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Adsorption behaviour of pyrene was studied at different model in-
terfaces (air/water, air/lipid monolayer, mercury electrode/solution
interface and lipid coated electrodes), with the aim to evaluate the
most relevant processes influencing the distribution and effects of
highly hydrophobic and slightly water soluble organic contami-
nants in natural aquatic systems. Studies have been performed by
absorption, reflection and fluorescence spectroscopy, surface pres-
sure and surface potential measurements and electrochemical
methods. It was found that pyrene molecules incorporate into the
hydrophobic core of lipid monolayers, thus influencing the charge
and mass transfer through monolayers.

INTRODUCTION

Pyrene and other polycyclic aromatic hydrocarbons (PAH-s) belong to the
group of priority pollutants from the list of the Environmental Protection
Agency! as some of the ubiquitous and highly dangereous organic pollutants
entering natural aquatic systems due to the anthropogenic influence.

Although these compounds are poorly soluble in aqueous solutions, their
accumulation at natural phase boundaries can be expected due to their

* Dedicated to Marko Branica on the occasion of his 5% birthday.
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highly hydrophobic nature.? Hydrophobicity of aromatic compounds in-
creases with the number of benzene rings, from log K, = 2.13 for benzene,
log K, = 3.30 for naphtalene and log K, = 4.45 for anthracene? to log K, =
= 5.18 for pyrene.*

As recently emphasized by Valsaraj,® experimental data on air-water in-
terfacial adsorption of a large number of environmentally significant hydro-
phobic compounds, such as halogenated pesticides, polyhalogenated biphenyls,
polycyclic aromatic hydrocarbons, etc. are still lacking.

Investigations of the equilibrium and kinetic parameters of relevant in-
terfacial processes can be performed on real interfaces although model in-
terfaces are very often more practical and convenient. We used two model
interfaces, viz. the air/water and mercury electrode/solution interface. Al-
though both interfaces are hydrophobic in their nature and show similar ad-
sorption effects for many organic substances, especially aliphatic com-
pounds, differences were observed in the case of aromatic compounds which
were attributed to the n-electron interactions of the aromatic ring with mer-
cury® resulting in stronger adsorption of the latter at the mercury/water in-
terface than at the air/water interface. Our previously reported results’ on
adsorption behaviour of para-nitrophenol at air/water and mercury elec-
trode/water interface are in good agreement with this scheme. Stronger ad-
sorption of aromatic compounds at the mercury surface, as compared to
their adsorption at the air/water interface, can be due to the preferably flat
orientation of the molecules at the mercury surface. However, Gerovich®?
showed that the adsorbability of aromatic compounds at the mercury solu-
tion interface increases with the increasing number of benzene rings in the
organic molecule, suggesting that the increased adsorption is due to the
structural characteristics of the benzene ring.

Monolayer techniques used for the study at the air/water interface pro-
vide methods for organizing appropriate molecules in a planned way and
studying interactions at the interface under controlled conditions.1® They
also enable transferring of the film from the air/water interface to the mer-
cury surface.!’~13 Lipid coated electrodes have interesting practical applica-
tions. Interactions of the lipids with various species in the bulk solution can
be monitored electrochemically, and ion and charge transfer across the film,
as well as the interactions in the film, can be detected. Lipid coated elec-
trode also represents a very sophisticated system for the study of the struc-
ture and functioning of biological membranes.

This paper reports on adsorption studies of pyrene at two model hydro-
phobic interfaces, namely. at an air/solution interface and a mercury elec-
trode/solution interface. Investigations have been performed by monolayer
studies, spectroscopic techniques (absorption, reflection and fluorescence
spectroscopy) and electrochemical methods.



