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In this work, a study of the interfacial properties of redox-active novel ferrocene- and 1,4-naphtho-
quinone-based compounds containing an alkenyl chain is presented. The miscibility of these com-
pounds with 1-monooleoylglycerol (monoolein, MO), a well-known and much studied substance
because of its rich polymorphism in water, at the air/water interfaces was investigated by using the
Langmuir surface film balance to get a better understanding of the interaction between MO and the
new derivatives. The influence of temperature on the monolayer structure was also studied. It has
been demonstrated that the monolayers of all compounds have a liquid-expanded structure, and that
the mixed films are more stable compared to the layers of the individual compounds.
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Introduction

The spreading of amphiphilic molecules with poor
water solubility at the air/aqueous interface, and the
question whether particular amphiphiles form sta-
ble monomolecular films or not have been investi-
gated since the days of Franklin [1] and Pockels [2].
Monolayers have a wide range of applications in-
cluding optical devices, biological sensors and mod-
els for biological membranes [3]. These 2D-systems
are also extensively used to monitor enzymatic reac-
tions at interfaces, e. g. enzyme-catalyzed lipolytic pro-
cesses [4]. For this purpose, the properties of layers
formed by spreading of a very wide variety of sub-
stances, like triglycerides and their derivatives, vita-
mins, sterols, redox-active ferrocene derivatives, por-
phyrins and polymers, not to mention fatty acids and
phospholipids and sphingomyelins, at the air/water
interface have been investigated [1, 5 – 11]. The in-
teraction between DNA and cationic lipid monolay-
ers at the air/water interface has also been widely
investigated [12, 13]. The development of new tech-
niques, such as X-ray diffraction measurements [14],
ellipsometric microscopy [15], and, more recently,
Brewster angle microscopy (BAM) [16] and atomic
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force microscopy (AFM) [17, 18], grazing-incidence
X-ray diffraction (GIXD) and X-ray specular reflec-
tivity [19, 20], and fluorescence microscopy [5, 21, 22]
has made it possible to determine the micro- and
nanoscopic organization of amphiphilic substances in
the monolayer. In many cases, the surface film bal-
ance can also give sufficient information on whether
or not a compound forms a stable monolayer, on the
area per molecule, the miscibility of the amphiphiles
in the monolayer as well as the monolayer phase
behavior.

In general terms, our prime research interest is in the
development of lipid-based aqueous liquid-crystalline
phases as matrices for enzyme immobilization [23]. In
the special case where the entrapped enzyme belongs
to the oxidoreductase class, the incorporation of redox-
active amphiphiles into the lipid-based matrix might
promote the electron transfer between the enzyme’s ac-
tive center and the matrix [24, 25]. On the other hand,
it should also be mentioned that in nature certain en-
zymes, e. g. the enzymes of the respiratory chain, are
only active in the presence of membrane-bound redox
cofactors like ubiquinone.

The purpose of providing the synthetic redox-active
compounds as lipid matrix components is to get a han-



1094 D. Tauraitė et al. · Interfacial Behavior of Ferrocene- and 1,4-Naphthoquinone-based Compounds

Fig. 1. Structures of ferrocene and 1,4-naphthoquinone com-
pounds and monoolein (MO).

dle on how miscible a particular type of derivatives is
with the lipids in the matrix. Based on these findings,
transducer molecules that preserve a certain polymor-
phic lipid structure can be designed.

In this work, the results of a study of the interfacial
properties of some novel ferrocene and 1,4-naphtho-
quinone derivatives (Fig. 1) at the air/water interface
are presented. The miscibility of these compounds
with 1-monooleoylglycerol (monoolein, MO), which
exhibits rich polymorphism in water [26], at the inter-
face was investigated by using the surface film balance
to get a better understanding of the interaction between
MO and the new derivatives.

An interesting application of these types of redox-
active compounds, which also show marked absorp-
tion bands in the vibrational spectra, has been demon-
strated by Niaura et al. [27]. The authors used infrared-
visible sum-frequency-generation (SFG) vibrational
spectroscopy to probe the activity of Thermomyces
lanuginosus lipase at the air/water interface. As a self-
assembling substrate, the authors used the ester com-
pound O-palmitoyl-2,3-dicyanohydroquinone, which
has structural similarities with the QE compound used
in the present study (see Fig. 1).

