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Abstract—The plasmon effect that silver nanoparticles have on the luminiscent and generation properties of
rhodamine 6G molecules in aqueous alcohol solutions is studied. It is found that the intéfsitiesofabsorption
and emission increase when silver nanoparticles are added to aqueous solutions @f rhodaminé6GIt.is shown
that upon the laser photoexcitation of aqueous solutions of rhodamine 6G dye, spontaneous’fluorescence
occurs that is converted into stimulated laser emission as the pump power gcows. It is found'that an increase
in intensity and a drop in the generation threshold of stimulated emission areebsefved,when silver nanopar-
ticles are added to a solution of rhodamine 6G. It is shown that the dependenceiof absorbance, the intensity
of fluorescence, and the dye’s generation of stimulated emission onfthe concentration of silver nanoparticles

in solution falls as the proportion of alcohol grows.
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INTRODUCTION

The interest in studying the optical properties of
molecules of fluorophores in the near-field ©f metal
nanoparticles (NPs) is growing steadily. 'Iihe, interest
in this problem is due both to the need,to clatify the
fundamental aspects of radiation’s interaction*with
matter and practical applications. The abilityyto mon-
itor and control the optical propernties of fluorophores
is particularly relevant due to the preblem of improv-
ing the sensitivity of molecular markers in diagnostic
systems [1, 2].

Fluorophore molegules,placed near the surfaces of
metal NPs are subjeéctte, thémaction of local electro-
magnetic fields {3]. Depending on the distance
between an NPssanda, molecule, the fluorescence of
the latter is @ither enhanced or quenched [4, 5]. At
shortgdistances’and direct contact between NPs and
fluérophaores, theffluorescence is quenched due to the
prevalence of nonradiative energy transfer from fluo-
rescent molecules to NPs. Different kinds of interme-
diate dielectric layers that allow us to vary the distance
from a fluorophore to the metal in a controlled man-
ner are therefore used to study the dependence of flu-
orescence on the distance between a molecule and the
metal [4, 6].

This problem can be solved by using metal NPs in
aqueous alcohol solutions. Aqueous alcohol solutions
are mixed associates whose properties depend nonlin-

early 'on the quantitative ratios of the components.
Aleohol molecules (which are larger) disrupt the
structure of the solvation shell of a fluorophore mole-
cule when they are incorporated into the structure of
water, while the incorporation of water molecules into
the structure of alcohol does not appreciably change
the latter. When dissolving small amounts of alcohol,
the structure of water remains virtually unchanged,
undergoing only minor deformation. A further
increase in the concentration of alcohol leads to dis-
ruption of the water’s structure [7]. Changing the
structure of solvation shells in binary systems would
allow us to control the distance between a molecule of
fluorophore and a metal NPs.

In this work, we present the results from studying
the impact the plasmon effect has on photoprocesses
in dye molecules in aqueous alcohol solutions.

EXPERIMENTAL

Silver NPs were obtained via the reduction of
AgNO; with citrate in aqueous solutions [8]. In pre-
paring silver NPs colloidal solutions, we used deion-
ized water obtained by means of multi-stage filtration
on an AquaMax 360 Basic water purifier. The water’s
specific resistance was 18.2 MQ/cm.

The size of the silver NPs in colloidal solutions was
determined via dynamic light scattering on a submi-
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Fig. 1. Scheme of the experimental setup for studying the characteristics of molecular system generation: er'LQ 215, (2)
neutral density filters, (3) aperture, (4, 5) cylindrical lenses, (6) cavity end mirror, (7) sample, (&) in 9) AvaSpec-
2048 spectrometer, (10) PC.

cron particle size analyzer Zetasizer Nano ZS (Mal- (R6G) dye were
vern). The average size of silver particles was 85 nm. ples by a second ha d:YAG laser (Fig. 1, I)
The spread of the obtained values due to the disper- (SOLAR 15, Agen =532 nm, E,,,, =90 mJ, T =
sion of silver particles is minimal and lies in the range 10 ns) in verse mode.

of 5to 10 nm.

The shape of the silver NPs was determined using a !
scanning electron microscope (SEM) TESCAN Mira3. mi

The absorption spectra of the samples were regis-
tered on a Cary 300 UV-Vis spectrophotometer. Whe
the dependence of the dye’s absorption spectra on_the
concentration of NPs was measured, the referenc @ Wy

ics of laser generation were mea-
tical resonator formed by cavity end
he front face of the cell with the solu-
e (7). After passing through aperture (3),
radiation was focused on the side face of the
a strip with an area of 0.07 cm? using cylindrical
s (4, 5). Radiation was generated in a narrow near
egion on the side of the inlet of the cell.

The power density of the pump was varied using
neutral density filters (2), and was 0.005—
0.2 MW/cm?. The luminescence signal was focused
on the input optical fiber of AvaSpec-2048 spectrom-
eter (9) by converging lens (&). The relative accuracy of
determining the spectral characteristics was 3%.

was filled with solutions of silver NPs wit
sponding concentrations.

