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Abstract. Monolayers of short chiral alcohols at the water surface provide a simple model for chiral interac-
tions between molecules. This paper is focused on alcohols with two particular chain lengths, 2-tridecanol
(2C13) and 2-tetradecanol (2C14). Thermodynamic and structural parameters were measured, varying
the ratio of left and right enantiomers within monolayers. The evolution of melting temperatures and
entropies is not consistent with the formation of a racemate. Grazing X-ray diffraction, revealing the
molecular stacking, shows clearly that there is no chiral separation. In these two compounds molecules
spontaneously self-assemble at the water surface as a solid solution. The chiral polar head-group is par-
tially screened by the chain thermal disorder of the rotator phase. 2-tridecanol exhibits a hexagonal rotator
phase stable in time and independent of temperature. Experiments performed close to the melting point
show pre-transitional effects for mixtures different from 50/50. This broadening of the peak can be related
to defects in 2D crystals, phenomena already observed for the melting of some 3D systems.

PACS. 61.10.-i X-ray diffraction and scattering — 64.70.Dv Solid-liquid transitions — 82.65.Dp Thermo-

dynamics of surfaces and interfaces

1 Introduction

Most natural molecules are chiral and nature, contrary to
the chemist, can perfectly select either enantiomer. The
understanding of 3D interactions between chiral molecules
is of great importance for many scientific fields [1], in par-
ticular for pharmacology where consequences can be tragic
[2,3]. As most of the receptors in the human body are chi-
ral, the absolute conformation of molecules is crucial, one
enantiomer can have a therapeutic action while the other
have no action, the latter can even be poisonous. Enan-
tiomers of the same compound often possess very different
properties. Another example is the dipeptide Aspartame
which is classically used as a sugar substitute, its natural
form SS tastes sweet while the artificial RR seems bitter.
In order to enhance molecular interactions, Arnett pro-
posed to investigate molecules confined on a surface [4].
The surface potential forces molecules to be nearly verti-
cal, with the chiral part of molecules next to one another,
thus chiral interactions should probably be enhanced. Pre-
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vious studies show different behaviors for binary mix-
tures of enantiomers confined in a two-dimensional space
[5-9] dependent on the interaction between neighboring
molecules and between molecules and the subphase (cova-
lent, electrostatic, hydrogen bonds). In some cases homo
or heterochiral behavior can be predicted according to the-
ory [10] but the model is limited to very simple molecules
self-assembled in Langmuir films. Recently the effects of
chirality in Langmuir monolayers have been studied in or-
der to obtain some indications about biological mecha-
nisms [5] which involves complex molecules and thus dif-
ferent possible ways of interactions.

In order to extract information on chiral interactions
we employed very short and simple molecules (2-alcohols
with 13 and 14 carbons). There are two main interactions
between these molecules: hydrophobic, which controls the
stacking, and chiral, which should impose the symmetry.
Monolayers of short 1-alcohols have been well described
in recent years [11,12]. We can compare our results with
non-chiral molecules with the same chemical formulae and
try to deduce the role of the chiral center.

Results for racemic mixtures of 2-alcohols were pre-
viously presented, the two main points are the follow-
ing [13]. First, the liquid-solid transition of monolayers
is clearly first order for all chain lengths between 10 and
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17 carbons but becomes less so as the number of carbons
decreases. Second, the solid state is characterized by a
hexagonal structure, stable in time for odd alcohols but
not for even ones. In this paper we present results for two
different chain lengths (13 and 14 carbons). We highlight
the influence of the chiral center on the bidimensional or-
ganization. In this way monolayers of racemic mixtures, of
pure enantiomers and of different mixtures of both enan-
tiomers were studied. Phase diagrams (melting tempera-
ture ws. proportion of enantiomers) were established and
completed with a structural study, in order to connect
thermodynamical parameters to molecular stacking. And
in addition, the comparison between the two compounds
can give some indications about the odd/even effect pre-
viously detected.

The first part of this paper contains a description of ex-
perimental techniques including ellipsometry, surface ten-
sion measurements and grazing incidence X-ray diffrac-
tion. The second part is devoted to experimental results
for 2-tridecanol on the one hand and 2-tetradecanol on
the other. For each one, thermodynamic and structural
results and their analysis are exposed.