Experimental Section
Materials

Monoolein [1-mono(cis-9-octadecenoyl) glycerol, MO],
> 99 % pure, lot nr. M-239-JA21-I, was obtained from Nu
Chek Prep Inc. (Elysian, MN).

Ferrocene derivatives: ferrocenylmethyl (Z)-octadec-9-
enoate (FeE), ((Z)-octadec-9-enoyl)ferrocene (FeCO) and
((Z)-octadec-9-enyl)ferrocene (FeR) (for structures, see
Fig. 1) were synthesized as described previously [28].

Synthetic procedures

2-((Z)-heptadec-8-enyl)-3-methyl 1,4-naphthoquinone
(QMe) and 2-((Z)-heptadec-8-eny)-3-hydroxy-1,4-
naphthoquinone (QOH)

To 2-methyl-1,4-naphthoquinone (1 g, 5.8 mmol) or 2-
hydroxy-1,4-naphthoquinone (1 g, 5.7 mmol) in 40 mL of
acetonitrile or acetonitrile and water (1/1 volume ratio), re-
spectively, oleic acid (1.4 g, 5.0 mmol) and silver nitrate
(0.5 g, 3.0 mmol) were added and heated to 60 ◦C until
complete dissolution. To this mixture, a solution of ammo-
nium persulfate (2.28 g, 10.0 mmol) in 15 mL of water was
added while stirring. After heating the mixture at 60 – 65 ◦C
for 50 min, the mixture was cooled, and the product was ex-
tracted with chloroform. After washing with saturated aque-
ous solutions of sodium bicarbonate and sodium chloride and
several times with water, the product was purified by col-
umn chromatography (silica gel, eluent chloroform/hexane)
yield 0.95 g or 0.5 g (25 – 47 %), respectively.

QMe: 1H NMR (500 MHz, CDCl3): δ = 0.87 (t, 3 H,
CH3), 1.28 – 2.62 (m, 28 H, CH2), 2.18 (s, 3 H, CH3), 5.34 (t,
2 H, CH=), 7.72 – 8.00 (dd, 4 H, C6H4). – C28H40O2: calcd.
C 82.30, H 9.87; found C 82.02, H 9.41.

QOH: 1H NMR (500 MHz, CDCl3): δ = 0.86 (t 3 H,
CH3), 1.25 – 2.59 (m, 28 H, CH2), 5.33 (t, 2 H, CH=), 7.75 –
8.06 (dd, 4 H, C6H4). – C27H38O3: calcd. C 78.98, H 9.33;
found C 78.68, H 9.78.

((Z)-Octadec-9-enyl) 1,4-naphthoquinone-2-carboxylate
(QE)

To a solution of 2-hydroxy-1,4-naphthoquinone (2 g,
11.4 mmol) in a mixture of acetonitrile and methylene chlo-
ride (80 mL, 1/1 volume ratio) containing 0.8 g (10.0 mmol)
of sodium carbonate, oleoyl chloride (3.3 mL, 10.0 mmol)
was added. After stirring for 2 h at r. t. the solvents were
evaporated. The residue was dissolved in chloroform, washed
with water and purified by column chromatography (sil-
ica gel, eluent chloroform/hexane), yield 0.5 g (23 %). –
1H NMR (500 MHz, CDCl3): δ = 0.88 (t, 3 H, CH3), 1.28 –
2.65 (m, 28 H, CH2), 5.35 (t, 2 H, CH=), 6.74 (t, 1 H, CH=),
7.81 – 8.06 (dd, 4 H, C6H4). – C28H38O4: calcd. C 76.68,
H 8.73; found C 76.77, H 8.65.

Methods

The 1H NMR spectra were recorded at 300 MHz on a
Varian Unity Inova 300 spectrometer in CDCl3. The NMR
chemical shifts are expressed in δ (ppm) relative to hexa-
methyldisiloxane as internal standard. The purity of the syn-
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thesized compounds was proved by GC-MS, spectroscopic
methods and elemental analysis.

