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Abstract. In a Langmuir trough, we studied the formation and the behaviour upon compression of Langmuir

films of 1) a-hexadecyl derivative of fert-butoxycarbonylated glycine, respectively a-octadecyl derivative of
tert-butoxycarbonylated glycine methyl ester on L- and D-amino acid subphases with/without Cu?* ions, and 2)
N-hexadecanoyl derivatives of four L-amino acids (Ala, Ser, Glu, and Phe) on pure water subphase. The films
were characterized by their A, and A, molecular areas, 1. collapse pressure, C~* compression modulus, and

the IT¢-1 surface pressure at maximum compression modulus. In this contribution, the found peculiarities of

the different amphiphile-subphase pairs and the drawn conclusions about the structure of the films and the
interactions of the amphiphiles with the subphases are presented.

1 Introduction

Langmuir (L) films and Langmuir-Blodgett (LB) layers
of long side chain amino acid derivatives are interesting
for the investigation of (bio)sensing mechanisms, drug
delivery processes, 2D chiral organization and
recognition, etc., and the development of sensor,
corrosion inhibitor, anti-biofouling etc. layers. L films of
Ala [1-3], Asp [4], Ser [5-6], Val [3] etc. alkyl
derivatives have been studied on different subphases.

In our recent studies, we demonstrated the corrosion
protection and antibiofouling ability of carboxylic and
hydroxamic acid LB layers and self-assembled
monolayers [7-12]. In the present study, the L films of
two a-alkyl amino acid derivatives and four
N-hexadecanoyl amino acids on several subphases have
been studied by surface pressure — area isotherms.

2 Materials and methods

The raceme mixtures of the two a-alkyl amino acid
derivatives,  N-(z-butoxycarbonyl)-2-hexadecyl-glycine
methyl ester (BOC-GlyMe-C16) and N-(z-butoxy-
carbonyl)-2-octadecyl-glycine (BOC-Gly—Cl18), (see
figure 1) have been synthesized as described in [13]. L-N-
hexadecanoyl amino acids were prepared in a Schotten—
Baumann reaction from the respective L-amino acid and
hexadecanoyl chloride. The resulting compounds were
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Fig. 1. Amphiphilic compounds used in these experiments:
a-alkyl amino acid derivatives BOC-Gly—C18 and BOC-
GlyMe-C16, respectively N-palmitoyl amino acids C16—-N-Ala,
C16-N-Ser, C16—-N-Glu and C16—N-Phe.

purified in subsequent recrystallization steps, and were
characterized by elemental analysis, melting point
determination, thin layer chromatography and optical
rotation. 30, 45 and 60 pl volumes of 2 mM solutions in
chloroform were uniformly spread in a LB trough (611D,
NIMA Technology Ltd., Coventry, UK) equipped with a
Wilhelmy-type surface pressure gauge using filter paper.
The N-hexadecanoyl amino acids were spread on a clear
water subphase (MilliQ). The a-alkyl amino acid
derivatives were spread on: water, | mM CuAc;, 100 mM
D-Ala, 100 mM L-Ala, 100 mM D-Asn, 100 mM L-Asn,
and mixed solutions containing 100 mM D-Asn + 1 mM
CuAc;, respectively 100 mM L-Asn + 1 mM CuAco,.
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Compression of the monolayers started 2 minutes after
spreading, with a rate of 100 cm?/min. The subphases
were thermostated to 20 °C with a precision of 0.5 °C.
The obtained surface pressure — area isotherms were
further processed to obtain collapse pressure, molecular
areas and compression moduli.

3 Results and discussion

3.1 a-alkyl amino acid derivatives

The isotherms of BOC-GlyMe—C16 and BOC-Gly—C18
on different subphases are shown in figure 2, A and B.
The derived compression modulus curves are presented
in figure 2, C and D. BOC-GlyMe-C16 shows a
continuous increase of the surface pressure, going
through an inflexion point, and then increasing with a
mild slope without a breakdown. Contrarily, the
isotherms of BOC-Gly—Cl18 initially start to increase
with a moderate slope, go through a plateau region, and
then rise steeply and finally a real collapse is observed.
The BAM images of the two amphiphile’s
monolayers (not shown) are accordingly very different. In
the case of the BOC-GlyMe-C16 individual islands
formed already at the moment of spreading with clear
boundaries and high contrast can observed, whereas

BOC-Gly-C18 spreads instantaneously and
homogeneously on the surfaces forming continuous
monolayers.

