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The luminescence-based technique is proposed that permits to control the interaction processes of molecular and
polymolecular forms of the anionic dye AgHal emulsions, responsible for the self-desensitization. It is found that the
characteristic feature of the I-kind self-desensitization is the molecular dye phosphorescence occurring upon the immediate
transfer of the non-equilibrium electrons and holes from the excited J-aggregate to the molecular dye. The characteristic feature
of the II-kind self-desensitization is the anomalously retarded anti-Stokes fluorescence of the molecular dye associated with the
transfer of the non-equilibrium electrons from the excited J-aggregate to silver in the atomic-molecular degree of dispersion,
part of which can afterwards be transferred to the molecular dye and recombine there with the localized non-equilibrium holes.

Additional infra-red illumination enabled us to show experimentally that the anomalously retarded anti-Stokes
luminescence of the molecular dye and the phosphorescence of the molecular dye upon excitation of the dye J-aggregates,
take place in different dye molecules and are determined by different electron-hole processes and different interactions of the
molecules with the dye J-aggregates.
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VY po6oTi 3anponoHOBaHa JIOMIHECIICHTHA METOANKA, 10 JO3BOJISIE KOHTPOJIOBATH NPOLECH B3a€MOJIii MOJIEKYISIPHUX Ta
nosiMosieKysipHux ¢popm anionHoro 6apsuuka y AgHal emynbcisx, siki BiJIOBiabHi 3a caMoeCceHCHOmi3arIuio.

3’sicoBaHo, moO 0coOMuBiCTH camonecencuoOinmizanuii I-pony momsrae y docdopecuenuii mMoiekyaspHoro OapBHHUKA,
sika BinOyBaeThes mpu Oe3mocepeHbOMY IepelaBaHHI HEPIBHOBAXKHHUX EJIEKTPOHIB Ta AIpoK Bix 30ymkeHoro J-arperary
MOJICKYJISIpHOMY  OapBHUKY. OcoOiuBicTh camonmeceHcuOimizanuii Il-pomy € aHTHCTOKCOBa aHOMAalbHO CIIOBIJIbHCHA
(uyopecueHIis MOJEKYJIIpHOro OapBHHMKA, sKa IIOB’s3aHA 3 IepeJaBaHHSAM HEPIBHOBa)XKHHX EJCKTPOHIB Bijx 30y KEHOTro
J-arperary GapBHUKa CpiOIy aTOMHO-MOJEKYISPHOI JUCTIEPCHOCTI, YaCTHHA 3 IKUX MOTIM MOXE MEPeIaBaTUCI MOJICKYIIPHOMY
0apBHUKY Ta peKOMOIHYBaTH TaM 3 JIOKATi30BAHHMHU HEPiBHOBAKHUMH JipKaMHU.

JlonatkoBe iH(pauepBOHE CBITIIO JO3BOJMIO EKCIEPUMEHTAIBHO MTOKA3aTH, [0 aHTUCTOKCOBAa aHOMAaJbHO CIOBINIbHEHA
¢yopecueHuis MoyeKynspHOTO OapBHUKa Ta (GochopecieHIlis MOoJeKyaspHoro OapBHHKa mOpu 30ymKeHHI J-arperaris
OapBHMKA, MAIOTh BiIHOLICHHS 10 Pi3HUX MOJIEKYJ OapBHHMKA Ta BU3HAYAKOTHCS PI3HUMHU €IEKTPOHHO-1iPKOBUMH MPOLIECAMHU Ta
PI3HO B3a€EMOJII€X0 MOJICKYI 3 J-arperaramu GapBHHKA.

KurouoBi ciioBa: moMiHecIeHIlisT; OapBHUK; arperar; cCaMoIeCeHCHO1Ti3alis.

B pabore mpepioxkeHa JIOMHHECHECHTHAs METOJAMKA, MO3BOJISIONIAS KOHTPOJIMPOBATH MPOLECCH B3aHMMOJCHCTBHS
MOJICKYJSIDHBIX W NOJUMOJICKYJISIPHBIX (OpM aHMOHHOTO Kpacutenss B AgHal 5SMynbcHsX, OTBETCTBEHHBIE 3a
CaMO/IeCeHCHONITH3AIIHIO.