The monolayer structural characteristics were studied by
measuring the π-A (surface pressure vs. area per molecule)
isotherms using a surface film balance type 611 from
Nima Technology (Coventry, England). The surface film
was formed by spreading 1,4-naphthoquinone- and ferro-
cene-based compounds, and their mixtures with monoolein
as solutions using hexane as a spreading solvent. Analyti-
cal grade hexane was used without further purification. The
water used as sub-phase was ion-exchanged, distilled, and
passed through a milli-Q water purification system (Bedford,
MA). The compression rate is critical when the monolayer
is not stable. In this work, the isotherms were recorded at a
compression speed of 60 cm2 min−1, although no effect of
compression speed in the range of 40 – 100 cm2 min−1 was
observed. Collapse of the MO monolayer was not observed
with a barrier speed of 20 cm2 min−1. The film balance was
calibrated before each measurement. The air/water interface
was cleaned by sweeping the interface with the Teflon bar-
rier and aspirating the surface to remove any contamination
from the compressed film. This was repeated until the value
of the surface pressure was the same as the literature value for
pure water, and the surface pressure increase upon maximum
compression was less than 0.1 mN m−1. For the spreading of
the mixtures, the components were dissolved individually in
the spreading solvent and then premixed in the required ratio.
Aliquots of 60 – 70 µL solutions were spread at the air/water
solution interface at 20 ◦C using a microsyringe. Compres-
sion was started after a film equilibration time of 10 min. The
experiments were repeated at least twice confirming good re-
producibility of the data obtained.

Results and Discussion
Generally, the π-A (surface pressure vs. area

per molecule) isotherm features the transition from
gaseous to liquid (expanded and condensed) and then
to solid 2D-phases with increasing pressure [29], de-
pending on the particular amphiphile, sub-phase and
temperature [30]. The phase transitions of monolayers
formed from mixtures of amphiphiles can be obscured
by non-ideal mixing and lateral phase separation lead-
ing to the formation of separate domains [31]. Another
factor that might complicate the interpretation of the π-
A isotherm is the instability of the formed monolayer.
This makes the π-A isotherm dependent on the com-
pression speed, in that the observed area per molecule
is significantly less than expected from the molecular
dimensions and usually decreases with the compres-
sion speed. It is important to bear in mind that, even
though the amphiphile that makes up the monolayer
has very low solubility, the monolayer formed at the

air/aqueous interface can be meta-stable. Apart from
processes such as rearrangement of the amphiphiles or
dissolution into the sub-phase, a transformation to a
three-dimensional phase can occur at pressures above
the equilibrium spreading pressure [32, 33]. Further-
more, the stability of the monolayers is very much
dependent on the solvent and the techniques used for
spreading the lipid [34], and also on the conformation
of the head group of the lipid [35].

In this work, the π-A isotherm for spread monoolein
(MO) was initially investigated at different compres-
sion rates in order to establish under which conditions
the monolayer is stable enough to record the isotherm.
At compression rates below 40 cm2/min, the isotherms
were shifted towards a smaller area per molecule, and
the collapse of the MO monolayer could not be ob-
served at a barrier speed of 20 cm2/min. Therefore, it
is clear that the MO monolayers are meta-stable, as
has been reported earlier [36, 37]. Such behavior can
be related to the fact that MO, in an excess of wa-
ter, forms 3D-structures with reversed curvature, i. e.
the bicontinuous cubic phase [26]. In fact, studies of
the relaxation of MO monolayers close to the collapse
at π of about 46 mN/m indicate that the process could
be considered to occur prior to the formation of me-
somorphic phases close to the interface [37]. In addi-
tion, the desorption of MO, which is believed to be the
dominating factor for the relaxation below the equilib-
rium spreading pressure (πe ≈ 46 mN m−1 [38]), also
contributes to the relaxation process at this high pres-
sure. It has also been reported that the MO monolayer
shows weak X-ray diffraction, even at high surface
pressures (π = 35 mN m−1), confirming a low degree
of organization within the layer [39]. The lack of a de-
fined structure within the MO monolayer has also been
observed by BAM studies [40]. The interfacial layer
of MO is also thin, ca. 13 Å, where the thickness of
the acyl chain region is about 9.3 Å [39]. However, it
should be noted that we did not observe any effect of
compression speed on the π-A isotherms in the range
of 40 – 100 cm2 min−1. Therefore, the isotherms in the
present study were recorded at a compression speed
of 60 cm2/min.

π-A Isotherms for the pure ferrocene- and
1,4-naphthoquinone-based compounds

The π-A isotherms for the ferrocene and 1,4-
naphthoquinone derivatives of Fig. 1 are shown in
Figs. 2 and 3, respectively.
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Fig. 2. Surface pressure-area isotherms for spread films
of monoolein (MO) and the ferrocene derivatives ((Z)-
octadec-9-enoyl)ferrocene (FeCO) and ((Z)-octadec-9-
enyl)ferrocene (FeR) at the air/water interface at 20 ◦C.

