,,, of the alam monolayer do not vary the monolayer d|.electr|c cpnstamjue to(i) an aggregation
upon compression in the collapse plateau region. This resuRfocess of growing domains of the dense phase during the
is of a particular interest in our study: it shows that the den-9as-dense phase transition dfigland to the subsequent ex-
sity of the alamethicin monolayer does not change in thePelling of water molecules from the headgroups-subphase

collapse plateau region, as corroborated hereafter by surfadaterface[22]. o .
potential experiments. As we showed above, alamethicin molecules lay with

their long helix axis parallel to the air-water interface; hence,
the measured surface potentl is proportional to the nor-
mal componeniu,,m  Of the alam electric dipole moment
Curveb of Fig. 1 shows the\V-A isotherm diagram of a relative to the long axis of its helix. The positive sign of the
pure alamethicin monolayer spread at the air-water interfaceecordedAV shows thatu,ay is oriented upwards—i.e.,

3. AV-A isotherm diagrams

TABLE |. Fits parameters values of two experimental x-ray reflectivity curves recorded for a mixed
F8H18/alamethicin film withRg 4,0~ 3.94 [see Figs. AB) and(C)] and for a pure alamethicin monolayer
[see Fig. 2(A)]. Experimental curves of the mixed film were recorded\at 0.34 nn? and Ar=0.28 nnd.

The best models are HR and FH mode(see Fig. 4. For the FH model, the fluorinated slab thickness was
limited to Lg=1.25 nm;hy, h,, andh; represent, respectively, the thickness of the upper, medium and lower
slab; h,am represents the thickness of the lower alamethicin monolayer. Experimental curve of the pure
alamethicin monolayer film was recorded/gj,=3.20 nnf and a surface pressure of 20 mN/m.

Model hy (nm) h, (nm) hs (nm) Natam (NM) o (nm) P
A:=0.34 nnt HF,H 0.83 1.36 0.90 0.73 0.51 0.18
FH 0.93 1.59 - 0.71 0.62 0.85
Ag=0.28 nnt HF,H 1.05 1.45 1.12 0.65 0.67 0.21
FH 1.25 1.74 - 0.71 0.80 0.65
Aglan=3.20 nnt (pure alamethicin monolaygr 0.83 0.28 0.32
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50 1
FIG. 3. Surface pressure versusAr molecu-
40 - lar area isotherm diagrams, obtained on com-
g pressing mixed films of §H,g/alamethicin made
E with different molecular mixture ratiofRg/zam
< 399 the compression speed was about 0.04 nm2/
‘% min/molecule and the tengpature was set at
g'fa 20 4 b T=20°C. Curvea: pure alamethicin mono-
a a layer. Curveb: Rg/zan=2.46. Curvec: Rrjaam
§ (A, =2A) =3.68. Curved: Rggan=7.06. Curvee: Reaiam
£ 40 =11.06. Curvef: pure RgH;g monolayer. To
» convert thex axis from Ag values toAym vVal-
ues, one should multiphA: values byRg/ajam
0+ (except for curvea for which Ag values should
: | : be multiplied by 2.

T T | , T . | , T T ,
0.00 0.30 0.60 0.20 1.20 1.60 1.80 210
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from the water subphase towards the air. Applying the Hel- According to theser-A isotherm diagrams, one may note
moltz formula for AV=540 mV andA,,+=3.20 nn¥, one the following.

could deduceuyam, /e=4.62 D. The transverse component (i) The film can be compressed up to surface pressure
of the alam electric dipole moment which appears to bevalues of about 45 mN/m, which is greater than the sum of
much smaller than the parallel component as reported in thihe individual collapse pressure values of bogHf and
literature [23]: faam. =75 D. One should remark that the alamethicin pure monolayers, respectivedy,-=12 mN/m
measurement of such an electric dipole moment could origi@nd ¢ aiam=29 MN/m. _

nate from eithe(i) a genuine transverse electric dipole mo- (i) The surface pressure increases steeply at an alame-
ment which would be oriented from the hydrophilic “side” thicin molecular aredan, of about 3.2 nrfas for the pure
towards the hydrophobic “side” of the alamethicin helix Oralamethlcm monolayefcurve a).

(i) a slight tilt of the long axis of alamethicin molecules. These results indicate thaglfs and alamethicin mol-
ecules do not share the same surface.

On comp(essing further the alamethicin !””O”O'ayer in thg After the continuous collapse of the alamethicin mono-
collapse region, the surface potential remains constant. Thig,l

Itis | £ with : tat t that th yer, a second increase tnhoccurs practically at a molecu-
resuit 1S in agreement with our previous statement tha r area value of aboud-~ 0.3 nn¥, which is equal to the

alam monolaye_r density remains constant duri_ng the collaps§,gjecular areaA. of a pure and dense semifluorinated
process. We think that the collapse of alamethicin monOIaye%onolayer(curvefOof Fig. 3. Thus, the second increasesn

corresponds to a solubilization of molecules in the watelg, 0 i be attributed to the compressing of a monolayer of
subphase. FgH1g molecules alone. It is in agreement with our statement
that R;H;g and alamethicin molecules lay at two different
B. Mixed alamethicin-FgH g films interfaces.

