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Plasmon effect on triplet-singlet energy transfer in the dye-doped
Langmuir-Blodgett films

The effect of silver plasmonic nanoparticles on triplet-singlet energy transfer in the donor-acceptor pair of or-
ganic dyes was studied. Layered dye films were prepared on the surface of glass and island silver films using
the Langmuir-Blodgett method. Amphiphilic analogs of Rose bengal and polymethine dye were used as do-
nor and acceptor of energy. A polymer monolayer was deposited between monolayers of donor and acceptor
molecules to exclude the competing triplet-triplet energy transfer. The spectra of delayed fluorescence and
phosphorescence of donor-acceptor films and the delayed luminescence lifetime of donor in these films have
been measured. It is shown that a threefold increase in the fluorescence intensity and a twofold increase in the
donor phosphorescence intensity are observed on silver island films. The successful triplet-singlet energy
transfer is evidenced by both the quenching of donor centers and appearance of sensitized delayed fluores-
cence of the acceptor with the duration close to the donor triplet lifetime. In the presence of silver nanoparti-
cles, in addition to enhancement in the intensity of the donor emission, an increase in the efficiency of triplet-
singlet energy transfer was observed. The obtained results can be used in various optical devices.

Keywords: Rose bengal; polymethine dye; silver island film; plasmon; delayed fluorescence; phosphores-
cence; triplet-singlet energy transfer; Langmuir-Blodgett films.

Introduction

Intermolecular energy transfer is one of the main processes in various applications of photonics [1, 2],
optics, optoelectronics [3, 4, 5] and photovoltaics [6, 7]. The electron excitation energy transfer between
molecules is one of the possible ways to influence the rate of photochemical reactions. The mechanism, the
theoretical description of which was first proposed by Forster in the 1940s, allows distances up to 10 nm to
be measured and it is based on the nonradiative dipole-dipole interaction of the giving and receiving
molecules [8].

The triplet-singlet energy transfer was predicted by Forster [8] and confirmed by Ermolaev and Svesh-
nikova [9], who discovered this type of energy transfer using several phosphorescent donors and fluorescent
acceptors in solid media. Thus, it was experimentally shown that Forster's theory can be applied to donor-
acceptor pairs undergoing triplet-singlet energy transfer [9, 10].

The triplet-singlet energy transfer is widely used to obtain high-efficiency fluorescent organic light-
emitting devices [3, 11, 12], to create biochemical and biophysical sensors [12], and can be used as a method
to increase the rate of light emission from excited triplet states [13]. In [11], the authors used nonradiative
energy transfer to increase the efficiency of a fluorescent red organic light-emitting device in four times. The
triplet-singlet energy transfer is used in a new emitter concept for organic light-emitting diodes (OLEDS)
called as thermally activated delayed fluorescence (TADF) [12, 14]. In [15], simultaneous and efficient ener-
gy transfer from both donating singlet and triplet states of a single photoluminescent molecular species was
demonstrated, showing that cooperation between these two exciton transfer channels is possible.
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At present, there are few publications devoted to the study of the effect of plasmonic nanoparticles on
the triplet-singlet energy transfer. In [16], a decrease in the efficiency of triplet-singlet energy transfer on the
surface of a silver island film was observed. And in [17], the influence of the plasmon effect of Ag nanopar-
ticles (NPs) on singlet-singlet (S-S) and triplet-singlet (T-S) energy transfer in the same donor—acceptor pair
of organic molecules was studied, and it was shown that the plasmon effect affects both S-S and T-S energy
transfer.

In this work, the Langmuir-Blodgett (LB) technology was used to obtain structured films. The LB
method is a useful and well-established tool for the fabrication of ultrathin films. The composition and thick-
ness of such films can be precisely controlled at the molecular level. In addition, the orientation of fluores-
cent probes to the metal surface is fixed and the probes are in a monolayer, which is favorable for studies of
metal-enhanced processes [18-20].

In the present work, we studied the effect of plasmonic nanoparticles on the T-S energy transfer in
langmuir films in a pair of Rose bengal and polymethine dye. In contrast to [17], where the donor and accep-
tor molecules are arranged randomly, in the present work, the molecules are arranged structured using the
Langmuir—Blodgett technology.