Fig. 3. Surface pressure-area isotherms for spread films of
monoolein (MO) and the 1,4-naphthoquinone derivatives 2-
((Z)-heptadec-8-enyl)-3-methyl 1,4-naphthoquinone (QMe),
2-((Z)-heptadec-8-enyl)-3-hydroxy-1,4-naphthoquinone
(QOH), and ((Z)-octadec-9-enyl) 1,4-naphthoquinone-2-
carboxylate (QE) at the air/water interface at 20 ◦C.

For comparison, the π-A isotherm recorded for MO
is also shown. The isotherm for MO corresponds well
to the previously published isotherms [36, 40] and
shows only a liquid expanded structure. We observed
a collapse pressure of about 47 mN m−1, which is
slightly higher than reported earlier [36, 40]. The π-
A isotherms for all the other compounds are shifted
towards smaller areas per molecule compared to the

isotherm recorded for MO. This apparent smaller area
per molecule for ferrocene and 1,4-naphthoquinone
derivatives, compared with pure MO, can be due to
more efficient packing at the interface, possibly caused
by stronger interaction between the ferrocene and
naphthoquinone head groups. However, poor spread-
ability of the compounds and/or poor stability of the
formed monolayers can also cause smaller A values,
which is also indicated by the much lower collapse
pressure for the derivatives. Based on the molecu-
lar structure, one would also expect that the studied
derivatives might be less surface active compared to
MO. In particular, the ferrocenes seemed to be harder
to spread than the 1,4-naphthoquinone-based com-
pounds. One of the ferrocene compounds, ferrocenyl-
methyl (Z)-octadec-9-enoate (FeE), was impossible to
spread quantitatively. No increase in surface pressure
was observed upon compression, even after very long
equilibrium times (hours) after spreading.

The ((Z)-octadec-9-enyl)ferrocene (FeR) appeared
also more difficult to spread than the other compounds
studied. Long equilibration times (about 1 h) were
needed after spreading before a reproducible isotherm
could be recorded. When a shorter equilibration time
was applied, the compression isotherm recorded after a
compression-expansion cycle was shifted to an appar-
ently larger A. This suggests that the spreading from
hexane resulted in a formation of aggregates, which,
given enough time, were dissolved into a more or less
homogeneous monolayer. Consequently, allowing for
1 h equilibration time after spreading, gave identical
π-A isotherms after each compression-expansion cy-
cle. The area per molecule recorded at collapse is the
smallest of all derivatives confirming the strong inter-
molecular interactions. It is likely that aggregates of
FeR still remain at the surface, hence the unexpectedly
low surface area. FeR is also likely to be the most hy-
drophobic of the ferrocene compounds.

The collapse pressure decreases in the order
MO > FeR > FeCO. It should be noted that the ob-
served plateau for FeCO can also be interpreted as
a phase transition and not a collapse, as will be dis-
cussed further below. The areas per molecule for the
1,4-naphthoquinone derivatives QMe and QOH were
the same, while for QE the parameter was shifted to a
lower value. This is not surprising as QMe and QOH
have quite similar structures. However, QOH is ex-
pected to be more amphiphilic as it has an –OH group
instead of the methyl group in QMe. This shows up as a
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higher collapse pressure for the former compound. For
the 1,4-naphthoquinone-based derivatives, the param-
eter decreases in the order MO > QOH > QE > QMe.

The effect of temperature on the monolayer structure

To further investigate the properties of the spread
monolayer, the π-A isotherms for some of the deriva-
tives were recorded at different temperatures in the
range of 15 – 30 ◦C. The effect of temperature on
the π-A isotherms of monoglyceride (monostearin,
MO, monopalmitin) monolayers is well-documented
in the literature [41 – 43]. Monostearin presents a rich
structural polymorphism – solid, liquid-condensed or
liquid-expanded structures are possible depending on
the temperature and on the molecular area [41]. The
π-A isotherm of MO is more featureless and shows
that the layer is liquid-expanded independent of the
temperature in the range of 10 – 40 ◦C [36, 42]. The
isotherms are shifted towards larger areas per molecule
with increasing temperature [36, 43], while the col-
lapse pressure decreases slightly with increasing tem-
perature [42]. An expansion of the monolayer with in-
creasing temperature could be explained as an effect of
the increased mobility of the acyl chains of MO.