BrIsicHEHO, 4YTO OTIMYUTENBHOW OCOOEHHOCTBIO camojeceHcuOunm3anun I-poga sBigercs docdopecueHnns
MOJIEKYJISIPHOTO KPacUTEeNsl, KOTOpasi MPOMCXOAMT IIPU HEMOCPEACTBEHHOM Mepe/iaye HEPaBHOBECHBIX 3JEKTPOHOB M JBIPOK OT
BO30Y)XJEHHOTO J-arperara MOJIEKYJISIpPHOMY KpacuTento. OTINYHTENbHOI 0COOCHHOCTBIO camojeceHcubOmmmzannn II-pona
SBJISIETCSl AHTUCTOKCOBAsE aHOMAJILHO 3aMeUIeHHAs (IIyOpPECLEeHIMs MOJICKYIIPHOTO KpAacUTels, KOTOpas CBs3aHa ¢ nepenadeit
HEPABHOBECHBIX JICKTPOHOB OT BO30Y K ICHHOTO J-arperara KpacuTels cepedpy aTOMHO-MOJICKYISPHON CTEIICHN AUCIEPCHOCTH,
4acTh U3 KOTOPBIX 3aTE€M MOXKET IepeJaBaThcs MOJCKYISIPHOMY KpPAacHTENII0 M PEeKOMOMHHPOBATH TaM C JIOKAJIM30BAHHBIMHU
HEPaBHOBECHBIMU JBIPKAMHU.

JlononuuTenbHass MHQpPaKpacHas MOJCBETKA MO3BOJMIA HKCIEPUMEHTAIBHO OKa3aTh, YTO AHTUCTOKCOBAas aHOMAJIbHO
3aMe/uIeHHast (IIyOpEeCIeHIMs MOJICKYJISIPHOTO KpacuTels U GpochopecueHIns MOJICKYISIPHOTO KPACUTENs IPU BO30YKACHUN
J-arperatoB KpacHTeNs, OTHOCATCS K Pa3HBIM MOJIEKyJaM KPAacHTENs M ONPEACISIOTCS PAa3HBIMHU JJIEKTPOHHO-IBIPOYHBIMU
MPOLECCaMH M pa3IHYHBIM B3aUMOJEHCTBHEM MOJIEKYI ¢ J-arperaraMu KpacuTels.

KoioueBble c/10Ba: JIOMUHECIEHIMS; KPACUTEIIb; arperar; caMo3anycKaeMoCTh.
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Introduction

Molecules and aggregates of molecules of a dye
efficiently absorb the light radiation of various spectral
ranges and can transfer this excitation to various optically
active compounds, for example, to silver halides, which is
widelyused for their spectral sensitization, or to the titanium-
dioxide quantum dots, being important components of the
photochemical cell optoelectronic devices [1].

In all such processes, the excitation transfer from
the dye is determined by the transmission efficiency of
the photoexcited electrons and holes to the active centers
[2]. However, not all the electrons and holes photoexcited
in the dye reach these centers; a part of them can be lost
due to recombination in the dye itself — a so called self-
desensitization effect [3].

For the photographic emulsions, in [4-6] the two types
of self-desensitization were defined:

- if an electron and a hole of the photoexcited dye
recombine inside the dye, without getting outside its
boundaries, such a process leads to the self-desensitization
of the I kind;

- otherwise, an electron of the photoexcited dye is
delivered to the active center while a hole remains within
the dye thus forming the cation-radical of the dye (Dy").
After this, Dy" traps an electron of the active center
which, in turn, either due to relaxation or in the course of
recombination, transits to the ground non-excited state.
This process of the electron-hole recombination is most
probable for the J-aggregated dyes and is called self-
desensitization of the II kind.

Accordingly, in order to evaluate and to control
the efficiency of the dye utilization in all branches of
its application, one needs to recognize the processes of
interaction of J-aggregated and molecular dye forms which
induce the self-desensitization processes [7] in the studied
system and thus decrease the dye efficiency. For the silver
halides this is a hard task when based exclusively on the
spectral sensitometric data [4]; that is why in this work
we study possibilities of the luminescence technique that
would primarily allow to control the processes of interaction
between the molecular and polymolecular forms of the dye,
responsible for the self-desensitization.

Experimental results

The luminescence measurements of the samples
were conducted at T = 77 K with the experimental setup
enabled registration of the luminescence spectra in the
following regime. The excitement lasts ~ 10* s, then
the “dark” interval of duration ~ 10 s takes place, and
only afterwards the luminescence registration starts and
continues for ~ 10 s. This cycle repeats periodically with
frequency 800 Hz.