Experimental

Amphiphilic analogs of the dyes of Rose Bengal (RB) and indotricarbocyanine (PD) [21] were used as
an energy donor (D) and acceptor (A), respectively. The structural formulas are shown in Fig. 1.
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Figure 1. Structural formulas: a) RB; b) PD; ¢c) PDOAM

Silver island films (SiFs) were prepared by magnetron sputtering, as described in [20]. After silver dep-
osition, the films were annealed at a temperature of 240°C in a muffle furnace for 30 minutes. MIRA 3LMU
scanning electron microscope (SEM, Tescan) was used for the studying of morphology and structure of the
films. As shown by SEM (Fig. 2a), clusters of Ag particles with a radius of 40-50 nm are formed after an-
nealing. The absorption spectrum of the SiF has a maximum at a wavelength of 435 nm (Fig. 2b).

Samples were prepared using the Langmuir-Blodgett (LB) method in a KSV Nima trough. In LB films,
the distance between molecules can be changed up to their direct contact. The subphase was deionized water
purified with AquaMax water purification system.

To prepare the samples, the dyes were dissolved in chloroform and mixed in the required ratios with the
amphiphilic polymer poly (N,N-dialyl-N-octadecylamine-alt-maleic acid) (PDOAM) [21]. A mixed solution
of amphiphilic polyampholyte and a dye makes it possible to obtain more stable and condensed films on the
water surface. The relative concentration of dyes was 20 and 80 mol% for RB and PD, respectively. Transfer
of monolayers to solid substrates was carried out according to the Z-type with the vertically method at a sur-
face pressure of 1=35 mN/m for RB, 7=30 mN/m for PD. The n—A isotherm of PD is shown in Fig. 3. A pol-
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ymer monolayer was deposited between the acceptor and donor monolayers (Fig. 2¢). The polymer provides
a distance between the donor and the acceptor of more than 2 nm. This makes it possible to eliminate the
competing triplet-triplet energy transfer as an additional channel for energy transfer from the donor to the
acceptor. Polymer monolayers were transferred to the substrate at a surface pressure of 7=35 mN/m in a Z-
type. It is known that a certain distance from the surface of plasmonic NPs is required to obtain the maxi-
mum effect [20, 22]. Therefore, in this work, several samples were prepared with different distances from the
SiF surface (Fig. 2c). In one case, donor molecules were deposited directly onto the SiF surface; in the other
case, three monolayers of PDOAM were deposited between SiF and donor molecules. In total, 3 RB mono-
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Figure 2. SEM image (a) and absorption spectrum (b) of SiF, and schemes of multilayer samples (c)
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Figure 3. Surface pressure-area (m—A) compression isotherm of PD

The absorption spectra of the samples were measured using a Cary 300 spectrophotometer (Agilent
Technologies). The emission spectra and lifetime were performed on a Cary Eclipse spectrometer (Agilent
Technologies). Delayed fluorescence (DF) and phosphorescence measurements were carried out using a cry-
ostat OptistatDN (Oxford Instruments). Phosphorescence mode: delay time = 0.1 ms; gate time = 0.5 ms.
The DF and phosphorescence lifetimes were determined using the Cary Eclipse software using the following
equation:

I(t) = lo exp(-kt),
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where, lo, I(t) — luminescence intensity at zero and arbitrary times, respectively; k=1/z — is the rate constant
of the luminescence decay calculated from the graph plotted in the coordinates In(lo/l) versus t.
The energy transfer efficiency (Eer) was estimated according to equation [23-25]:

ot 2]

where <TD>, <TOD>— average fluorescence lifetime of RB in donor-acceptor and donor films, respectively.

The energy transfer rates in the presence of plasmonic NPs (ké’}) and without them (K, kgr E) were
estimated according to the following formulas) [17, 23-24]:

|
E= kET and E,f} — kET + klgT
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where Eg is the energy transfer efficiency in the presence of plasmon NPs.