2 Experimental techniques

Racemic of 2-tridecanol ((£)2C13) and 2-tetradecanol
((£)2C14) were used as received from Aldrich SA (pu-
rity > 99%). Pure enantiomers ((S)C13 and (S)C14) were
synthesized by copper-catalyzed Grignard methyl oxirane
opening [14] (purity > 99%). Mixtures of enantiomers are
noted (75(S)/25(R))2C13 for example with the numerical
prefix indicating the percentage of left and right molecules
in the mixture. The subphase is always ultrapure water
with a conductivity of 18 Mf2 cm~!.

The size of the molecules obliged us to develop a new
method of monolayer deposition because the standard
way of generating a phase transition in Langmuir films
with movable barriers is not applicable for water soluble
molecules [15]. A drop of pure alcohol is deposited on the
water surface, a monolayer spreads spontaneously and re-
mains in equilibrium with the reservoir drop. Any loss of
matter at the surface by evaporation or dissolution is com-
pensated by the reservoir (see Fig. 1). Phase transitions
are induced by temperature variations.

Ellipsometry and surface tension were used to measure
transition temperature and entropies on the same set-up
in the same time. Surface tension is measured by a plat-
inum Wilhemy plate, weighed by a SARTORIUS balance
which yields a stability of 0.5mN/m over 12hours. For
ellipsometry, the incident beam is produced by a He-Ne
laser followed by a GLAN-THOMPSON polariser. The re-
flected beam is analyzed by a A/4 wave plate and a GLAN-
THOMPSON analyzer. It is then collected in a photomul-
tiplier. The angle of incidence is 1.00 degree away from
the Brewster angle. The zero intensity is continuously
monitored by means of small variations of the computer-
controlled polarizer and analyzer. In this configuration,
the analyzer rotation angle is half the phase difference ¢
between the two orthogonal polarizations [16]. The trough
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Fig. 1. Schematic representation of the experimental system, a
monolayer in equilibrium with a reservoir drop. p is the chem-
ical potential for monolayer (2D) or drop (3D) and for each
kind of molecules (¢ = R or S). Black and white polar head
distinguish, respectively, right and left enantiomers.

e

used is made of Teflon (depth: 8 mm) and inserted in a
closed metallic container. The temperature, regulated by
circulating water, is measured by a Pt resistance in a stain-
less steel rod dipped into the trough. The thermal stability
is about 0.05K/hour. All measurements were performed
with temperature varied at a rate speed of 10°C/hour.

Grazing incidence X-ray diffraction (GIXD) experi-
ments were carried out at ESRF (European Synchrotron
Radiation Facility) in Grenoble, on two beamlines. The
BM32 beamline is located on a bending magnet. A dou-
ble diamond monochromator selects a single radiation of
wavelength X\ = 1.38 A. The beam is focused on the sam-
ple by the second diamond crystal. A mirror deflects this
beam onto the sample with an incident angle « = 2 mrad=
0.85a (e = 2.3 mrad critical angle for a water subphase
at the energy of 9keV). Before the sample, X-rays are
monitored by a Nal scintillator. The diffracted beam is

analyzed by Soller slits (resolution of 4 - 1073 Afl) and
then collected in a PSD (Position Sensitive Detector). The
second beamline used, ID10A is an ondulator beamline on
wich a Si(111) monochromator in asymmetric Laue geom-
etry is used to produce a monochromatic X-ray beam of
wavelength A\ = 1.41 A. A Ge(111) crystal in position of
Bragg reflection is used to analyze the diffracted beam and
reach an angular resolution of 5- 1073 deg. corresponding

to4-10~1A7" [17].

A special circular Teflon trough of diameter 80 mm has
been designed for X-ray diffraction experiments. It can
continuously rotate around a vertical axis at the speed
of 1rd/mn, in order to average the crystalline powder
structure. The temperature within the trough is regulated
by circulation of a thermal liquid (range of temperature
[250 K-330K]). In order to reduce capillary waves at the
water-air interface, a flat silicon block is immersed in the
trough, leaving a typical thickness of 300 um of water un-
der the alcohol monolayer. In order to preserve the sample
height during long experiments, a water level regulation
system which leads to a stability of +5 pum over several
hours was developed [18].
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3 Experimental results
3.1 2-tridecanol

There is not much information on the 3D packing of 2-
alcohols due to the lack of enantiomers. As the synthe-
sis of (S)C13 was performed, the first step of this study
was to establish the melting temperature as a function of
the ratio of enantiomers diagram to determine the type of
stacking. Spectra recorded by DSC (Differential Scanning
Calorimetry) for concentrations between 60% and 90% of
(S)C13 show two peaks, one of them is common to all
spectra and can be attributed to the eutectic concentra-
tion, while the other one gives the melting temperature of
the complement. Thus the phase diagram is typical of a
racemate with ranges of solid solution like even ones [13]
and like the major part of crystals of chiral molecules:
more than 90% of studied crystals are racemate [1].