This mode of registration permits to exclude the
contribution of fluorescence (decay time 7 < 102 s), and to
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register only the phosphorescence and anomalously retarded
fluorescence (ARF) (z > 107%) [8], which are generally
responsible for the self-desensitization processes. To clarify
the role of the non-equilibrium charge-carriers’ localization
in the luminescence process, we employ the additional
illumination by the IR light, obtained from non-modulated
radiation of the KGM lamp (50 W) transmitted through a
2-mm thick germanium light filter (A, > 1000 nm).

As an object of the luminescence study, we choose
the homogeneous emulsion containing cubic microcrystals
(MC) AgBrl (3% Agl) with the mean size d = 0.24 um,
formed in the gelatin medium by means of the two-stream
emulsification during which concentration of the bromine
or silver ions in the course of synthesis was kept constant
within the limits pBr 2 to pBr 7.5 and was controlled by the
ionometer [9]. In the fabricated emulsion, the content of the
silver and bromine ions in the solution was correctable by
adding solutions of KBr or AgNO..

The spectral sensitization of the emulsion was performed
by the anionic panchromatic J-aggregating dye — 3,3’-di-y-
sulfopropyl-9-ethyl-4,5,4”5’-dibenzothiacarbocyaninebetaine
pyridinium salt (Dy in further references).

In Fig. 1 the spectra are presented of the low-temperature
(T =77 K) luminescence and of the luminescence excitation
for the AgBrl emulsion (pBr 2) upon the introduced dye
concentration C, = 0, as well as C, = 10 mole Dy/mole
AgBr. For the sample without dye (CDy = 0), the single
luminescence band is observed in the green spectral segment
with & = 540-570 nm, stipulated by presence of the twin
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Fig. 1. Spectra of (a) excitation and (b) luminescence at
T =77 K for the emulsion AgBrl (3% Agl) with pBr 2
for the introduced dye concentration: Cp,=0—curves 1’,
1, 2-dashed; C, = 105 (mole Dy/mole AgBr) — curves
2’, 3, 4-dashed.

(a) The excitation spectra are recorded for the
luminescence bands with the wavelength A: 1°— 560 nm;
2> —750 nm.

(b) The luminescence spectra are recorded for the
excitation with wavelength A: 1,2, 3, 4 —450 nm; dashed
2 and 4 — in conditions of additional IR illumination
with A > 1000 nm.
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iodine centers I-I- localized at the surfaces of the AgBrl
MC [10,11] (Fig. 1b, curve 1); excitation of this band is
characterized by the single maximum at A_ = 450-470 nm
and corresponds to the intrinsic absorption edge of AgBrl MC
(Fig. 1a, curve 1”). Upon the IR action, emission in the green
range with A, = 540-570 nm shows the decrease of intensity
— the luminescence quenching (Fig. 1b, dashed curve 2).

Emergence of the green luminescence is described
by the following scheme. Initially, under the action of
monochromatic light with A = 450 nm, due to absorption
of photons with energy hv_, free electrons and holes are
generated, correspondingly, in the conduction band (CB)
and in the valence band of the AgBrl MC: AgBrl + hv__
— ¢ + p. Further, the holes are trapped by the I-I- centers
consisting of the dopant iodine ions situated on the AgBrl
MC surface in the adjacent lattice sites [10,11]. After
this, the electrons from the CB recombine with the holes
localized by the iodine twin centers with emission of a
quantum of the green luminescence hv, = 540-570 nm:

IT+e+p—TII"+e —IT+hv . (1)

The lifetime of electrons in the CB and, respectively,
duration of the green-band phosphorescence is determined
by the concentration of the interstitial silver ions Ag’,
which act as shallow traps for the photoelectrons [12].

In the luminescence spectrum of the emulsion with
introduced dye (C, = 10° mole Dy/mole AgBr, pBr 2)
obtained when the edge of intrinsic absorption of the AgBrl
MC is excited by monochromatic light with A =450 nm, along
with the green emission band of the twin iodine centers with
A .. = 540-570 nm, the two additional bands are observed
withk ~=640nmandA =750 nm (Fig. 1b, curve 3).

According to references [13,14], the luminescence
band with = 640 nm is associated with the ARF of
the dye adsorbed on the surface of the AgBrl MC in the
molecular state (M, ).