Results and Discussion

The normalized absorption and luminescence spectra of RB and PD in the LB films are shown in Fig. 4.
When excited in the absorption bands of RB, the fluorescence spectrum of RB has a maximum at a wave-

length of ﬂfr'm =562 nm. The DF and phosphorescence spectra of RB at room temperature have a maximum

approximately at 565 nm and 695 nm, respectively. The absorption spectrum maximum of PD is exhibits at
755 nm, and the fluorescence spectrum — at 785 nm. The absorption and fluorescence spectra have a univer-
sal shape characteristic of dyes of the polymethine series [26-27]. The overlap integral of the phosphores-
cence spectrum of RB and absorption of PD is equal to 1 =2.87-102Mcm?[17].

The optical density of the dye LB film on glass at the absorption band maximum is about ~0.006 for RB
and ~0.01 for PD. It is difficult to estimate the optical density of LB films on the SiF surface due to the ef-
fects of light scattering by Ag islands.
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Figure 4. Normalized absorption (1, 4) and fluorescence (2, 5) spectra of RB (1, 2), PD (4, 5) films and delayed fluores-
cence (2”) and phosphorescence (3) spectrum of RB

The fluorescence spectra of the LB films of the donor and the donor-acceptor pair on a glass substrate
and on the SiF with a polymer are shown in Figure 5. The fluorescence intensity of the donor increased in
1.8 times directly on the SiF, and in 2.8 times on the SiF coated with three polymer monolayers compared
with the control sample on the glass. In the presence of an acceptor, the intensity of the donor decreased, and
a sensitized fluorescence of the acceptor appeared in the range of 700-800 nm. When the acceptor is excited
with a wavelength of Aexc=530 nm in the absence of donor molecules, no radiation is detected. These data
indicate that energy transfer proceeds from excited singlet RB molecules to unexcited acceptor molecules.
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The influence of the SiF on the singlet-singlet energy transfer by the inductive—resonant mechanism was
considered in previous works [17, 18, 25].
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Figure 5. Fluorescence spectra of donor films (1, 2) and donor-acceptor films (3, 4) at Aexc=530 nm on glass (1, 3), SiFs
(2, 4) and SiFs coated with polymer monolayers (3)

The results of measurements of DF and phosphorescence of deoxygenated films of a donor and a donor-
acceptor pair on glass and SiFs are shown in Figure 6a. When RB films on glass were photoexcited at
dexc=532 nm, the maximum of the DF band of dye is recorded at approximately Amax=565 nm, and the phos-
phorescence maximum at Amax=695 nm. The lifetimes of phosphorescence and DF of RB are practically the
same and equal to 0.3 ms.
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Figure 6. Spectra of DF and phosphorescence (a) and phosphorescence decay kinetics (b) of donor (1, 2, 3) and donor-
acceptor films (4, 5, 6) at Aexc=530 nm on glass (1, 4), on SiFs (2, 5) and SiFs coated with polymer monolayers (3, 6)

In the presence of an acceptor, quenching of the intensity of both DF and donor phosphorescence is ob-
served, and the donor lifetime was decreased to 0.22 ms (Figure 6b). When a pure PD film was excited at
Aexc=532 nm, no radiation was registered. Because of the great overlapping of the sensitized luminescence of
PD with the long-wavelength wing of the donor band, acceptor luminescence lifetimes, were recorded taking
into account the donor phosphorescence contribution. The lifetime of acceptor in this case was equal to ~0.1
ms.

The observed quenching of the delayed luminescence RB and the sensitized luminescence of PD indi-
cate the T-S energy transfer from triplet donor molecules to acceptor molecules in the ground electronic
state.

In the presence of silver NPs, the intensity of DF and phosphorescence was increased almost 1.6 times
directly on the SiFs and 1.9 times on the SiFs coated with three polymer monolayers. In this case, the dura-
tion of the luminescence is slightly reduced. In the presence of an acceptor, a similar spectrum is observed on
SiFs, as on glass (Table 1).
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Table 1