Data for the two-dimensional phase diagram are re-
ported in Table 1. The monolayer melting is indicated by
a jump of the ellipsometric angle and a break of slope
of the surface tension curves. The melting entropy is cal-
culated from the slopes of surface tension ws. tempera-
ture curves. The area per molecule in the liquid phase can
also be calculated from the melting entropy and the area

per molecule in the solid phase [19] (21.5 A’ according to
GIXD measurements). Figure 2a) shows that all melting
temperatures are more or less equal. Moreover, all mono-
layers have the same entropy variations.

Whatever the ratio of both enantiomers, all mono-
layers GIXD patterns exhibit one single narrow Bragg
peak. This is typical of a hexagonal rotator phase. Fig-
ure 3 shows the diffraction peaks for (+)2C13 and (S)2C13
recorded at the same temperature. The maxima are not at
the same position and the comparison of peak positions for
different mixtures of both enantiomers shows that lattice
parameters are all different (see Fig. 4). This means that
there is no chiral separation in this system. But to reach
this conclusion, a high resolution set-up is necessary as the
difference of lattice parameters is very small and can only
be detected with a crystal analyzer. This also allows the
measurements of Bragg peak widths and to analyze the
shape of Bragg peaks. It is known that for 2D systems,
the structure factor follows the law [20]

S(Q) =Q — Qo|~*7. (1)

In two dimensions there is no long-range order due
to thermal fluctuations and as a consequence diffraction
peaks exhibit a power law shape. The high resolution of
the ID10A set-up allows the determination of n with a
good accuracy from line shape analysis and thus to quan-
tify some pre-transitional effects [18], using a fitting pro-
gram developed in our laboratory. For (+)2C13, the Bragg
peak disappears suddenly at the transition without any
evolution before, thus the liquid-solid transition is clearly
first order. For mixtures other than 50/50 a temperature
evolution of the Bragg peak is observed. For example,
the diffraction peaks recorded for several temperatures for
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Fig. 2. Thermodynamic phase diagram: a) melting tempera-
ture vs. ratio of enantiomers for 2-tridecanol, b) 2-tetradecanol,
¢) melting entropies for 2-tetradecanol (¢) and 2-tridecanol

(0).

a monolayer of (60(S)/40(R))2C13 are reported in Fig-
ure 5. One can see that the intensity decreases regularly
a few degrees below the melting point with a broaden-
ing of the peak. This evolution can be quantified. In Fig-
ure 6, the power law parameter 7 (proportional to the in-
verse of rigidity) for a monolayer of (75(S)/25(R))2C13
is reported. Close to melting, 7 increases quickly indi-
cating a decreasing of the monolayer rigidity. The addi-
tion of (S)2C13 to the racemic mixture induces clear pre-
transitional effects. All results presented were obtained
with a liquid reservoir drop but as the hexagonal phase re-
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Table 1. Temperature, surface tension, area per molecule and entropy characterizing the melting of monolayers of 2-tridecanol.

The first column is the fraction of (S)2C13 within the sample.

%(S)2C13 T +£1(°C) 4w £ 1(mN/m) ar +1(A%)  AS, +0.2(ks)
50 19.3 31.2 26.8 5.1
60 19.7 31.0 27.2 5.5
75 19.5 30.2 27.0 5.3
90 18.9 31.6 27.2 5.5
100 20.0 31.7 27.0 5.3
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Fig. 3. Comparison between Bragg peaks for monolayers of
2C13 at the same temperature (19.1 °C), pure enantiomer (Q)
and racemic mixture (¢).
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Fig. 4. Evolution of lattice parameters (ahex) vs. melting tem-
perature (T )-sample temperature (7') for several mixtures of
(R) and (S)2C13.

mains stable we have done the same with a solid reservoir.
The drop crystallization slows down or even stops diffu-
sion of molecules between 2D and 3D phases which does
not modify the microscopic structural properties such as
rigidity (n) and lattice parameter, but affects the quality
and the size of the crystal as revealed by the decrease of
the coherence length. For a monolayer of pure (S)2C13, we
are limited upon cooling because of the drop crystalliza-

q, A%

Fig. 5. Bragg peak evolution with temperature for a monolayer

of (60(S)/40(R))2C13.
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Fig. 6. Evolution as a function of temperature of  parameter
for a monolayer of (75(S)/25(R))2C13.

tion (T¢,, = 12.5°C), but the points recorded do not show
any evolution of the diffraction peak close to melting.