Following to our data [15-17], the luminescence
band with A_ = 750 nm is related with the presence of
(I'T" - Ag,") centers in the AgBrl MC, whose formation,
upon adsorption of the dye on the MC surface, is realized
according to the scheme:

(IT-Ag") +Kp’ — (IT - Ag") + Kp" + Ag', — (IT -
Ag,’) +Kp*
where Ag*. denotes an interstitial silver ion.

In this case, for excitation by light from the intrinsic
absorption range of AgBrl MC, origination of the
luminescence with A = 750 nm can be described by the
scheme:

AgBrl +hv_ —e+p;

(IT-Ag)+e+p—(I1°-Ag’) — (IT-Ag,)+hv, .(2)
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For the green-band luminescence, at the given dye
concentration, the excitation is characterized, as before,
by a single maximum in the excitation spectrum with
A, = 450-470 nm. In the excitation spectrum of the
luminescence with A = 750 nm, an additional band
appears with A = 600 nm (Fig. la, curve 2’), that
corresponds to the molecular dye absorption range. Upon
the sample excitation by the monochromatic light (A =450
nm) and under the action of additional IR illumination (A >
1000 nm), the luminescence bands with X, =550 and 640
nm experience the decay of the emission intensity — the
luminescence quenching, whereas the band of & = 750
nm shows noticeable intensity increase — the luminescence
enhancement (Fig. 1b, dashed curve 4).

In our opinion, the fact that IR illumination
contributes to the emission increase in this luminescence
band, testifies that the emission of the (I'T" - Ag,")-centers
with A= 750 nm is determined by recombination along
the scheme (2). According to the mechanism proposed,
the luminescence of the (I'T" - Ag,”) centers can increase
due to the IR illumination, which provides the observed
luminescence enhancement; at the same time, in the
luminescence band with & = 550-560 nm, emerging from
the recombination of the holes localized in the twin iodine
centers at the MC surface with the free electrons in the
conduction band (scheme (1)), the luminescence quenching
will be observed.

With further growth of concentration of the dye
introduced into the emulsion €y, = 10 mole Dy/mole
AgBr) and pBr 2, excitation of the green luminescence
associated with the twin iodine centers A = 540-570 nm
(Fig. 2a, curve 1’) is no longer characterized by a single
maximum but shows the two ones at A = 450-470 nm and
at A = 670-690 nm. The maximum of A = 670-690 nm
was never observed previously, and it corresponds to the
absorption band of the polymolecular dye associations, so
called J-aggregates of the dye [19].

Upon excitation of the absorption band of the
J-aggregated dye by monochromatic light with A = 670
nm, in the luminescence spectrum (Fig. 2b, curve 3), four
emission bands are observed: (i) The anti-Stokes emission
band of the twin iodine centers at & = 540-570 nm; (ii)
ARF of the molecular dye at A_ = 610-640 nm that was
first observed by us [20]; (iii)) The luminescence band
caused by the presence of (I'T" - Ag ") centers with A =
750 nm, and (iv) the band with & _ = 800 nm.

For the first time, the emission band of A =
800 nm excited by light from the absorption range of the
dye J-aggregate was observed in [20]. The spectral position
of this band coincides with the maximum of the molecular
dye phosphorescence in gelatin, upon its excitation from
the molecular dye absorption band with A = 600 nm. On
the other hand, it is known [21] that the dye in the J-state
in gelatin, as well as the molecular dye adsorbed at the
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Fig. 2. Spectra of excitation (a) and of luminescence (b)
at T=77 K of the emulsion AgBrl (3% Agl), pBr 2 with
the introduced dye concentration CDy=10'4 (mole Dy/mole
AgBr)
(a) The excitation spectraare recorded for the luminescence
bands with A: 1’ — 560 nm; 2’ — 750 nm; 3’ — 800 nm.
(b) The luminescence spectra are recorded for the
excitation by the light with wavelength A: 1, dashed 2 —
450 nm; 3 — 670 nm, dashed 2 —additional IR illumination
with A > 1000 nm.
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surface of MC AgHal, show no phosphorescence. This fact
permitted us to conclude [20] that this band is associated
with the molecular dye phosphorescence (M, ).