PYRENE ADSORPTION 127

EXPERIMENTAL

Monolayer Studies at Air/Water Interface

Surface pressure and surface potential were measured in a rectangular Teflon
trough of inner dimensions 56 x 18 cm? and 1 cm deep, which was'enclosed in a tight
box and thermostated. A Wilhelmy balance (20 mm wide filter paper) was used to
measure the surface pressure, and surface potential was measured using a vibrating
plate condensor. Monolayers were compressed with a movable Teflon barrier of com-
pression velocity between 0.06 and 0.08 nm2/min/molecule.

Reflection spectroscopic measurements were performed using a reflection spec-
trometer for measurement under normal light incidence.l4 The reflection was meas-
ured and expressed as the difference AR between the reflectivity from the surface
covered with a monolayer and from the clean water surface. Reflection was meas-
ured at the maximum of the reflection spectrum, i.e. at 346 nm.

Fluorescence measurements were made by using a Perkin-Elmer Luminiscence
spectrometer LS-5 with xenon lamp meodified for in situ measurements at the air/
water interface, in combination with a rectangular Teflon trough.l® The monolayer
was excited (using an optical fiber bundle) at an angle of 37° with respect to the
air/water interface and the emission light was collected by a fiber bundle located per-
pendicularly above the illuminated monolayer (distance ca. 5 mm). The monolayers
were excited at 350 nm and the emission was collected in the range from 350 to
550 nm. The spectra have been normalized with respect to the chromophor density.

Electrochemical Measurements

Electrochemical studies were performed using the phase sensitive alternating
current voltammetry.1® The adsorption of pyrene from saturated solution onto the
mercury surface was determined on the basis of capacitance measurements (out of
phase signal) with prior accumulation at the potential of —0.4 V vs. Ag/AgCl during
15, 30, 60, 120 and 300 s. The influence of the adsorbed pyrene layer on the cathodic
and anodic processes of cadmium was followed by measuring Faradaic current (in
phase measurements) after accumulation at the potentials of —0.4 and —0.8 V uvs.
Ag/AgCl during 15, 30, 60, 120 and 300 s, respectively.

Lipid films were prepared by spreading from pentane solutions onto the electro-
lyte solution, and then transferred to the mercury surface by vertical dipping of the
electrode. Afterwards, films were studied by a.c. voltammetry.

Measurements were performed with a Polarecorder E-506 (Metrohm, Switzer-
land). A standard polarographic Metrohm cell of 100 cm3, equipped with a three elec-
trode system was used. A hanging mercury drop electrode (HMDE, Metrohm, Swit-
zerland) of surface area A = 0.022 cm? was used as the working electrode, Ag/AgCl
was used as the reference electrode and a platinum wire as the auxiliary electrode.

Pure nitrogen was used for deaeration of the solutions. All measurements were
made in 0.55 mol dm~3 NaCl as the supporting electrolyte.

Chemicals
Pyrene, p.a. grade was purchased from Fluka Chemie AG., Switzerland.

Dimyristoylphosphatidylcholine (DMPC) and dipalmitoylphosphatidylcholine
(DPPC) were from Larodan Chemicals.
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Egg lecithin was purchased from Sigma.

Dioctadecyldimethylammonium bromide (DOMA) was from Kodak, Rochester,
USA.

Sodium pyrene-3-sulphonate (NaPyS) was obtained from Molecular Probes.

Sodium chloride from Kemika, Zagreb, used as supporting electrolyte in electro-
chemical experiments, was heated for several hours at 723 K to eliminate traces of
organic matter. A saturated solution of NaCl was additionally purified with charcoal.

Chloroform (HPLC) from Baker Chemicals and n-pentane, p.a. grade, from Ke-
mika, Zagreb, were used as spreading solvents.

Deionised water from a Milli-Q system (Millipore) was used for preparing the
subphase and all solutions.

RESULTS AND DISCUSSION

Air/Water Interface

Surface pressure measurements of saturated water pyrene solutions at a
constant area showed that pyrene does not accumulate on free water surfaces
in a time period of two hours. Surface pressure increased only by 3.5 mN/m,
indicating almost none, or better to say negligible adsorption.