3.2 2-tetradecanol

Thermodynamical results characterizing the 2D liquid-
solid transition for several mixtures of (R) and (S)2C14
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Table 2. Temperature, surface tension, area per molecule and entropy characterizing the melting of monolayers of 2-tetradecanol.

The first column is the fraction of (S)2C14 within the sample.

%(S)2C14 T £1(°C) 4w £ 1(mN/m) ar +1(A%)  AS, +0.2(ks)
50 27.6 33.1 28.4 6.8
60 27.2 31.2 28.4 6.6
75 27.8 32.1 28.3 6.5
90 28.6 30.9 28.4 6.5
100 28.4 32.5 28.5 6.8
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Fig. 7. Evolution with time of the Bragg peak for monolayers of 2-tetradecanol: a) racemic mixture and b) pure enantiomer at

23.1°C.

enantiomers are reported in Table 2. All these results
have been obtained during temperature cycles avoiding
the crystallization of the reservoir drop. Temperature and
melting entropy depend only weakly on the (S)2C14 con-
centration as in 2-tridecanol (Fig. 2b) and 2c)). The av-
erage difference between the melting entropies of the two
compounds, 2-tetradecanol and 2-tridecanol is 1kg which
corresponds to the entropy of one more methylene.

GIXD experiments were carried out on the BM32
beamline because diffraction peaks are broader than for 2-
tridecanol and the high resolution is not suitable. Figure 7

summarizes the results. A racemic mixture ((£)2C14) and
pure enantiomer ((S)2C14) monolayers were deposited in
their liquid phase. The temperature was then decreased to
23.1°C which is between the 2D melting point (28.5°C)
and the 3D one (20°C) to try to avoid any effect of
drop crystallization. At the beginning we observe one
single peak for both, typical of a hexagonal phase with
molecules perpendicular to the interface. It is important
to notice that the crystalline phases are the same for the
two compounds, but the lattice parameter is smaller for
the racemic mixture.
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Fig. 8. Variations of surface tension ws. temperature for a
monolayer of (£)2C14. Melting (Tim) and crystallization tem-
peratures (7¢) of the drop (3D) and the monolayer (2D) are
reported.

e For the (£)2C14, we observe a shift of the peak with a
splitting. It can be seen (Fig. 7a)) that after 6.5 hours
there is no evolution any more and the diffraction pat-
tern corresponds to a centered rectangular lattice with
two molecules per unit cell. This comes from a dis-
tortion of the 60° angle by 1°. The loss of hexagonal
symmetry is usually due to a tilt of molecules but the
Bragg rods show that molecules remain perpendicu-
lar to the interface. In this particular case the split-
ting may be due to the fact that the lattice unit cell
contains two non-equivalent molecules. One can imag-
ine that at that time molecules no longer freely rotate
around their long axis, the distinction between (R) and
(S) molecules is then possible and the formation of a
racemate could be expected.

e For (5)2C14 monolayer (Fig. 7b)), the intensity of the
Bragg peak decreases and after 3.5hours the mono-
layer is not crystalline any more. Bragg rods do not
show any change in the orientation of molecules during
this evolution. Nevertheless, the ellipsometric response
is the same as in the crystalline phase, the density of
both phases are very close to each other.

For the two compounds, surface tension measurements
recorded in the same conditions show that the reservoir
drops could have crystallized during these experiments.
These phenomena could be induced by the variation of
surface pressure consecutive to the drop crystallization
(see Fig. 8) and are not necessarily pure 2D ones. However
the immediate conclusion is that as for 2C13, there is no
chiral separation.

4 Discussion

4.1 Relation between 2D and 3D enantiomeric
excesses

First of all, for a correct interpretation of phase diagrams,
it is necessary to know the enantiomeric excess in the

monolayer. Our particular experimental system allows the
diffusion of molecules from the drop to the monolayer due
to the different chemical potentials as is indicated in Fig-
ure 1, but also vice versa. One can imagine that the sur-
face could have favored only one particular concentration,
50/50 for heterochiral behavior and 100/0 for homochiral
one. A theoretical model was developed to estimate the
surface enantiomeric excess. This simple statistical model
only considers the chiral interactions between first neigh-
bors but it is enough to link the enantiomeric excesses of
drop and monolayer [21].

