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In the present letter, we have report the changing optical properties of pseudoisocyan-
ine J-aggregates formed in electrolyte aqueous solution under agglomeration. The more
pronounced changes occur in the case of the luminescence characteristics, which reveal
about 30% improvement. The main reason has been supposed to be avoiding of the exciton
trapping by local defects due to the inter-aggregate excitonic excitations energy transfer
within the agglomerate.
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Hccnemopano umsmMeHeHUNE ONTUYECKUX CBOUCTBE J-arperaToB IICEBIOM3OLHAHUHA, CPOPMU-
POBaHHBIX B 9JI€KTPOJIMTHOM BOJHOM DPACTBOPe, IIPU HX arjomepanuu. Iloxkasawo, 4To Hau-
GospIire M3MEHEHUA IIPOUCXOLAT B CJHydae JIOMHUHECIEHTHLIX XAaPAKTEePHUCTUK, KOTODBIE
BRIABJIAOT Opubiausurenapuo 30% yayumnrenue. BBIIBUHYTO NPEAIIONOMKEHHUE, UTO IJIABHOMU
[IPAYUHON DTOr0 ABJIAETCA M30eKaHne 3aXBaTa YKCUTOHOB JOKAJIbHBIMHU Je(eKTaMU BCJIEICT-
BHe II€PEeHOCA PHEPIrHM dKCUTOHHBIX BO30OYKICHMI MeMIy arperaraMu B arjioMepaTax.

Bnane araomepanii J-arperariB mncespoizonianiny Ha IX ONTHYHI BJACTHBOCTI.
O.B. Copoxin, I.FO. Ponarosa, C.JI. €Epimosa, FO.B. Maxrwkin

Hocuimxeno aMiHy OITUYHUX BJACTUBOCTEH J-arperariB nceppoisonianiny, chopmoBaHux
y €JeKTPOJiTHOMY BOAHOMY po3uuHi, mpu ix araomeparnii. [loxkasawmo, mio maiibinpmii aminm
BizOyBamThCA y BHUIIQAKY JIOMiHECIEHTHUX XapaKTepPUCTUK, AKI BUSBIAKTbL IPUOIM3HO
30% uoxkpalrnenss. BucyHyTO IPUNYIIEHHS, [0 I'OJOBHOI IPUYMHOIO IBOTO € YHHUKHEHHS
3axBaTy EKCHTOHIB JIOKaApHUMHU Ae()eKTaMM BHACJIZOK II€epPEeHEeCeHHS eHeprii eKCUTOHHUX

30yI:KeHp MiXK arperaraMu B arjoMepaTax.

1. Introduction

Highly ordered luminescent aggregates
of organic dyes called J-aggregates are a
prominent example of supramolecular sys-
tems [1-9]. Typically, dye aggregation is un-
desirable process leading to dye lumines-
cence quenching due to an excitation energy
transfer over identical molecules in the ag-
glomerate (so-called homo-FRET) and an en-
hancement of non-radiative energy loss [10].
However, in the case of J-aggregates, the
dye molecules form ordered molecular
chains and due to translational symmetry
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the electronic excitation delocalizes over
segments of the molecular chains leading to
molecular excitons (Frenkel excitons) occcur-
rence [1-9]. As a result, J-aggregates dem-
onstrate a number of unique spectral prop-
erties, which are distinctly different from
those of the individual molecules constituting
the aggregate: very narrow as for organics spec-
tral lines (down to tens of em™1 at low tempera-
tures), near-resonant luminescence, large extinc-
tion coefficients (up to 108 em 1.M™1), giant
third-order optical nonlinearities (up to 10~
5 esu), exciton superradiance, energy migra-
tion up to micron distances, etc. [1-9]. Thus
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Fig. 1. Luminescent images of PIC J-aggregates: a) immediately after preparation, b) 1 day after

preparation.

they attract a great attention both as an
interesting low dimensional system for a
fundamental study of the excitonic dynam-
ics and as a perspective material for various
applications [1-9].

The well-known phenomenon for J-aggre-
gates is their further agglomeration espe-
cially in the presence of aggregation facili-
tating additives like salts, bases and so on
[11-15]. For example, well-studied pseudoi-
socyanine (PIC) J-aggregates have fiber-like
morphology with individual aggregate di-
ameter 2.8 nm [16], but in electrolyte aque-
ous solutions they agglomerate into much
larger "bundles™ [11,14,17]. Different de-
rivatives of 5,5’,6,6’-tetrachlorobenzimida-
carbocyanine (TDC) dye also forms bundles of
the fiber-like individual aggregates which in
their turn could have the tubular structure
[18-21].

However, the influence of J-aggregate
agglomeration on the optical properties is
not clearly understood and need to be stud-
ied. For example, in the case of amphi-PIC
J-aggregates broadening the luminescence
band with simultaneous decreasing the lu-
minescence decay time under agglomeration
was observed [13]. It was ascribed to effec-
tive luminescence quenching by the local
traps appeared on the contact sites between
individual J-aggregates [13]. For C8S3 J-ag-
gregates (one of TDC derivatives) much
more efficient exciton migration were found
in the case of aggregate bundles (average
exciton migration length of several hun-
dreds of nanometers) comparing with indi-
vidual aggregates (average exciton migra-
tion length of 140 nm) [22]. The later point-
ing to efficient energy transfer between
individual aggregates within the agglomer-
ate [22].
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In the present letter, we have reported
the optical changes for PIC J-aggregates in
electrolyte aqueous solution under their ag-
glomeration.