Assuming that pyrene molecules would adsorb better on lipid monolay-
ers due to hydrophobic interactions, we have studied their adsorption on
monolayers of DOMA and DPPC by measuring reflection kinetics during two
hours after spreading and compression to 30 mN/m. Surface pressure was
monitored simultaneously. The monolayers were spread on a pyrene satu-
rated water subphase. The results are presented in Figure 1. No visible ad-
sorption to DOMA and to DPPC monolayers can be seen from reflection
measurements. Since only the chromophores present at the interface contri-
bute to the reflection signal without influence of chromophores from the so-
lution, the lack of the reflection signal could be explained by the lack of py-
rene adsorption to the lipid monolayers. However, some other aspects of this
problem arise. Concentration of saturated solution of pyrene was very low,
i.e. 4x 1077 mol/dm3, as calculated from the absorption values of absorption
spectra. This value is in good agreement with literature data.l” Pyrene so-
lution was placed in a shallow trough (1 cm deep) and no mixing of the so-
lution could have been performed. Due to high hydrophobicity of pyrene
molecule, the adsorption of pyrene on hydrophobic interfaces, like air/solu-
tion and lipid monolayers/solution interfaces, can be expected. The main
reason why we did not observe adsorption from the bulk solution must have
been the extremely low concentration and slow kinetics. In a much longer
period of measurements, adsorption of pyrene should be noticed at these
model interfaces. In order to avoid long time measurements, we prepared
mixed monolayers using cospreading techniques, i.e. by spreading the mixed
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Figure 1. Surface pressure and reflection at 346 nm versus time of DOMA (curve 1)
and DPPC (curve 2) monolayers spread on saturated solution of pyrene.

solutions of anchor lipid and pyrene on water surface. The surface pressure-
molecular area (n-A) isotherms for DMPC monolayers and complex pyrene/
DMPC monolayers, molar ratio 1:1, on pure water (pH = 5.6) are presented
in Figure 2. DMPC spread on water (curve 1) exhibited the characteristics of
liquid expanded film with phase transition at areas between 0.53 and 0.45 nm?2.
When pyrene is mixed with DMPC and spread on the water surface, expan-
sion of mixed monolayer is observed in the whole area range compared to
pure DMPC. Small phase transition disappeared, as well. Pyrene also influ-
ences charged monolayers of dioctadecyl-dimethyl-ammonium bromide and
dioctadecyl malonic acid by expanding the area and affecting the phase tran-
sition of monolayers (data not presented here). However, the most signifi-
cant effect was observed in mixed DMPC/pyrene monolayers.

Increase in molecular area is usually attributed to the penetration or in-
corporation of molecules in to the monolayer. However, an expansion of the
area can be observed even if adsorbed molecules are located underneath the
monolayer, as shown recently in the studies of mixed monolayers of cyclic
bisbipyridinium tetracations (BBP**) and dimirystoylphosphatidic acid,!®
and sodium pyrene-3-sulphonate (NaPyS) and DOMA.! In both cases,
BBP** and PyS- were electrostatically bound to the polar head group of the
lipid monolayer without being incorporated into the hydrophobic part.

However, interaction of pyrene with lipid monolayers can only be of hy-
drophobic nature. The expansion of the area in 7-A isotherms for the mixed
pyrene DMPC monolayer, as well as the fact that the isotherm of mixed
layer did not reach the isotherm of the pure DMPC monolayer at high film
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pressures, shows clearly the incorporation of pyrene molecules into the
DMPC monolayer.