The equilibrium between drop and monolayer is de-
scribed by the equality of chemical potentials which can
be calculated using the Bragg-William method [22]. Urg,
Uss and Uggs are the short range interaction energies for
homo and heterochiral pairs. The subscripts S and R cor-
respond to left- and right-handed molecules. There is chi-
ral discrimination if Ugg = Usg # Urs and the condition
for chiral separation is Ugrg < Ugrs. Other parameters are
z, the number of nearest neighbors, Ng and Ng the num-
bers of S and R molecules and N = Ngr + Ng the total
number of molecules.

e The expression for the energy U is in the Bragg
William approximation:

=] (5 Jose s (3 )
o (Y= (22 )]

% [(Ns + Nr)*(Usr + Urr)
—(Nr — Ns)*(Usr — Urnr)] -

(2)
U=
(3)

e The exact form of the entropy S is

(4)

S =kpln [(NS *NR)]

Ng!Ng!

By application of the Stirling formulae and in the limit
(Nr — Ng)/N <« 1, for the second order:

(Ng — Ng)?

1
= kg (V. N, n2 - -——nr— =2
S = kp(Ns + R)[D 2 (Nn + No)?

} (5)

Terms of odd exponent are deleted by symmetry: S has
to be invariant by the exchange of R and S molecules
because the number of conformations does not depend
on the chirality of one single molecule.

e The chemical potential is given by u; = (9G/IN;)r.p
i =R or S with G =U —TS in this particular case
because U depends on pressure:
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pr = [2(Urr + Usr) — kT In 2]
1
+ i[k'BT — 2(Usr — Urr)]

o 2(NR*NS) B (NRNS>2‘|’

(Nr + Ns) Nr + Ng
us = [2(Urr + Usr) — kT In 2]

1
+ i[kBT — 2(Usr — Urr)]

o l_Q(NR—NS) B <NR—NS>2‘|.

(6)

(Ng + Ns) Ngr + Ng

Concentrations of S and R molecules are xg = Ngr/(Nr+
Ng) and xs = Ng/(Ngr + Ng) but the pertinent parameter
in our system is the enantiomeric excess

X = Xs — XR- (7)

Addition and difference of homo and heterochiral interac-
tion energies are also more representative than the abso-
lute energies:

Ui = 2(Usr + Urr), (8)
Uz = 2(Usr + Urr)-

Thus, the first order for x is

HR = (Ul - kBTln 2) - (kBT - UQ)X, (9)
pus = (Uy —kgTIn2) + (kgT — Us)x.

These equations are valid for molecules in a 3D environ-
ment as well as molecules in a 2D one. As equilibrium
conditions between drop and monolayer are

pR = R, (10a)
1P = ugP. (10b)

One can immediately write

(ksT — UZP)x?® — (ksT — USP)x*P
= (U12D — k;BTln2) - (UED — kBTth), (11)

the superscripts 2D and 3D respectively refer to the mono-
layer and the drop. This expression has to match with the
high temperature limit when the drop is a racemic mixture
(x*P = 0), which necessarily implies x*P = 0. Finally:

2D (kBT—U§D> 3D_

= oz~ (12)

The excess in the bidimensional phase is determined by
relative values of thermal energy and chiral discrimina-
tion. For high temperatures, effects due to chiral discrimi-
nation are negligible. Otherwise, as chiral interactions are
not the same in 2 or 3 dimensions, the enantiomeric ex-
cesses are not necessarily equal. It is a consequence of the
2D /3D equilibrium which does not result from the concen-
trations equilibrium but from the pressure. The physical

phenomenon allowing pressure changes is the variation of
the density within the monolayer.

U, can be evaluated by semi-empirical methods. It was
previously found that the ratio Us/U; is close to 10—2
[23], however this is not necessary for our interpretation.
Diffraction experiments prove that all mixtures are differ-
ent because all lattice parameters are different. The sur-
face accepts enantiomeric excess and does not impose one
single concentration.

