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AIM OF THE STUDY

RESULTS

Indirect nanoplasmonic sensing (NPS) is a novel microanalytical technique based on
the optical phenomenon of localized surface plasmon resonance of metallic
nanostructures. The aim of the work was to get detailed information on interactions
taking place between ionic liquids and liposomes, used as biomimetic models.

NPS experiments were conducted on an Insplorion XNano II instrument using titanium dioxide
and silicon nitride sensors; the latter was preferred for IL/liposomes interaction studies. Of the
selected ionic liquids, [P14444][OAc] has a significant cytotoxicity, whereas the two other are
harmless or practically harmless (Figure 3). Phosphatidylcholine (POPC) liposomes were
immobilized as intact vesicles or as supported lipid bilayers on the sensors (Figure 4). The
interactions between the ionic liquids and the biomembranes showed the strongest liposome
deformation and lipid removal using [P14444][OAc] (Figure 5).

METHODOLOGY
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In indirect NPS experiments the plasmonic particles are inert and adjacent to the
material of interest to probe a process occurring either in the material investigated or
on the surface of the material. Changes in the nanoparticle properties cause a shift in
the maximum-extinction wavelength, which can be monitored and recorded in real-time
(Figure 1). The biomass-dissolving ionic liquids (Figure 2) were synthesized in house.
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Figure 1. Changes in plasmon
extinction peak-position (Δmax),
height (ΔEmax), and width (Δfwhm)
are detected and evaluated.

Figure 3. Ionic liquid/phosphatidylcholine membrane interaction studies were carried out by
immobilizing liposomes either as bilayers or as intact vesicles. The latter model was preferred
as it allowed us to achieve more complete and detailed information on the interactions.

The substrate is fused silica which
is covered with nanostructured
gold. Titanium dioxide and silicon
nitride coated sensors were
studied.

Figure 5. Effect of 250 mM
[DBNH][OAc] (A), 50 mM [P4441][OAc]
(B), and 1 mM [P14444][OAc] (C) on
immobilized intact POPC vesicles
(0.15 mM) on a silicon nitride sensor.
The sensor was pretreated with NaOH,
MilliQ water, and HEPES pH 7.4
buffer, before liposome immobilization.
Results: [DBNH][OAc] does not affect
the adsorbed vesicles; [P4441][OAc]
interacts with the liposomes, but the
effect is mild; [P14444][OAc] penetrates
into the liposomes, induces liposome
deformation in combination with
removal of part of the phospholipids
from the surface in the form of mixed
ionic liquid/lipid aggregates.

CONCLUSIONS

Figure 4. Immobilization of lipid vesicles on Insplorion sensors with top coatings (silicon
nitride or titanium dioxide) resulted in the adsorption of intact vesicles (above) or ruptured
lipid membranes in the presence of calcium (below) on the sensor surface.

• NPS is a novel surface sensitive technique suitable for studying IL-liposome interactions.
• Successful liposome immobilization was obtained only with HEPES buffer in the presence of
sodium hydroxide in the preconditioning step, or with HEPES buffer containing calcium
chloride.
• Silicon nitride coated sensors are highly suitable for liposome immobilization and ionic
liquid/liposome interaction studies.
• By NPS complementary information on the interaction between different types of ionic liquids
and biomimimicking membranes is obtained.
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Figure 2. Studied ionic liquids.
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