Assuming hydrophobic interactions of pyrene with hydrophobic core of
DMPC monolayers, we did not expect any change in surface potential. Val-
ues for surface potential AV at 30 mN/m for DMPC; DMPC/pyrene, molar
ratio 5:1; DMPC/pyrene, molar ratio 2:1 and DMPC/pyrene, molar ratio 1:1
are 450, 450, 420 and 420 mV, respectively, indicating that there is no elec-
trostatic binding at the interface. In the case of electrostatically bound
NaPyS to the monolayers of DOMA, the surface potential of DOMA is re-
duced froxsx)l 995 to 810 mV for cospread monolayers of PyS/DOMA, molar
ratio 1:1.1 ’ '

Fluorescence spectroscopy is very often used for the studies of interac-
tions of unsubstituted and substituted pyrene with different lipid monolay-
ers,?’ micelles?! and vesicles.?2 Pyrene has a relatively long excited-state
lifetime, high quantum yield of fluorescence, and the ability to form ex-
cimers. They are formed due to the ability of a ground state pyrene to diffuse
to an excited state pyrene during the excited state lifetime.2? The location
of pyrene chromophores at the interface and association processes are af-
fected by the hydrophobic moiety of the used lipids, subphase composition
and type of substituents on pyrene chromophore. Our recent fluorescence
spectroscopic measurements of complex DOMA/substituted pyrene (NaPyS)
monolayers showed an excimer emission that was dependent on monolayer
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Figure 2. Surface pressure-molecular area (7-A) isotherms of DMPC monolayer and
cospread pyrene/DMPC monolayer (molar ratio 1:1) on water.
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Figure 3. Fluorescence spectra of cospread pyrene/DOMA monolayers (molar ratio
1:1) at surface pressures of (1) 11 mN/m and (2) 26 mN/m on water.

The insert shows fluorescence spectra of cospread NaPyS/DOMA monolayers (molar
ratio 1:1) at different surface pressures on water.

density, NaPyS concentration and subphase composition.!® Surface pressure
and surface potential measurements, as well as reflection spectroscopy,
proved that pyrene chromophore was located under the head groups of lipid
monolayer, which probably ensured close contact of pyrene chromophores,
thus enabling excimer emission. In the case of incorporation of unsubsti-
tuted pyrene into the hydrophobic part of lipid monolayer, we can expect
that pyrene molecules are not close enough to form excimers. We have meas-
ured the fluorescence spectra of cospread monolayers of DOMA, DPPC and
DMPC with pyrene, and mainly observed monomer emission with a very
small excimer emission. The main monomer bands are: for DOMA/pyrene
monolayers at 375, 381 (weak), 392, 397 and 415 (weak) nm, for DPPC/py-
rene monolayers at 375, 385 (weak) 395 and 418 nm, and for DMPC/pyrene
at 376, 382 (weak) 390 and 395 nm. For all three monolayers, a very weak
excimer emission was observed at 475 nm. The fluorescence spectra for com-
plex DOMA/pyrene monolayer, in molar ratio 1:1, are presented in Figure
3. Fluorescence spectra for complex DOMA/NaPyS monolayer are given for
comparison in the insert of Figure 3. The spectra are normalized with re-
spect to the chromophor density. The difference between these systems is ob-
vious. In the case of electrostatic interaction of PyS~ with positive charge
on DOMA monolayer and location of pyrene under the monolayer, the con-
ditions for pyrene excimer emission are fulfilled. If pyrene is placed into the
lipid monolayer, the hydrophobic chains separate pyrene molecules and only



132 7. KOZARAC ET AL.

monomer emission can be observed in fluorescence spectroscopic measure-
ments. The fluorescence spectra of cospread monolayers of DMPC and py-
rene in molar ratio 1:1, are presented in Figure 4. The fluorescence intensity
decreases at higher surface pressures, which can be caused by the self-
quenching at high film pressures or by increasing dipol-dipol interactions in
the monolayer due to the higher order of the fluorophores at higher film
pressures. The fluorescence inensity at higher surface pressures could also
decrease in the case of squeezing the pyrene molecules out from the mono-
layer but this should be also seen in the surface pressure — area isotherms.
The same was observed for all three host molecules, namely for DOMA,
DPPC and DMPC. Our data are in good agreement with the results reported
by Wistus et al.,?’ about the incorporation of pyrene in the monolayers of
eicosanoic acid. They also found only monomer emission. Since they used the
host lipid in excess, they could not see excimer emission at all.