From the isotherms, the A, molecular area at collapse
and the corresponding [I. collapse pressure are obtained.
By extrapolation of the collapse point to zero surface
pressure, the A, molecular area can be determined.
Table 1 and figure 3 summarize these quantities. On each
subphase 1) the collapse pressures of the BOC-Gly—C18
films are much higher; and 2) both molecular area values
of the BOC-Gly—C18 films are much smaller than those
of the BOC-GlyMe—C16 films.

The BOC-GlyMe—-C16 monolayers collapse before
reaching a true solid phase, continuously, the film
layering up as the barrier moves. This collapse is very
similar to the quasistatic collapse found at unsaturated
fatty carboxylic and hydroxamic acid monolayers [7]. In
contrast, the  BOC-Gly-C18  films  collapse
instantaneously, after reaching a real solid phase.

These observations indicate that BOC-Gly—C18
molecules behave much more ideally than BOC-
GlyMe-C16 molecules. The BOC-Gly—C18 molecules
interact with the water molecules through their free
carboxylic groups. This interaction is apparently much
stronger than the one among the film forming molecules
themselves. Thus, the molecules spread readily and
quickly on the water surface, covering the whole area
uniformly. Contrarily, BOC-GlyMe—-C16 molecules
behave non-ideally. Probably due to the esterified
carboxyl group, which is more hydrophobic than a free
one, the molecules adopt distorted conformations with
much larger space demand. They also tend to form
aggregates from the very beginning of the spreading, the
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Fig. 2. Surface pressure (I1) — molecular area (A) isotherms of
BOC-GlyMe—C16 (A) and BOC-Gly-C18 (B), and the
corresponding compression modulus (C51') — surface pressure
(I1) curves (C and D) at 20 °C on different subphases: 1) water;
2) CuAcz; 3) D-Ala; 4)L-Ala; 5) D-Asn; 6) D-Asn + CuAcs;
7) L-Asn; 8) L-Asn + CuAca.
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interaction among the amphiphiles being stronger than
the interaction between the amphiphiles and the water.

Table 1. [1; collapse pressures as well as A. and A, molecular
areas of L monolayers of BOC-GlyMe—C16 and BOC-Gly—
C18 on different subphases. For each amphiphilic compound,
the subphases with lowest and highest values are marked with
light, respectively dark grey.

BOC-GlyMe—-C16 BOC-Gly—C18

# subphase I A, A I A. Ay
mN/m A? A? mN/m A? A2
1 water 193 483 508 380 239 27.1
2 CuAc 283 434 485 309 197 244
3 p-Ala 273 484 53.0
4 1-Ala W 424
5 D-Asn 288 354 326 219 27.1
6 D-Asn+CuAc: 28.1 27.6 32.1 427 22.0 254
7 L-Asn 27.0 294 3338 232 26.0
8 L-Asn+CuAc: 21.6 33.6 37.8 443 222 274

Metal ions, as well as certain amino acids added to the
subphase, are known to interact with the film forming
molecules through strong coordinative and hydrogen
bonds. The change in I, A. and A, of these films with
respect to those on pure water subphase, can be used to
conclude about the strength and geometry of these bonds.

The copper ions in the subphase have, as expected, a
compacting effect on the organization of the amphiphiles,
decreasing both A. and A,. This tendency is more
pronounced in the case of BOC—Gly—C18 than in the case
of BOC-GlyMe-C16 that can be attributed to the
presence of the methyl ester group in BOC-GlyMe—C16,
as described above.

On both D- and L-Ala subphases, BOC-GlyMe-C16
monolayers exhibit slightly larger A, and larger 4, values
than on pure water. Similarly, BOC—Gly—C18 monolayer
on L-Ala subphase exhibits larger A. and 4, than on pure
water. The II, collapse pressures are in each case higher
on these amino acid subphases than on pure water
subphases, indicating stiffer films. Thus Ala, in its both
optical isomers, slightly expands the monolayers of these
amphiphiles.
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Fig. 3. II. collapse pressure and A, molecular area values (A),
respectively Crl, maximum compression moduli and the
corresponding [Tc-1  surface pressure values (B) determined
from the L film isotherms of BOC-GlyMe-C16 (empty
symbols), respectively BOC-Gly-C18 (filled symbols), recorded
on different subphases: water (ll); CuAc: (@); D-Ala (A);
L-Ala (V); D-Asn (®); D-Asn+ CuAc: (®); L-Asn (%*);
L-Asn + CuAc: (®).