Intensity of DF and phosphorescence of donor (D), sensitized luminescence of acceptor, phosphorescence lifetime
of donor 7h" (Arg=695 nm), TS energy transfer rate in the presence (k/ ) and without SiF (K, ) in donor-

acceptor (DA) films, Aecx=530 nm

S DF Ph A Ph 1 kISEl L4 ke

amples I ., ru 15, ru. I, ,ru T, MS stop "ETE ki st |1
ET

On glass substrates

D 1.2 5.9 - 0.295 - -

DA 0.1 0.34 0.3 0.220 1.13-10° -

On SIF

D 1.9 9.2 - 0.230 - -

DA 0.1 0.35 0.3 0.165 1.32:10° 1.17

On SIF with polymer

D 2.1 11.2 - 0.240 - -

DA 0.1 0.35 0.3 0.178 1.2-10° 1.06

In the presence of Ag NPs, an increase in the rate of spin-forbidden energy transfer is observed. For a
sample in which donor molecules were located directly on the SiF, the rate of T—S energy transfer increases
by almost 1.2 times. Even though at 6-8 nm from the SiF, the maximum intensity of the donor radiation was
observed, the rate of T-S energy transfer from the energy donor to the acceptor is lower. This can be ex-
plained by the fact that molecules located far from the SiF are less affected by the plasmon field.

Conclusions

The effect of plasmonic silver NPs on the T-S energy transfer in a donor—acceptor pair in planar
nanostructures has been studied. Ag island films exhibit a threefold increase in the fluorescence intensity and
a twofold increase in the phosphorescence intensity of the energy donor. An increase in the T-S energy
transfer efficiency was registered recorded in the plasmon field of Ag NPs. In this case, the maximum
growth in the rate of T-S energy transfer was observed for a sample deposited directly on the SiF surface.

Acknowledgements

This research is funded by the Science Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant No. AP14870117).

References

1 Jin, X.-H., Price, M.B., Finnegan, J.R., Boott, C.E., Richter, J.M., & et al. (2018). Long-range exciton transport in conjugated
polymer nanobers prepared by seeded growth. Science. 360, 897—900. doi:10.1126/science.aar8104.

2 Currie, M.J., Mapel, J.K., Heidel, T.D., Goffri, S., & Baldo, M.A. (2008). High-Efficiency Organic Solar Concentrators for
Photovoltaics. Science. 321(5886), 226-228. doi:10.1126/science.1158342.

3 Baldo, M.A., Thompson, M.E., & Forrest, S.R. (2000). High-efficiency fluorescent organic light-emitting devices using a
phosphorescent sensitizer. Nature. 403(6771), 750-753. doi:10.1038/35001541.

4 Reineke, S., Thomschke, M., Liissem, B., & Leo, K. (2013). White organic light-emitting diodes: Status and perspective. Re-
views of Modern Physics. 85(3), 1245-1293. doi:10.1103/revmodphys.85.1245.

5 Ishchenko, A. (2002). Molecular engineering of dye-doped polymers for optoelectronics. Polymers for Advanced
Technologies, 13(10-12), 744-752. doi:10.1002/pat.269.

6 Cao, W., & Xue, J. (2014). Recent progress in organic photovoltaics: device architecture and optical design. Energy & Envi-
ronmental Science. 7(7), 2123. doi:10.1039/c4ee00260a.

7 Bulavko, G.V., & Ishchenko, A.A. (2014). Organic bulk heterojunction photovoltaic structures: design, morphology and
properties. Russian Chemical Reviews, 83(7), 575-599. d0i:10.1070/rc2014v083n07abeh00441.

8 Forster, T. (1949). Experimentelle und theoretische Untersuchung des zwischenmolekularen Ubergangs von Elektronenanre-
gungsenergie. Zeitschrift fiir Naturforschung. 4,321-327.

9 Ermolaev, V.L. & Sveshnikova, E.B. (1963). Inductive resonance energy transfer from aromatic molecules in the triplet state.
Russian Academy of Sciences. 1295-1298.

10 Bennett, R.G., Schwenker, R.P., & Kellogg, R.E. (1964). Radiationless Intermolecular Energy Transfer. II. Triplet—Singlet
Transfer. The Journal of Chemical Physics. 41(10), 3040-3041. doi:10.1063/1.1725671.

Cepus «dunsukay Ne 4(108)/2022 11



D. Temirbayeva, N. Ibrayev et al.

11 D’Andrade, B.W., Baldo, M.A., Adachi, C., Brooks, J., Thompson, M.E., & Forrest, S.R. (2001). High-efficiency yellow
double-doped organic light-emitting devices based on phosphor-sensitized fluorescence. Applied Physics Letters. 79(7), 1045-1047.
doi:10.1063/1.1388159.