A particular case is wherBg,,=11.06(curve e of Fig.
3) for which the surface pressure increases steadily from
0 mN/m up to 45 mN/m at a molecular area of about
6.3 nn?. For this particular value oRg/5.m ONE May expect
that the underlying alam monolayer should be fully covered

FgH1g molecules. Indeed, in this case, the molecular mix-
ture ratio can be expressed alsdRagam=Ao ajan! Ar, where
Ao,alan=3-20 nnt and Ag =0.28 nnf represent molecular ar-
eas of the close packed pure alam antH{ monolayers,
respectively.

Also, we would like to remark that in the case of cutve
of Fig. 3, which corresponds to a sm&l},=2.46 value,
the second increase in surface pressure occurs at a molecular
area A-~0.35 nn? which is sensitively greater thaAFO.
Nevertheless, due to the small surface of the Langmuir
trough and to the large difference between molecular areas of

Curvesb—f of Fig. 3 show the surface pressureA iso-  alamethicin and of fH;5 molecules, the observed difference
therm diagrams of mixed alamgiH,g films as a function of between curveb and the other curves of Fig. 3 should be
A for different Rg/am Values. attributed actually to a greater error in the calculation of

Generally, in the case of mixed films made of two classi-
cal amphiphilic molecules, the molecular arkaised to plot
7-A isotherm diagrams is the average molecular area of th
two used amphiphilic molecules, as the two amphiphilic spe
cies share the same surface. In our particular case, we defi
two molecular areash\s for FgHg and A, for alamethicin,
by dividing the overall film are& by the number of either
FgH,5 molecules(ng) or alamethicin molecule$n, m: Ar
=S/ng andAgam=S/ Ngam We define alséRe/ajanm=Ne/ Najam 8S
the RH,g/alam molecular mixture ratio.

To convert ther-A isotherm diagranx axis from A¢ to
Agam ONne should simply multiplyAr values by the consid-
eredRg/,am Value.

1. -A isotherm diagrams
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Ii i I F8H18 monolayer }}I!%!‘I

- = alamethicin monolayer

waves(ox y 2 wherey is the surface tensionActually,
there is not one but three interfacéwater/alamethicin,
alamethicin/iH.g, and FRH;gair) and some preliminary
GIXD data show that the alamethicigHFg interface is
rough; furthermore, defects, such as holes in the film or in-
Model 1 Model 2 homogeneities are likely to be present in the filRgH g is
. . _ known to exhibit unusual packing in filmgl2]). All this
_FIG._4. Schematic representation of two possible models for thg, .o ocag substantially the effective roughness of the film.
orientation of the upper g1 monolayer: HH (model ) or FH 10 nain consequence for that high effective roughness is
(model 2. Whereas both models can be accepted by regards fhat there is strong diffuse scattering by the film, and the
GIXR data, the HEH which suggests the formation of a nonpolar ray reflectivity vanishes rapidly, as can be seen ’on Fig. 2
FgH1g monolayer should be rejected according to surface potenti n this case a more precise the'ory that takes into accc.)un.t
measurements. diffuse scattering should have been used. But the same re-
) sults were found using both theoriésee the experimental
molecular areas. In this case also, border effects should bfectior); this is essentially due to our experimental proce-
greater. _ dure, where the diffuse scattering intensity is partly removed
From the above observations, one may conclude that thgon the raw reflectivity data. Another consequence of that

first increase in surface pressure corresponds to the COMpregzqe effective roughness is that the thickness found for the
sion of a homogeneous and pure monolayer of alamethicig|amethicin layer is only indicative, as it is not large com-
molecules and the second increase of surface pressure COMB4red to the roughnegsee Table )L