4.2 Interpretation of phase diagrams

The three possible kinds of crystals are racemate, con-
glomerate or solid solution. Or, in other words, ordered
crystal, separation of right and left crystals and disor-
dered crystal [1]. The variations of melting temperature
with the ratio of enantiomers in 3D systems allow to de-
termine the kind of stacking. The same thing can be done
for 2D systems but an additional parameter can also give
information, the melting entropy. As was previously said,
we can deduce AS;p from the measurements of surface
tension variations vs. temperature [13,19]. Total entropy
of a binary mixture contains an entropy mixing term equal
to kp(zgr Inzg + zs In xg) where kg is the Boltzmann con-
stant and x7 is the molar fraction of the I-type molecule.
Thus the difference ASsp between the liquid and the solid
state would be the same for a disordered crystal as for
pure enantiomers, for which no entropy mixture term has
to be considered, whereas the AS>p of an ordered mix-
ture (racemate or conglomerate) would be higher. For the
2-alcohols, the entropies for racemic mixture and the cor-
responding enantiomer are equal which means that the
mixture is a solid solution.

This conclusion is reinforced by GIXD results. For the
two chain length, racemic mixture and pure enantiomer
monolayers present the same crystalline phases but with
distinct lattice parameters. This prevents the possibility
of a conglomerate. Moreover, a racemate lattice requires
at least 2 molecules per unit cell (one R, one S). The
observed hexagonal lattice, which has only one molecule
per unit cell, contradicts the possibility of a racemate for-
mation and rotational disorder seems more probable in
a solid solution. The smaller lattice spacing observed for
racemic mixtures than for pure enantiomers indicates an
attractive interaction between right and left molecules but
not strong enough to stabilize the formation of a racemate
compound. This has already been observed for some bi-
nary mixtures of lipids [24] for example. The small size of
the aliphatic chains allows rotational disorder even at a
temperature far from melting. In that way, left and right
molecules become equivalent and the chiral effects are can-
celled.

4.3 Softening of monolayers

Free rotation of molecules frustrates the chirality effect,
but the evolution of the phase up to the melting of the
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monolayer depends on the ratio of enantiomers. Mono-
layers of (+)2C13 and (S)2C13 do not present any pre-
transitional effects whereas in other mixtures, monolay-
ers become softer close to the melting point. The absence
of any pre-transitional effects for racemic and pure enan-
tiomer monolayers is consistent with surface tension mea-
surements which show that the solid/liquid transition is
first order. Calculations predict it to be continuous only
for less than 9 carbons in the chain. However, previous
results obtained for monolayers of 1-alcohols showed that
ellipsometry is not sensitive enough to detect weak pre-
transitional effects, whereas the diffraction with a high res-
olution set-up allows to detect and quantify these effects.
For short chain 1-alcohols (less than 10 carbons), this kind
of behavior is commonly interpreted as the melting of a
hexatic phase [18]. This is not relevant for 2-alcohol where
the presence or absence of pre-transitional effects depends
on the concentration of left-handed molecules in the drop
and not on the chain length (similar variation has been ob-
served for 2C17 [21]). Thus, it can not only be due to the
well-known effect of melting of a hexatic phase [20]. It has
to be induced by the mixture of both enantiomers. The
addition of left-handed molecules to the racemic mixture
can be considered as adding impurities which disturb the
perfect periodicity of the crystal. As in three dimensions
it can be interpreted in terms of thermal motion of grain
boundaries. The result is the decreasing of the monolayer
rigidity.

5 Conclusion

The study of chiral molecules confined in a two-
dimensional space could be a first step towards the
understanding of chiral interactions in more complex
systems. But research is limited by the fact that pure
enantiomers are not always available. Moreover energies
due to chiral interactions are generally negligible in
comparison with other attractive or repulsive sources.
Expected effects can only be detected with very accurate
apparatus. Thus, 2-alcohols are good candidates because
on the one hand the pure enantiomer synthesis is known
and on the other they form quite large crystals (close
to the mm range) at the water surface which can be
analysed now with the very high resolution provided
by new generation synchrotron beamlines. For short
2-alcohols, the air/water interface does not induce chiral
separation, a heterochiral behavior attraction is detected
in two dimensions. The same results are observed in the
3D, racemic bulk crystals [13] being racemate. But at the
water surface, the disorder of the rotator phase favored
a solid solution instead of a racemate because the inter-
face allows disorder which explains 2D/3D differences.
Contrary to other crystalline monolayers (for example
[25]), the hexagonal rotator phase structure is not af-
fected by chirality, rather the enantiomeric excess of left

molecules can be seen as impurities and consequently the
melting of the 2D crystal is broader than for a pure one,
explaining the decrease in monolayer rigidity observed for
mixtures other than 50/50 or 100/0.
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during all this research project, as well as for experiments and
for many scientific discussions, and also Janine Lajzerowicz for
fruitful discussions. This article is dedicated to the memory of
Andre Collet.
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