12 De Sousa, L.E., dos Santos Born, L., de Oliveira Neto, P.H., & de Silva, P. (2022) Triplet-to-Singlet Exciton Transfer in Hy-
perfluorescent OLED Materials. Journal of Materials Chemistry C. 10(12), 4914-4922. https://doi.org/10.1039/D1TC05596H.

13 Cravcenco, A., Hertzog, M., Ye, C., Igbal, M.N., Mueller, U., Eriksson, L., & Borjesson, K. (2019). Multiplicity conversion
based on intramolecular triplet-to-singlet energy transfer. Science Advances. 5(9), eaaw5978. doi:10.1126/sciadv.aaw5978.

14 Yanai, N., & Kimizuka, N. (2017). New triplet sensitization routes for photon upconversion: thermally activated delayed flu-
orescence molecules, inorganic nanocrystals, and singlet-to-triplet absorption. Accounts of Chemical Research. 50(10), 2487-2495.
doi:10.1021/acs.accounts.7b00235.

15 Kirch, A., Gmelch, M., & Reineke, S. (2019). Simultaneous singlet-singlet and triplet-singlet forster resonance energy trans-
fer from a single donor material. The Journal of Physical Chemistry Letters. 10, 310-315. doi:10.1021/acs.jpclett.8b03668.

16 Kislov, D.A., & Kucherenko, M.G. (2014). Nonradiative triplet-singlet transfer of electronic excitation energy between dye
molecules in the vicinity of the silver-film surface. Optics and Spectroscopy. 117, 784-791. d0i:10.1134/S0030400X14090112.

17 Ibrayev, N., Seliverstova, E., Temirbayeva, D., & Ishchenko, A. (2022). Plasmon effect on simultaneous singlet-singlet and
triplet-singlet energy transfer. Journal of Luminescence. 251, 119203. doi:10.1016/j.jlumin.2022.119203.

18 Ibrayev, N., Seliverstova, E., Zhumabay, N., & Temirbayeva, D. (2019). Plasmon effect in the donor-acceptor pairs of dyes
with various efficiency of FRET. Journal of Luminescence. 214, 116594. doi:10.1016/j.jlumin.2019.116594.

19 Cui, Q., He, F., Li, L., & Mohwald, H. (2014). Controllable metal-enhanced fluorescence in organized films and colloidal
system. Advances in Colloid and Interface Science. 207, 164-177. doi:10.1016/j.cis.2013.10.011.

20 Temirbayeva, D., lbrayev, N., & Kucherenko, M. (2022). Distance dependence of plasmon-enhanced fluorescence and
delayed luminescence of molecular planar nanostructures. Journal of Luminescence. 243, 118642. doi:10.1016/j.jlumin.2021.118642.

21 Yeroshina, S.A., lbrayev, N.K., Kudaibergenov, S.E., Rullens, F., Devillers, M., & Laschewsky, A. (2008). Spectroscopic
properties of mixed Langmuir—Blodgett films of rhodamine dyes and poly (N,N-diallyl-N-octadecylamine-alt-maleic acid). Thin
Solid Films. 516(8), 2109-2114. doi:10.1016/j.tsf.2007.05.056.

22 Ray, K., Badugu, R., & Lakowicz, J.R. (2007). Sulforhodamine adsorbed Langmuir—Blodgett layers on silver island films:
effect of probe distance on the metal-enhanced fluorescence. The Journal of Physical Chemistry C. 111, 7091-7097.
doi:10.1021/jp067635q.

23 Lakowicz, J.R. (2011). Principles of Fluorescence Spectroscopy. Springer.

24 Szmacinski, H., Ray, K., & Lakowicz, J.R. (2009). Effect of plasmonic nanostructures and nanofilms on fluorescence reso-
nance energy transfer. Journal of Biophotonics. 2(4), 243-252. doi:10.1002/jbi0.200910003.

25 Seliverstova, E.V., Temirbayeva, D.A., Ibrayev, N.K., & Ishchenko, A.A. (2019). Plasmon effect of Ag nanoparticles on
Forster resonance energy transfer in a series of cationic polymethine dyes. Theoretical and Experimental Chemistry. 55, 115-124.
d0i:10.1007/s11237-019-09602-9.