The π-A isotherms for the 1,4-naphthoquinone
derivatives (data not shown) were shifted towards
smaller A values with increasing temperature. Such a
decrease in area per molecule with temperature could
be attributed to loss (desorption) of the spread sub-

Fig. 4. Surface pressure-area isotherms for spread films of
((Z)-octadec-9-enoyl)ferrocene (FeCO) at the air/water inter-
face at different temperatures between 15 and 30 ◦C.

Fig. 5. Surface pressure-area isotherms for spread films of
((Z)-octadec-9-enyl)ferrocene (FeR) at the air/water inter-
face at different temperatures between 15 and 30 ◦C.

stance to the sub-phase due to an increase of solubil-
ity with temperature [37]. The collapse pressure, how-
ever, did not change with temperature. The effect of the
temperature on the π-A isotherms was generally higher
for the ferrocene derivatives compared to the naphtho-
quinones (Figs. 4 and 5).

In particular for the FeCO derivative, there is a dras-
tic change in the isotherm between 20 and 25 ◦C. At 25
and 30 ◦C, the isotherm looks like the one for a mono-
layer in a liquid-expanded state. The π-A isotherm
at 20 ◦C features a plateau, which can be interpreted
as a collapse or a transition from a liquid-expanded to
a liquid-condensed phase. Since the plateau disappears
with increasing temperature, the phenomenon is most
likely due to a phase transition. Thus, π-A isotherms
of FeCO at different temperatures bear a resemblance
to those recorded for, e. g., monopalmitin, where the
liquid-expanded – liquid-condensed phase transition
disappears at high temperature [42].

The liquid-expanded liquid-condensed phase transi-
tion seems to occur at higher pressure, when the tem-
perature is decreased from 20 to 15 ◦C (Fig. 4). The
area per molecule of FeCO is decreasing with temper-
ature as expected. This implies more crystalline chains
and possibly a slightly different orientation of the am-
phiphile at the interface. It is possible that such a differ-
ent orientation can affect the pressure at which a phase
transition occurs. The area per FeR molecule seems to
decrease with increasing temperature (Fig. 5), which
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can be explained by an increasing loss of material to
the sub-phase. Furthermore, this compound was hard
to spread quantitatively as discussed above.

π-A Isotherms for mixtures with monoolein

The miscibility of the synthesized derivatives
with MO at the air/water interface was investi-
gated by recording the π-A isotherms for the MO-
naphthoquinone and MO-ferrocene mixed monolayers
over a wide range of MO mole fractions. An exam-
ple of the results obtained for the 1,4-naphthoquinone-
based compounds is shown in Fig. 6, where some
of π-A isotherms are obtained for mixed QE and
MO monolayers at different molar ratios of MO
(xMO). The isotherms for mixtures of the other 1,4-
naphthoquinone compounds look quite similar to the
ones presented in Fig. 6.

As with pure compounds, the dominant structure in
the mixed films is liquid-expanded, and the collapse
pressure does not depend on the monolayer composi-
tion at xMO > 0.9. However, the collapse pressure de-
creases as the content of MO in the mixture decreases
below this value. Moreover, the monolayer condenses
when the MO content in the mixed film decreases.
There is a marked plateau corresponding to the tran-
sition between liquid-expanded and liquid-condensed
structures in mixed films at xMO < 0.73.

Fig. 6. Surface pressure-area isotherms for spread
films of monoolein (MO) and ((Z)-octadec-9-enyl)
1,4-naphthoquinone-2-carboxylate (QE) mixtures for differ-
ent MO molar fractions (xMO) at the air/water interface at
20 ◦C.

Fig. 7. Surface pressure-area isotherms for spread films of
monoolein (MO) and ferrocenylmethyl (Z)-octadec-9-enoate
(FeE) mixtures for different MO molar fractions (xMO) at the
air/water interface at 20 ◦C.