Mercury Surface

Adsorption of organic molecules on the mercury electrode is a process of
replacement of water dipoles by adsorbed organic hydrophobic or amphi-
philic substances, resulting in the electrode double layer capacity change.?*
In a.c. voltammetry, the decrease in capacity or capacity current is a meas-
ure of adsorption. Adsorption is also a dynamic process and the structure of
adsorbed layers changes with time and with the concentration of the solute.

In general, there is a distinct difference between aliphatic and aromatic
compounds.?5 The adsorption of aliphatic compounds mainly depends on the
chain length and the functional group, which determine the double-layer
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Figure 4. Fluorescence spectra of cospread pyrene/DMPC monolayers (molar ratio
1:1) at two different surface pressures at the air/water interface.
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thickness and orientation. For aromatic substances, on the other hand, re-
orientation processes become very important.?$%?” As shown for a number of
aromatic compounds in these papers, three borderline cases for the orienta-
tion of molecules have to be distinguished: the two perpendicular orienta-
tions with the functional group either toward the metal or towards the so-
lution, and flat orientation. For most substances, flat orientation dominates
at low surface concentrations and positive potentials. It was also concluded
that a very weak chemical bond and a small charge transfer between the
metal and the aromatic molecule exist in the flat position, while for perpen-
dicular orientation they are negligible.252” In adsorption studies of polyaro-
matic hydrocarbons, problems arise from the fact that, due to their low solu-
bility in water, higher concentrations can be obtained only in the presence
of an organic solvent, as for example in alcoholic solutions.®® Here we present
adsorption data obtained in a saturated aqueous solution of pyrene contain-
ing 4 x 10”7 M pyrene. Capacity-potential curves obtained by phase sensitive
a.c. voltammetry (out of phase measurements) for different adsorption times,
namely 15, 30, 60, 120 and 300 sec, are presented in Figure 5. The capacity-
-potential curve of 0.5 M NaCl as basic electrolyte is denoted with the dashed -
line. The decrease in capacity, compared to the value for the basic electrolyte,
is a measure of adsorption. The minimum capacity value C,;, = 14.3 pF/cm?
was determined for the adsorption of pyrene from saturated aqueous solu-
tion. This value is in good agreement with the reported values for flat ori-
entation in adsorption of different aromatic compounds (10-15 uF/ cm?).26:27
The tensammetric peaks observed in the potential range between —1.2 and
-1.3 V correspond to desorption processes of pyrene.

Regarding the adsorption of pyrene from aqueous solutions, it is impor-
tant to stress that, at the concentration level of about 80 ug/l pyrene, with
prolonged adsorption time and stirring of the solution, surface coverages ap-
proach 6 ~1, as presented in Figure 6.

The capacitance measurements of 5 x 10~ M pyrene in 0.5 M NaCl-2%
(v/v) ethanol solution are illustrated in the insert of Figure 5. The minimum
capacity value, determined as C,;, = 8.9 pF/cm?, indicates a perpendicular
orientation of pyrene at higher concentrations, similarly as reported for
other aromatic compounds (5-8 pF/cm?).2627

The structure and permeability of adsorbed layers was also tested using
the redox process of Cd(II) as a probe. The adsorbed layer of organic mole-
cules generally presents a barrier to the transport of ions and electrons at
the interface, resulting in a decreasing electrode reaction rate.?®?° Typical
a.c. voltammetric waves, cathodic and anodic, of 10> M Cd?*, in the absence
and presence of saturated solution of pyrene (accumulation time 300 s), are
presented in Figures 7a and b. (curves 0 and 1). The dependence of the peak
height of the cathodic and anodic a.c. voltammetric waves of 10° mol dm=3 Cd
on the adsorption of pyrene is also presented in Figure 6 (curves 2 and 3).
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It can be seen that even a surface completely covered by an adsorbed layer
of pyrene does not inhibit the electrode processes of cadmium ions.