sponds to the compression of a homogeneous and puré pqr the FH model, the measured thicknesses of the fluori-
monolayer of fH;g molecules. Such a result means also thalyateq and the hydrocarbon slabs were found, respectively,
FgH1g molecules forms spontaneously a monolayer on theyqa) to 0.93 nm and 1.59 nm A¢=0.34 nnf. For data re-
top of the alamgthlcm monolayer; i.e gHF g and alamethicin _corded atA-=0.28 nn?, the hydrocarbonated slab thickness
molecules demix spontaneously along the normal to the aif a5 found about 1.74 nm with a restricted maximum value
water interface. of aboutLr=1.25 nm for the fluorinated slab thickness.
o o Using the HEH model, the measured thickness of the
2. Grazing-incidence x-ray reflectivity inward fluorinated slab was found equal to 1.36 nm and
Figures 2(B) and(C) show experimental x-ray reflectivity 1.45 nm for A-=0.34 nnf and A-=0.28nn%, respectively.
curves obtained for a mixedgH,g/alamethicin film with ~ These values, which are slightly higher than the maximum
Re/aan=3.94, recorded, respectively, at tw@ values where Vvaluelg, should not be rejected since the fluorinated chains
a homogeneous dense phase gfi f; molecules is expected: may be slightly shifted relative to each other. The thickness
A=0.34nnt (7=27 mN/m) and Ar=0.28nnf (7 Of the external hydrocarbon leaflets were found to be ap-
=45 mN/m). These experimental data have been fit usingProximately equal to 0.86 nm and 1.08 nm fohe
the same models used in a previous study gH,fLang-  =0-34 nnf andA:=0.28 nnt, respectively.
muir films[12,13: FH/HF, FH, HF, HRH, and FHF. In the The thickness of the _alamethlcm sublayer was found close
first model, SFA molecules orient themselves antiparallefo the one measured in the case of a pure monolayer of
relative to each other on the alametihicin monolayer; this is &lamethicin molecules for both FH and bHF models.
two-slab model that has only three paramet@veo thick- Hence, x-ray reflectlylty experiments give an additional
nesses and the effective roughness the second one, the evidence of the formation of two monolayers stacked over
FH monolayer model, the fluorinated chains extend upwardach other. Nevertheless, our x-ray data do not allow for
and the hydrocarbon chains extend downward—i.e., towar§h0osing between the two models.
the alamethicin monolayer; it has four parameters. In the
third model, HF, the fluorinated chains are downward and the
hydrocarbon chains are upward; it also has four parameters. In order to have a better view of the molecular organisa-
The two remaining HFH and FHF models consist of inter- tion of the mixed alam/gH;s, we used the Langmuir
leaved bilayers on the alamethicin monolaysee Fig. 4  Blodgett technique to transfer, onto silicon substrates, single
and have five parameters. layers of the mixed alam/Hg film at different surface
Parameters values of the best fifsr which y’><1) are  pressure values.
reported in Table I. F&F, HF, and FH/HF models are re- Figure 5a) shows an AFM image of one alamgifg
jected because, for acceptable slab thicknesses, jheial- layer transferred at 24 mN/m and a la@e value of about
ues are well above 1: approximately 5, 8, and 500, respe®.6 nnt. Analysis of this image shows thagif, g molecules
tively. The best fitting models were found to be FH andform nanoscopic circular domains with a characteristic size
HF,H at A-=0.34 nnt and A-=0.28 nn?t (see Fig. 2 of about 4.0 nm and a thickness approximately equal to
The effective roughness is found to be between 0.5 an@.6 nm. This latter value is rather in agreement with the FH
0.8 nm. This is larger than expected: For a surface tensiomodel. At a smallerAg value of about 0.3 nf) a close-
about 40 mN/m, which is the value for the film arouAd  packed monolayer of JH;5 molecules with a similar nano-
=0.3 nnt, the expected roughnessis about 0.35 nm when scopic pattern can be observggg. 5b)].

I%‘l one only takes into account the thermally induced capillary

Water subphase

3. Atomic force microscopy
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is negative. Thus §H,g molecules should orient their electric
dipole moment downward. Consequently, one should reject
the HRH model and consider the FH model.
Moreover, a plot oAV vsA;1 (Fig. 7) measured at a fixed
Agian=3.20 nnt shows clearly a linear decrease¥ versus
the density of the §H;5 upper layer. In order to explain this
linear decrease, let us consider thgly/alamethicin bilayer
as a two layers capacitor with two different electric dipole
moments and two different dielectric constantg:= waam
€1=€zam and wy,=pug, e,=¢¢ for the alamethicin and the
FgHg layers, respectively. Thus one could write, by analogy
FIG. 5. AFM images of two single alam4F ;g mixed layers ~ With the Demchak modgl24],
transferred at:(a) A=0.6 nn?, the FgH,g monolayer occupy
roughly half of the overall surface as expecté),A-=0.3 nnt, an

almost densily packed monolayer ofgHrg molecules can be soAV:ﬂ+&.
observed. el ehy

Considering the experimental value of the surface poten-
4. Surface potential measurements tial of the alamethicin monolayer,