In Fig. 3, spectra of excitation and of the low-temperature
luminescence are presented for the emulsion containing the
dye CDy= 5 10* (mole Dy/mole AgBr), in which the content of
the silver ions was changed to pBr 7.5. Upon excitation from
the absorption range of the silver halide (A, = 450-460 nm),
the emission spectrum contains the emission band of the twin
iodine centers &, = 560-570 nm and the band corresponding
to luminescence of the (I'T - Ag,") centers A= 750 nm
(Fig. 3b, curve 1), whose emission is efficiently excited
from the absorption band of the silver halide MC (A, =
450-460 nm) and from the absorption range of the
J-aggregated dye A_ = 690 nm (Fig. 3a, curve 1’). Under
the action of the additional long-wave light A, > 1000 nm,
in the excitation spectrum there occurs quenching of the
green Stokes luminescence of the twin iodine centers A =
450-460 nm, equally as the quenching of the anti-Stokes
luminescence A_ = 690 nm (Fig. 3a, dashed curve 2°).

Upon exciting from the absorption range of the
J-aggregated dye (A = 670-690 nm), the luminescence
spectrum of the emulsion sample consists of the emission
band of the (I'T - Ag,")- centers (A = 750 nm) and the
overlapping band of the molecular dye phosphorescence
(A, = 800 nm); because of the strong overlapping, the
common maximum of those bands appears at A = 780 nm.
It should be emphasized that the anti-Stokes ARF of the
molecular dye at A = 620-640 nm is not observed in this
case.

The excitation spectrum of the molecular dye
phosphorescence with A = 800 nm (Fig. 3a, curve 3’)
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Fig. 3. Spectra of excitation (a) and of luminescence (b,
¢) at T=77 K of the emulsion sample AgBrl (3% Agl),
pBr 7.5 with the introduced dye concentration C;, =5 10
(mole Dy/mole AgBr). (c) Luminescence spectra of the
emulsion AgBrI (3% Agl) and pBr 4 with the introduced
dye concentration C,, =5 10 (mole Dy/mole AgBr) and
with the additionally introduced supersensitizer SS C , =
6 107 (mole SS/mole AgBr).

(a) The excitation spectraare recorded for the luminescence
bands with wavelengths A: 1°, 2’ — 560 nm; 3°, 4’ — 800
nm. The excitation spectra 2°, 4’ were obtained under
additional IR illumination with A > 1000 nm

(b) The luminescence spectrum is recorded upon excitation
by the monochromatic light with the wavelength A: 1° —
450 nm; 2’ — 690 nm.

(c) The luminescence spectrum is recorded upon
excitation by light with the wavelength A = 670 nm. The
additional IR illumination (A > 1000 nm) was applied for
recording the dashed curve 2.

contains three bands: the first one belongs to the
absorption band of the silver halide MC (= 450-
460 nm), the second one coincides with the absorption
range of the molecular dye and the third one — with the
absorption range of the J-aggregated dye at A = 630
and A_ = 690 nm, correspondingly. The additional IR
illumination A, > 1000 nm induces strong quenching
of the luminescence intensity within the silver halide
absorption range A_ = 450-460 nm and weak quenching
within the absorption range of the molecular dye A =
630 nm; in the absorption range of the J-aggregated dye
A, = 690 nm, no luminescence quenching is observed
(Fig. 3a, curve 4°).

In Fig 3c, the luminescence spectra are presented of
the emulsion AgBrl (3% Agl) with pBr 4 for the introduced
dye concentration CDy =5-10-4 (mole Dy/mole AgBr), and
with additionally introduced supersensitizer C, = 6 107
(mole SS/mole AgBr). As a supersensitizer, the undyed
organic compound di(n-anizil)-fenilphosfin was used. As is
shown in [4], the supersensitizers can change the charge
state of the silver centers and promote their transformation
into the complexes of the atomic-molecular degree of

dispersion.
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When this emulsion is excited by the light from the
absorption band of the dye J-aggregate (A = 690 nm), as
before, the luminescence spectrum contains the emission
bands: the anti-Stokes luminescence of the twin iodine
centers (A _ = 560-570 nm), the anti-Stokes ARF of the
molecular dye & = 630 nm and the luminescence band
of the (I'T - Ag,")-centers (A = 750 nm). Noticeably, the
phosphorescence band of the molecular dye (A = 800 nm),
upon excitation of the J-aggregated dye, is absent in this
case (Fig. 3c, curve 1). Under the action of the additional IR
illumination A > 1000 nm, both the anti-Stokes luminescence
of the twin iodine centers and the anti-Stokes ARF of
the molecular dye experience remarkable luminescence
quenching whereas the emission of the (I'T" - Ag,")-centers
is enhanced (Fig. 3¢, dashed curve 2).