26 Temirbaeva D., Seliverstova E., Ibrayev N.Kh., Ishchenko A. (2016). Experimental study and calculations of spectral-
luminescence properties of cyanine dye. Bulletin of the University of Karaganda-Physics, 3(83), 52-59.

27 Tbrayev N.Kh., Seliverstova E.V., Zhumabay N.D., Omarova G.S., Ishchenko A.A. (2018). Effect of plasmon resonance of
metal nanoparticles on spectral-luminescent properties of polymethine dye. Bulletin of the University of Karaganda-Physics. 3(91),
37-41.

. TemupOaena, H. U6paes, E. CenuepcroBa, M. Kynunosa, A. Umenko

Bosinran Jlearmiop-biomxxeTT KaObIpIAKTAPbIHAAFbI
TPHUIVIET-CHHIVIETTIK 3HEPrus TaChIMAJ/IaybIHA IJIA3MOH dcepi

Makanazia OpraHuKaibIK OOSFBIIITAPABIH JJOHOP-aKLENTOpP KYOBIHAAFbl TPUIIET-CHHIJIETTIK DHEPTHs Tachl-
MaJljayblHa TIa3MOH/IBIK KyMic HaHOOeIIeKkTepiHiy acepi 3epTTenreH. JIeHrMop-biokeTT TeXHOIOTHUsIChIH
KOJIZIaHa OTBIPBIN, INBIHBI TOCEMeJepi MEH KyMiC apaiiblK KaObIpIIakTapbiHa OeTiHe KadaTThl OOSFBIII
KaObIpIIAKTaphl AailbIHAAIIB. DHEPIUsl JOHOPBI XKOHE aKLENTOPbI peTiHAe OSHTalAbIH KbI3FBUIT )KOHE MOJIHU-
METHUH/IIK OOSFBIITAPBIHBIH aM(puUIBAl aHANOTTaphl MalJaNaHbUINBL. bocekenec TPHUILIET-TPHILIETTIK
SHEPTHSHBIH TaChIMAIAYbIH 00JbIpMay YIIiH JOHOPJIBIK )KOHE aKIIENTOPIIBIK MOJICKYJIaTap/IblH MOHOKabat-
Tapsl apachlHIa TOJIMMEP MOHOKA0AThl OpPHANACTHIPBUIALL J(OHOP-aKIENnTOpJbIK KaObIpHIaKTapAblH Oa-
siynaHFaH QiyopecueHnus xaHe (hochopecleHIHs CIeKTPIepi kHe 0Chl KaObIpIIaKTaparbl JOHOPABIH y3aK
Mep3iMAi JTIOMUHECICHIMACBIHBIH OMip CYPY Y3aKTBIFbI efmieHai. Kymic kaOwIpIiakTapblHAa ITOHOPIBIH
(TyopecleHIMACBIHBIH KapKbIHABUIBIFBI YII ece jkoHe (ocOpecleHIMs KapKbIHABLIIBIFB €Ki ece apTybl
GaiikaaThIHBl KOpceTireH. TPHILIET-CHHITICT SHEPTHs TaChIMAJaHybl JOHOp COyJNeJCHYiHIH olyiMeH ae,
JIOHOPJIBIK TPUILIETTEP/IIH OMiIp CYPY Y3aKThIFbIHA )KaKbIH CEHCHOMITM3alMsUIaHFaH aKIeNTOPbIH OasynaHFaH
(hryopecteHIMSHBIH Taliaa 00iybIMeH nie nanenaeneni. Kymic HaHoOemmekTepi O0FaH Karaaiia SHEprus
JIOHOP KapKbIHIBUIBIFBIH apTTHIPYbIHAH 0acKa, TPHILIET-CHHIVIETTIK 3JIEKTPOHABIK SHEPIus TachMaiaay d¢-
(eKTUBTINIrHIH )KOFapbuIaybl OaiiKanapl. AJBIHFaH HOTIIKEIEP/l opTYpIli ONTHKAJIBIK KYPhUIFbUIApAa KOJI-
naHyra 0oJafpl.

12 BecTHuk KaparaHgmMHCKOro yHusepcureTa



Plasmon effect on triplet-singlet...