D-Asn, contrarily, has a close-packing effect: both
BOC-GlyMe-C16 and BOC-Gly—C18 exhibit smaller
molecular areas on D-Asn than on pure water. This

packing effect is more pronounced in the case of BOC—
GlyMe-C16 than in the case of BOC-Gly—C18. For
BOC-GlyMe-Cl16, it is even stronger than the effect of
copper ions. By adding copper ions to the D-Asn
subphase, the molecular areas decrease slightly even
further. The effect of L-Asn is qualitatively similar and
quantitatively very close to that of D-Asn: for BOC—
GlyMe-C16, A. and A, are 39%, respectively 33%
smaller than on water, whereas for BOC-Gly—C18, by
only 3%, respectively 4%. Interestingly, by adding
copper ions to the L-Asn subphase, the molecular areas of
the BOC-GlyMe—-C16 monolayers decrease somewhat
less as compared to the values on pure water. However,
in the case of BOC-Gly—C18, A, decreases slightly more
on L-Asn + CuAc; than on the pure L-Asn subphase,
while A, practically does not change.

3.2 N-hexadecanoyl amino acids

The isotherms and the derived compression modulus
curves of the N-hexadecanoyl amino acid L films on pure
water subphase are presented in figure 4. Figure 5 shows
the determined 71, collapse pressures (A), A, (B) and 4,
(C) molecular areas and the difference of these (D). In
figure 6, the position of the amphiphiles in a I1.—A,
coordinate system is presented.
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Fig. 4. Typical IT-A isotherms (A) and the corresponding C; -
I curves (B) of the Ala (1), Ser (2), Glu (3) and Phe (4) C16-
amino acids.

The L films of the Ala and Ser derivatives exhibit
almost identical molecular areas and collapse pressures,
most likely due to the similarities in the molecular
structures. The molecular areas of the Glu derivative L
film are larger, with lower collapse pressure. The largest
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molecular area and the lowest collapse pressure were
found in the case of the Phe derivative.
These results show strong correlation with the size of
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Fig. 5. II.. collapse pressures (A), A, molecular areas at collapse
(B), Ay molecular areas extrapolated to zero surface pressure
(C) and the difference of the latter two (D) of the C16-amino
acid derivatives L films.

the base amino acid (Ala = Ser < Glu < Phe): with
increasing amino acid size, the packing density of the L
films is decreasing. Therefore it is expected that the most
suitable compounds for densely packed, well ordered LB
layer preparation, in about equal extent, are the C16-N—
Ala and C16-N-Ser, due to the relatively small size of
the amino acid part, and additionally, in the case of C16—
N-Ser, the hydrophilicity of the OH group. Contrarily,
the large and hydrophobic phenyl group of C16—N-Phe
prevents molecules from tight packing, and its
hydrophobicity does not favour an interaction with the
water subphase.
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Fig. 6. The place of the Ala (1), Ser (2), Glu (3) and Phe (4)
Cl6-amino acid derivative L films in a II.—A. coordinate
system.

4 Conclusions

The presence or absence of a methyl ester group in the
structure of the two a-alkyl amino acid derivative
amphiphiles causes significant differences in the
organization of the monolayers at the subphase/air
interface. Cu?" ions in the water subphase have a close-
packing effect on the monolayers of a-alkyl amino acids.
Different chiral amino acids in the subphase are

interacting with the film-forming a-alkyl amino acid
molecules at the interface. The extent of this interaction
depends on the interacting partners and needs further
investigation. By selecting the adequate subphase, well
ordered, closely packed LB layers can be prepared. The
properties of the L films of N-hexadecanoyl amino acids
correlate with the size of the base amino acids. These
results serve as good starting point for further
investigations to clarify the role of the subphase and the
strength of interaction between the L film and the
compounds in the subphase, as well as the effect of
temperature and pH. As the amino acids play important
roles in transmembrane protein channels, we hope these
answers would bring us closer to the development of new
biosensing mechanisms.
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