Figures 6a) and &b) show theAV-A isotherm diagrams
of two alam/RH;g mixed films with Rg/5.=2.50 and i
Rr/aian= 3.68, respectively. o 462D.
As we can notice, the greater the density of the upper 1
FgH,g monolayer, the lower the surface potential of the At A;=A,.+=3.20 nn%, the above equation becomes
mixed film. Hence, since the surface potential of a pure alam

monolayer is positivécurveb of Fig. 1), such a result indi- 1 1
cates that the surface potential of the uppgl s monolayer AV=0.54 +—<&) —,
265 &€ A2
RF/a\m= 2.46
5 40 whereAV, u,, andA, are expressed in volt, debye, and%m
1 1 200 respectively.
= 40-_ (a ] The determination of the experimental slope of the linear
Z 304 40 = curveAV vs A;l gives an estimation for the effective electric
E 1 3 dipole of FyH,g molecules:
& 204 —4-200 5
1 Jwo - 400 LF - _0.78D.
0 1 EE
—T 7T —— 1 -600
20 40 60 80 100 120 Moreover, if one considers the calculated value gf
A, (angstrom?) =3.4 D and a value of about 4.5 for the dielectric constant of
R, =7.06 the RH.g monolayer, as reported by Hariharan and Harris
50 ] 7 0 [25] for FgHg, then one may deduce a calculated value of
| 1 100 uel eg=—0.75 D, which is a close agreement with the experi-
40+ (c) ] mental value —0.78 D.
€ 20- {300 3 IV. DISCUSSION
10 | .
] (d) - -400 Previously, Krafftet al. [26] showed the occurrence of a
0+ | 500 vertical phase separation in mixed Langmuir films made of
— 1 ' 1 T T T T -

another semifluorinated alkane—namelygHi—and a
phospholipid( DPPBE. However, their reported vertical phase
separation was observed only at surface pressure values
FIG. 6. Surface pressure (curvea) and Surface potentialy ~ €dual or higher than the collapse surface pressure of the pure
(curve b) versus molecular area isotherm diagrams of a Semifluorinated monolayer—i.e>13 mN/m, whereas at
FgHig/alamethicin mixed film made with a molecular ratios lower surface pressure values a lateral “miscibility” is ob-
Re/alan=7-06; the  compression speed was  aboutServed. Actually, the spreading at the air-water interface of
0.04 nn?/min/molecule and the temperature was seTaR0 °C.  FgHig molecules(which carry no hydrophilic headgroups
To convert thex axis from Ag values toA,,, values, one should despite the presence of a more suitable DPPE/air interface,
multiply Ag values byRg/am values. may indicate that the behavior of thgHr/DPPE system

A, (angstrém?)
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0.6 |
0.4 -

0.2 -

FIG. 7. Plot of surface potentialV versus
AL The different values oAV were measured
from different mixed kHqg/alamethicin films at
0.2 - a fixed alamethicin molecular area &yam
=3.20 nn?, with Re/aamvarying from 0 to 11.

0.0 -

AV (volt)

-0.4

-0.6 |

T T T T T T T T T T T T T T T
0.0 0.5 1.0 15 2.0 25 3.0 35

1/A_(nm)

should be mainly governed by minimization of the air-waterlel HF,H orientation. These results will be discussed in more
interface surface tensiofyaw)- detail elsewhere.

The ability of semifluorinated molecules to form mono-
layers either on the water surface or on hydrophobic surfaces
shows that the lateral SFA-SFA interactions play a key role V. CONCLUSION
in the spreading behavior of SFA and the stabilizing of their
monolayers. They also lead generally to the self-aggregation We investigated an experimental method to study the dy-
of SFAin nanoscopic domains or, in some particular cases, tdamic behavior of semifluorinated alkanes on hydrophobic
their insertion in hydrophobic cavities, as reported by Losurfaces versus lateral compression. We have shown, in par-
Nostro in a recent studj27] on mixed films of gH;q and  ticular, that the BH,g diblock semifluorinated alkane spreads
cyclodextrin. spontaneously on the top of an amphiphilic Langmuir mono-

Moreover, since semifluorinated alkanes carry a strond@yer made of the natural alamethicin peptide. Thanks to the
electric dipole, the determination of the molecular orienta-Suitable structure and the collapse properties of the underly-
tion of the upper SFA monolayer may give a valuable insightng monolayer, the upper semifluorinated monolayer can be
into the nature of the stabilizing lateral interactions. For ex-compressed continuously until a dense monolayer is ob-
ample, strong electrostatic interactions and long hydrocarbotined. Combining results of surface pressurgversus mo-
blocks should favor HfH organization whereas long fluori- lecular areaA measurements, grazing-incidence x-ray reflec-
nated blocks should favor FH organization. Such a statemertivity measurements, atomic force microscopy observations,
is confirmed by a new study we are currently carrying out onand surface potenti#d\V) versus molecular area measure-
another mixed film made of;5H,, and alamethicin. Prelimi- ments allow for the discrimination between different possible
nary results show that;fH;, adopt on the top of the alam orientations of EH;g molecules and also for the determina-
monolayer a parallel FH orientation at large molecular areagjon of the dielectric constant of the semifluorinated mono-
whereas at smaller molecular areas, they adopt the antipard&yer value.
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