As discussed above, no π-A isotherm for the pure
FeE compound could be recorded, as the substance
could not be spread quantitatively at the air/water in-
terface. However, when FeE was mixed into the MO
monolayer, isotherms could be obtained. At a low mo-
lar fraction of FeE in the mixed monolayer, the π-A
isotherm is actually slightly shifted to higher areas than
the corresponding isotherms of MO. From this we can
conclude that FeE can be stabilized at the air/water in-
terface by mixing it into the MO monolayer. The shift
of the isotherm towards larger area per molecule that
occurs when FeE is included in the MO monolayer in-
dicates that the compound is oriented more parallel to
the air/water interface. This can also explain the poor
spreadability of FeE. The MO monolayer can solubi-
lize up to 76 mol-% of FeE. The collapse pressure
observed for the mixed FeE/MO films was similar to
that recorded for pure MO, and was practically con-
stant over the studied xMO range, that is, at least for
xMO > 0.24 (Fig. 7). However, for mixed monolayers
with all the other derivatives, the collapse pressure de-
creases with xMO. This is in line with the data reported
by Sanchez et al. [41], where the collapse pressure
also was found to be independent of the composition
of MO-monostearin mixed monolayers.

For the process of mixing, the excess area Aexc
of mixing can be evaluated directly from the π-A
isotherms, Aexc = A − (x1A1 + x2A2), where xi and
Ai are the molar fraction in the mixed monolayer and
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Fig. 8. Surface area excess, Aexc, at π = 10 mN m−1 for the
mixtures of monoolein with the synthesized derivatives ver-
sus the molar fraction of monoolein at 20 ◦C.

the molecular area of each component, respectively.
For ideal mixing, Aexc = 0. The same results are ob-
tained if the lipids are completely immiscible, thus
forming separated domains [44]. If one of the com-
ponents, say component 2, forms an unstable mono-
layer, then the value of A2 obtained from the isotherm
of the pure substance is underestimated. The excess
area in this case, therefore, will be positive, even if
the substances form an ideal mixture or if they sepa-
rate in immiscible domains. From the results and dis-
cussion given above we find it likely that all our new
derivatives give an apparently larger area when mixed
with MO. This makes thorough thermodynamic anal-
ysis difficult. Therefore, we have plotted only the cal-
culated Aexc values as such and will discuss these data
qualitatively.

The calculated values of Aexc for mixed films of MO
and the derivatives synthesized are shown versus mo-
lar fraction of MO in Fig. 8. The data are taken at a
surface pressure π = 10 mN m−1. For all the deriva-
tives, mixing with MO leads to a positive value of Aexc.
Thus, we conclude that they do not exhibit ideal so-
lution behavior. The positive value suggests a stabi-
lization of the derivatives as they are mixed into the
MO film. When comparing the data for the different
derivatives, we note that they are quite similar, but with
the exception of QMe. For this compound, the excess

area is almost constant at all concentrations and sig-
nificantly lower than for the other compounds. That is
to say that this compound exhibits better solubility in
the MO monolayer. For all derivatives, Aexc increases
with decreasing xMO, while at xMO close to 0.5, Aexc
is fairly independent of xMO. We can conclude that the
mixed film is more stable than the monolayers of the
individual derivatives.

Conclusion

The two-dimensional self-assembly of the novel
synthesized ferrocene- and 1,4-naphthoquinone-based
compounds and their mixtures with monoolein at the
air/water interface was studied using the Langmuir film
balance technique.

It was found that the head group as well as the po-
sitioning of the alkyl chain with respect to the head
group can strongly affect the π-A isotherm at the
air/water interface. Naturally, the type of alkyl chain
will also affect the interfacial properties, e. g. the col-
lapse pressure. This is in accordance with the re-
ported data for vitamins K1 (phylloquinone) and K2
(menaquinone 4) monolayers [45], where the authors
found that the collapse pressure for vitamin K2 is lower
because of the double-bonds in the alkyl chain. Fur-
thermore, Deschenaux et al. found that ferrocene com-
pounds with two alkyl chains gave more stable mono-
layers than the corresponding compounds with a single
chain [46].

The π-A isotherms for the 1,4-naphthoquinone
derivatives move towards a smaller area per molecule
with increasing temperature. Such a decrease in area
per molecule with temperature can be attributed to a
loss (desorption) of the spread substance to the sub-
phase due to an increase of its solubility with temper-
ature. The area per molecule for the ferrocene-based
compound FeR seems to decrease with increasing tem-
perature, which also can be explained by an increasing
loss of material to the sub-phase. In addition, the mixed
films of the synthesized compounds with monoolein
are more stable than the monolayers of the individual
ferrocene- and naphthoquinone-based derivatives.
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