The spectral and energy characteristi tim-
ulated luminescence of solutions of r mine 6G

RESULTS AND DISCUSSION

Figure 2 shows SEM images of silver NPs. The
sizes of the silver NPs, determined directly in a colloi-
dal solution via dynamic light scattering and micros-
copy, agree with one another. Silver NPs are mostly
spherical. The silver nanoparticles were 40—100 nm in
size.

The absorption spectrum of a silver NPs in water
(Fig. 3, curve 1) is a broad band with a maximum at
428 nm. It overlaps the absorption and fluorescence
spectra of R6G (Fig. 3, curves 2, 3), indicating it meets
the conditions of plasmon resonance.

Figure 4 shows the dependences of optical density
of R6G on the concentrations of silver nanoparticles at
different ratios of water and alcohol. In pure water, the
dependence of optical density on C,, (curve /) has its

Fig. 2. SEM images of silver NPs. maximum at Cy, = 10~* mol/L when silver nanoparti-
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Fig. 3. Relative location of the absorption spectra of (/) sil-
ver NPs, (2) R6G, and (3) fluorescence of the dye in aque-
ous solution.

cles are added into the solution of the dye (C =
1073 mol/L). Similar dependences are observed for
aqueous alcohol solutions (curves 2—5). They differ
from aqueous solution and from one another in that
the concentration of silver NPs at which the absorp-
tion maximum of the dye is observed is shifted toward
lower values as the proportion of alcohol in the solu+
tion rises.

This increase of the optical density of theldye’s
absorption spectrum is due to the effect of'the WPs
electromagnetic field. The excitation of numerous
plasmons in the particle results in efficient lightscat-
tering and the formation of an enhanced electromag-
netic field near the surfaces of NPs. Seatteredlight can
be reabsorbed by the molecule§ of R6G |9], and the
overlap of the SPR absorption bands of silver NPs and
R6G promote this reabsonption,(Figs3), substantially
increasing the amount offlight absorbed by the system
as a whole. A drop inthe opticalldensity of R6G in the
presence of silver sdanoparticles was also observed in
[10].

The fluotrescénce of the dye undergoes similar
changesupon ¢hanging the ratios of water and alcohol
(Eig. 5): with an"increase in the volume fraction of
alcoholgthe bend point is shifted toward lower con-
centratiens of silver nanoparticles. According to [11,
12], theteason for the enhanced fluorescence of the
molecules near metal NPs is an increase of the rate of
fluorescence excitation due to localized plasmon reso-
nance. At the same time, when the molecules are near
the metal or in contact with it, nonradiative energy is
transferred from the molecules to the NPs, reducing
the probability of radiative decay of the excited mole-
cules.
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Fig. 4. Dependence of optical density'ef R6G on concen-
tration of silver NPs in agueous alcohol solution.
Water/alcohol rdties, %; (1) 100105(2) 90 : 10, (3) 70 : 30,
(4) 50 : 50, (5) 30 : 704

The difference between the structures of water and
aqueous alcohol'selutions must be considered in order
to expldin the obtained dependences [13—18]. In con-
trast toja‘purciaqueous solution, in an aqueous solu-
tion‘diluted*with alcohol, some of the dye molecules
aréysurrounded by the solvation shells of alcohol mol-
ecules, which are weaker than those of water. This
means the lifetime of an alcoholic solvation shell is
shorter than those of the solvates of water molecules.
In the periods between the collapse and formation of
solvation shells, the molecules of the dye and NPs can

1, rel. units
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Fig. 5. Dependence of fluorescence spectra of R6G on
concentration of silver NPs in an aqueous alcohol solu-
tion. Water/alcohol ratios, %: (/) 100 : 0, (2) 90 : 10, (3)
70 : 30, (4) 50 : 50.
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Fig. 6. Dependences of (1) optical density, (2, A= 564 nm)
intensity of fluorescence, and (3, A = 563 nm) intensity of
R6G generation in aqueous alcohol solution at a ratio of
the components of 50 : 50% on the concentration of silver
NPs.

close to the distances needed for interaction. Since the
frequency of the rearrangement of solvates of alcohol
molecules is higher than that of water, the probability
of molecule—NPs pairs forming in an alcohol medium
is higher than in water. This probably explains the drop
in the concentration of silver NPs in order to obtain
absorption and fluorescence maxima upon increasing
the volume fraction of alcohol in binary solutionsf

Measuring the properties of the stimulated €mis-
sion of R6G dye in aqueous alcohol mixtures depend-
ing on the concentration of silver NPs fevealed the
same dependence as for absorption and fluoreseence.
Figure 6 shows curves for three progesses‘at a water-
to-alcohol ratio of 50 : 50%. For all ‘curves, the bend
maximum is observed at almost the same concentra-
tion. The relative increase in the values also remains
approximately the same.

CONCLUSIONS

Our studies of the,effect’the plasmon resonance of
silver NPs have on absorbance and the spontaneous
and stimulated gmission of dye molecules in aqueous
alcohol selutions showed that the critical concentra-
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tions of silver NPs at which absorption and emission
maxima are observed fall as the volume fraction of
alcohol rises in the mixture. This indicates that the
probability of molecules and silver NPs converging is
higher in alcoholic media than in water due to struc-
tural features of the solvation shells of the solvents.
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