Kinm coe30ep: GeHranibly KbI3FBUITHI, MTOJMMETUHIIK OOSFBIII, KYMIC apajablK KaObIpIIarsl, I1a3MoH, Oa-
syidaHFaH QuayopecueHuus, QochopecieHuns, TPUILUICT-CHHICTTIK JHEeprusi TachiManaay, JleHrmrop-
BromxeTt KabbIpIIaKTaps.

. Temup6baesa, H. U6paes, E. CenuepcroBa, M. Kyaunosa, A. UieHko

Bausinue miiasMoHHOTro 3¢ ¢geKra Ha TPUILIET-CHHIJVIETHBIN NePeHOoC JHEPIruM B
OKpPAalIeHHBIX IUIeHKaX JleHrmwopa—baomxxkerT

HccnenoBaHo BiIMsSHME IUIA3MOHHBIX HAHOYACTHI cepedpa Ha TPHUILUIET-CHHIJIETHBIA ITepPeHOC SHEPTUH B 10-
HOPHO-aKLENTOPHOH Mmape opraHnueckux kpacureneil. [lo texnomoruu Jlenrmiopa-bnomxerT OblIH MpUro-
TOBJIEHBI CIIOUCTBIE TJIEHKHM KpacuTeleill Ha MOBEPXHOCTH CTEKIa U OCTPOBKOBBLIX IUIEHOK cepebpa. B kaue-
CTBE JIOHOpPA U aKLENTOpa SHEPrHH ObUIM MCIOIb30BAaHBI aM(pU(HUIbHEIE aHAIOTH OCHIaJIbCKOTO PO30BOTO U
MONUMETHHOBOTO KpacuTens. MexIy MOHOCIOSIMH MOJIEKYJ JOHOPa M akKIenTopa ObUT HAHECEH MOHOCION
HoJMMepa JUIsl UCKITIOUYEHNST KOHKYPHPYIOIIETO TPHUIUICT-TPHILIETHOTO NepeHoca YHepruu. M3MepeHs! criek-
TPBI 3aMeJUIeHHOH (iryopecueHnny, GochopecneHnny JOHOPHO-aKIETOPHBIX IUICHOK W BPeMsl )KU3HH JUTH-
TENIPHOW JIIOMMHECHIEHIMH JOHOpPAa B 3TUX IUIEHKaxX. [lokazaHo, 94TO Ha OCTPOBKOBBIX IUIEHKax cepebpa
HaOJIfo1aeTCs TPEXKPAaTHOE YBEIMYEHHE MHTCHCHBHOCTH ()IyOPECHEHIMN U ABYXKpaTHOE yBEIMYECHUE WH-
TeHcHBHOCTH (hocdopecueHmu goHOpa. OO YCIEITHOM TPUIUIET-CHHIIIETHOM MIEPEHOCE SHEPTUU CBUICTENb-
CTBYET KaK TYIICHHE JJOHOPHBIX IIEHTPOB, TaK W MOSBICHNE CCHCHOMIN30BaHHON 3aMeATIEHHON (TyopecIieH-
I[UX aKLENTOpa ¢ JUIUTENHOCTHIO, OJIM3KOHM KO BPEMEHH JKH3HU TPHUILIETOB JOHOpa. B mpucyTcTBHM HaHOYaA-
cThll cepedpa, TOMHMO YCHJICHHS WHTEHCHBHOCTH M3IYYEHUsS IOHOpA, HaOMogaeTcs pocT 3G PEKTUBHOCTH
TPHUILIET-CUHIJIETHOTO MEpeHoca 3IeKTPOHHO sHepruu. [1oydeHHbIe pe3ynbTaThl MOTYT OBITh UCIIOIB30Ba-
HBI B PA3IMYHBIX ONTHYECKUX YCTPOHCTBAX.

Knroueegvie criosa: GeHranbCKuii po30BbIi, TOJUMETHHOBBII KpacHTe b, OCTPOBKOBAsI IICHKA cepebpa, rmas-
MOH, 3aMe/iicHHas (ayopecteHnus, (ocdopecieHiys, TPUIICT-CUHIJICTHBI MEPEHOC SHEPTUH, IUICHKU
Jlenrmiopa-bnomxert.
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