Namely, quantitative interpretation of the adsorbed layer inhibition ef-
fect can be performed on the basis of the changes in the rate of the electrode
processes of Cd?*. The kinetic parameter, the apparent standard rate con-
stant, &, of the electrode reduction of Cd?* can be estimated from the shape
and height of the a.c. or differential pulse voltammograms using theoretical
curves obtained by digital simulation.?3 For a.c. voltammetry and the fre-
quency of 75 Hz, used in this work, it can be estimated that the maximum
peak current corresponds to the rate constant k, > 1.7 cm/s.3! No change in
the peak cusrent in the presence of the adsorbed layer means that the rate
constant does not fall below the above mentioned value for the method used.
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Figure 5. Capacity-potential curves for saturated aqueous solution of pyrene. Accu-
mulation times: (1) 15, (2) 30, (3) 60, (4) 120 and (5) 300 s under stirring. Curve 0
denotes the capacity curve of 0.5 mol dm™ NaCl. 5 x T0~¢ M pyrene in 0.5 M NaCl
= 2% (v/v) ethanol solution. Accumulation times: (1) 0, (2) 60, (3) 300 s.
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Figure 6. The apparent adsorption isotherm for saturated solution of pyrene. Accu-
mulation at —0.4 V under stirring (curve 1).

Dependence of the relative height (I/1) of the cathodic (curve 2) and anodic (curve
3) a.c. voltammetric waves of 105 mol dm™ Cd on the accumulation times.
Subphase: saturated solution of pyrene in 0.55 mol dm™3 NaCl.

Iy = anodic or cathodic wave height in the absence of pyrene.

Accumulation potential: 0.4 V (curve 2) and —0.8 (curve 3).
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Figure 7. a) Cathodic a.c. voltammetric waves of 105 mol dm™ Cd2* in (0) 0.55 mol dm™2
NaCl and (1) saturated pyrene solution in 0.55 mol dm™ NaCl.

b) Anodic a.c. voltammetric waves of 10 mol dm= Cd in (0) 0.55 mol dm™3 NaCl
and (1) saturated pyrene solution in 0.55 mol dm=3 NaCl.

Accumulation time: 300 s.
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Inhibition effects on the cadmium reduction process have been studied
with a number of adsorbable organic substances, representing either natu-
rally occurring substances in the aquatic systems or different model sub-
stances.32 We have observed in general that the adsorbed layers formed in
neutral and alkaline solutions of natural biopolymers (proteins) and geopo-
lymers (humic substances) do not inhibit the reduction of Cd%* at the mer-
cury electrode3? but show a strong inhibition effect after acidification. There
are two possible explanations for this; either (1) repulsive forces of the nega-
tively charged functional groups of the polymer cause a formation of a more
loose or porous adsorption layer in alkaline solution and a more condensed
one after protonation in the acidic solution, or (2) the charge transfer process
of cadmium can proceed via a bridging mechanism on negatively charged
groups of the organic coating at the electrode surface. Taking into account
that, for adsorption of aromatic molecules in the flat position, there is a
weak chemical bond and a small charge transfer between the aromatic mole-
cules and the mercury, we assume that a contact of Cd?* with the adsorbed
layer of pyrene through n-electrons of the layer enables the reduction proc-
ess at the covered electrode surface.
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Figure 8. Cathodic a.c. voltammetric waves of 10~5 mol dm™ Cd2*:

(0) in 0.55 mol dm™3 NaCl

(1) mixed monolayer of lecithin (0.614 pg/cmz,) and pyrene (0.013 ug/cm2)
(2) mixed monolayer of lecithin (0.0614 pg/cm?) and pyrene (0.13 pg/em?).
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It is known that electrode processes of cadmium are inhibited by phos-
pholipid monolayers, which are formed by spreading from the organic sol-
vent on the water surface, and then transferred to the mercury surface by
vertical dipping of the electrode through the film.34$1% The incorporation of
pyrene into lipid monolayer was found by monolayer studies at the air/water
interface in this work, as presented in Figure 2. This finding is also in good
agreement with the published results of capacitance measurements at phos-
pholipid-coated mercury electrodes in the presence of trace amounts of
polynuclear aromatic hydrocarbons.?52¢ It can be also assumed that by in-
corporation of pyrene in the hydrophobic core of lipid monolayers, the struc-
ture of monolayers will change, thus influencing the transport of cadmium
ions through the film. Our preliminary results for reduction of cadmium
through monolayers prepared by cospreading technique of mixed solution of
lecithin and pyrene in two different molar ratios, namely 10:1 and 1:10 are
presented in Figure 8. If lecithin is mixed with pyrene, and then a complex
monolayer is formed on the surface of electrolyte and transferred onto the
mercury electrode, the reduction wave of cadmium increases due to the pres-
ence of pyrene in the film (curves 1 and 2).

More detailed study is needed which will include parallel capacitance
measurements, monolayer studies and use of different electrochemical
probes in order to get a better insight into the molecular structure of the
adsorbed layers and their influence upon the mass and charge transfer
across lipid monolayers.

Relevance for Natural Phase Boundaries

Natural aquatic systems contain a large number of organic substances
with different functional groups and different hydrophobic properties. Sur-
face active organic compounds which are released by phytoplankton, as
products of their metabolism or compounds originating from decomposition
and degradation processes of dead organisms, form the surface microlayer
(50-100 m) which represents the interfacial region where many important
bio-chemico-physical processes and flux of gases are taking place. Natural
films are extremely complex, consisting of free fatty acids, alcohols, lipids,
hydrocarbons and of more oxygenated molecules of higher molecular
weights, such as the glycopeptido-lipid oligosaccharide complex. Transport
of species like metals, organics and organisms does not occur only through
the water column but is also very important at the air/water interface. The
structure and composition of the surface microlayer can influence the geo-
chemical cycles of many environmental pollutants.

In general, hydrophobic compounds are poorly soluble in water, so they
are preferentially located at the air/water interface. Depending on whether
they are volatile, partly volatile or non volatile, their transfer from the bulk
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aqueous phase will be either to the vapour phase (volatization) or to the
air/water interface (adsorption).2 Most of the small hydrophobic compounds
having large vapour pressures, tend to be in the vapour phase. In contrast,
large hydrophobic molecules, having a low vapour pressure will remain at
the air/water interface. Natural and anthropogenic hydrophobic compounds
accumulate at the surface due to their hydrophobicity, incorporate in the
»surface microlayer«, thus changing the structure of natural films.

The pyrene-lipid system was used in this work as a model for more gen-
eral studies of the fate and transport of highly hydrophobic, poorly water
soluble and environmentally significant compounds across the natural phase
boundaries, and their influence on the processes of mass and energy transfer
through them.
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SAZETAK
Adsorpcija pirena na hidrofobnim granicama faza

Zlatica Kozarac, Bosena Cosovié, Dietmar Mébius i Wolfgang Budach

Promatrana je adsorpcija pirena na razli¢itim modelnim granicama faza kao sto

su zrak/voda, zrak/lipidni monosloj, Zivina elektroda/otopina i Zivina elektroda mo-
dificirana lipidnim slojevima. Uporabljene su spektroskopske (apsorpcijska, reflek-
sna i fluorescentna spektroskopija), monoslojne (mjerenje povriinskog tlaka x i po-
vriinskog potencijala AV) i elektrokemijske metode.

Svrha tih motrenja bila je procijeniti najvjerojatnije i najznaéajnije procese koji

utjeu na raspodjelu i uéinke vrlo hidrofobnih, odnosno gotovo netopivih organskih
zagadivala u prirodnim vodenim sustavima.

Rezultati su pokazali da se molekule pirena ugraduju u hidrofobnu jezgru lipid-

nih monoslojeva, mijenjajuéi transport mase i naboja kroz monoslojeve.
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