Discussion of the results

As can be seen from the presented experimental data,
the luminescence-based technique permits to establish the
correspondence between the self-desensitization processes
that occur in the anionic dye J-aggregates adsorbed on the
surface of AgBrl MC upon the J-aggregate excitation, and
the specific luminescence bands that can be used for the
control and evaluation of the self-desensitization processes
in the AgBrl MC. These are the Anti-Stokes ARF of the
molecular dye M, .. (A = 610-640 nm) responsible for the
I-kind self-desensitization, and the phosphorescence of the
molecular dye (A, = 800 nm) responsible for the II-kind
self-desensitization.

The following facts testify in favor of this supposition.
The ARF of the molecular dye, upon excitation by the
light from the absorption range of the J-aggregated dye,
experiences the strong influence of the IR illumination and
of the variable concentration of silver ions on the surface
of the AgBrl MC (Fig. 2a and Fig. 3). Consequently, the
anti-Stokes ARF of the molecular dye realizes a channel
for the photoexcitation transfer from the J-aggregate to the
molecular dye that is controlled by the silver centers of the
atomic-molecular degree of dispersion situated at the surface
of the AgBrI MC. This provides a ground for the conjecture
that this channel is responsible for the self-desensitization
of the II kind.

Different reactions of the fluorescence excitation bands
to the additional IR illumination supply supplementary
ways for the self-desensitization control. For example, upon
excitation from the absorption range of the molecular dye,
the phosphorescence quenches under the IR action whereas
the molecular dye phosphorescence excited by the light from
the absorption range of the J-aggregated dye experiences
no effect of the IR radiation (Fig. 3a, dashed curve 4°). As
a result, for the phosphorescence of the molecular dye on
the AgBrl MC surface, excitation is transferred from the
J-aggregate to the molecular dye via the channel in which the
silver centers of the atomic-molecular degree of dispersion
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take no part. This leads to a suggestion that this channel of
recombination is responsible for the self-desensitization of
the I kind.

Mechanisms of the non-equilibrium electrons and
holes’ transition from the photoexcited J-aggregated dye to
the molecular dye where the recombination takes place that
gives rise to these luminescence bands, are considered in
detail elsewhere [18,20].

Also, the presented results form the basis for
an assumption that the anti-Stokes ARF and the
phosphorescence, upon excitation from the absorption range
of the J-aggregated dye (A =690 nm), appear as a response
of the dye molecules that undergo different interactions with
the dye J-aggregates. This assumption is supported by the
observation that, after introduction of the supersensitizer,
the non-equilibrium charge-carriers’ transfer from the
J-aggregate to the molecular dye decreases, and only
the ARF of the molecular dye is observed. An additional
support to this view follows from the fact that the change of
the silver ions’ contents on the MC surface contributes to the
decay of the molecular dye ARF.

It should be noted that account for the self-
desensitization processes is especially essential for the
case of spectral sensitization of fine-dispersed silver-halide
emulsions used in holography.

Conclusion

1. A luminescence-based technique is proposed that
enables to control the processes of interaction between the
molecular and polymolecular forms of the dye adsorbed on
the surface of AgBrl microcrystals, which are responsible for
the self-desensitization of the I and II kinds. The technique
can be applied for the control of the self-desensitization
processes in the system.

2. It is revealed that upon excitation of the dye
J-aggregates, the I-kind self-desensitization occurs due to
immediate transmission of the non-equilibrium electrons
and holes from the J-aggregate to the molecular dye, which
entails the molecular dye phosphorescence.

3. The II-kind self-desensitization processes, upon
excitation of the dye J-aggregates, are associated with the
transmission of electrons from the J-aggregated dye to silver
centers of the atomic-molecular degree of dispersion; a part
of'the electrons can pass to the energy levels of the molecular
dye and recombine with the localized holes. Evolution of
the II-kind self-desensitization processes with excitation
of the dye J-aggregates is accompanied by the anti-Stokes
anomalously retarded fluorescence of the molecular dye.

4. It is shown that the anti-Stokes anomalously retarded
luminescence of the molecular dye and the phosphorescence
of the molecular dye upon excitation of the dye J-aggregates
are related to different dye molecules and are determined
by different electron-hole processes and by different
interactions of the molecules with the dye J-aggregates.
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