2. Experimental

Pseudoisocyanine dye (1,1’-diethyl-2,2’-
cyanine iodide, PIC) was purchased in
Sigma Aldrich (USA) and used without fur-
ther purification. Sample solutions were
prepared by dissolving PIC (0.5 mM) in an
aqueous NaCl (0.2 M) solution under moder-
ate heating (< 80 °C). Then the solutions
were cooled down to room temperature. For
microscopic investigations, a drop of the
sample solution was placed between a glass
slide and a cover slip.

Absorption spectra were registered using
a microspectrometer USB4000 (OceanOptics,
USA) supplied with an incandescent lamp.
Luminescence images and spectra were re-
corded using the luminescent microscope
MIKMED-2 var.11 (LOMO, Russia) coupled
both with Mpixels microscope digital cam-
era DCM510 (Oplenic Optronics, USA) and
microspectrometer USB4000 (OceanOptics,
USA) via a home-made fiber-optic adapter
attached to the 20X eyepiece. Spectral out-
put of the microspectrometer USB4000 was
calibrated using calibrated tungsten halogen
lamp HL-2000-CAL (OceanOptics, USA). Lu-
minescence was excited at 450-480 nm and
collected in the 560-700 nm spectral range.
Absolute quantum yield of photolumines-
cence for all solutions was measured using a
home-made integrating sphere (diameter of
100 mm), which provides a reflectance >
99% over the 400-1000 nm range. As an
excitation source, a Ar-laser (ModuLaser,
USA) line (A = 514 nm) was used. The abso-
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Fig. 2. Absorption (a) and luminescence (b) spectra of PIC J-aggregates: 1 — immediately after

preparation, 2 — 1 day after preparation.

lute quantum yield was calculated using the
two measurement method [23] taking into
account self-absorption correction of lumi-
nescence spectrum [24] due to a very small
Stockes shift characteristic for J-aggre-
gates. The experimental setup was adjusted
and tested on standard dyes such as rho-
damine 6G (in ethanol, C = 107 M, Q;; =
0.9435) resulting in + 5% accuracy which is
typical for such type of setup [23]. Lumi-
nescence decay spectra were registered
using FluoTime 200 lifetime spectrometer
(PicoQuant, Germany) equipped with 531
nm picosecond pulsed laser diode head. An
instrument response function (IRF) width
for the whole setup was 100 ps. The solid
sample holder was used to provide front
face illumination. For decay curves analysis
FluoFit software (PicoQuant, Germany) was
used.

3. Results and Discussion

As it was mentioned above, in electro-
lyte aqueous solutions PIC J-aggregates
thin fibers agglomerate into large bundles
[11,14,17]. However, this process is not in-
stantaneous and to get the solution with the
predominant large bundles takes about 24 h
[14]. Indeed, the freshly prepared solution
of PIC J-aggregates reveals bulky lumines-
cent "cloud” [14] with mainly small fibers
distinguished (Fig. 1la). This situation is
correspondent to the initial stage of bundles
formation so J-aggregates mainly present in
form of individual fibers or small bundles
which size couldn’t be resolved by optical
microscopy [11,14]. In 1 day after prepara-
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tion (Fig. 1b), the PIC J-aggregate solution
reveals mainly large fibers with diameters
up to 1 um and lengths up to hundreds of
microns, which undoubtedly are large bun-
dles [11,14].

Large bundles formation leads to PIC
J-aggregates optical properties modifica-
tion, especially luminescent ones (Figs. 2
and 3). Contrary to previously reported ob-
servation [14] absorption spectrum reveals
minor changes, although the excitonic
bathochomic band (J-band) slightly broaden
from Av;w’ﬁ,sf}}M ~ 185 em! to Av%%{}ﬂ[ﬁ%s ~
220 em™1 (Fig. 2a). As it well-known, J-ag-
gregate excitonic band width is dependent
on the exciton delocalization length Ne,
which is a number of coherently coupled
monomers and could be estimated as [7]:

AN 1 1)
¢ 2Viwan?

where AVESA, and AV, are full

widths at half maximum of the monomer
and J-bands, respectively. Using AVE§F s

= 990 cm™! for main electronic transition of
PIC monomers in the solution at low con-
centration [25,26] we obtain ch’“h ~ 44
and N bundles - 30, respectively. The exciton
delocalization length decreasing could be as-
signed with the static disorder decreasing in
J-aggregate agglomerates [27].

Contrary to J-band slight widening lumi-
nescence band of PIC J-aggregates became
narrower and slightly blue-shifted for bun-
dles (Fig. 2b). Such transformation is ac-
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companied by luminescence decay time in-
creasing from t/7¢sh ~ 1 ns to tbundles ~ 1.4
ns (Fig. 8) and luminescence quantum yield
increasing from mnfresh ~ 0.25 to mbundles ~
0.38. Such changes are opposite to those
observed for amphi-PIC J-aggregate agglom-
eration [13]. The PIC J-aggregate lumines-
cence characteristics enhancement could be
understand taking into account large-scale
exciton migration in J-aggregate agglomer-
ates with inter-aggregate energy transfer
found for C8S3 J-aggregates [22]. As PIC
J-aggregates have similar fiber-like mor-
phology with bundle formation we could
suppose similar effective exction migration
which is impossible for much smaller
amphi-PIC J-aggregates [13]. Due to the
inter-aggregate excitonic excitations energy
transfer within the agglomerate and quite
large the exciton delocalization length lead-
ing to smaller exciton-phonon coupling [28],
excitons in PIC J-aggregate bundles could
avoid the trapping by stronger static disor-
der and inter-aggregate boundary induced
defects. These defects supposed to be re-
sponsible for amphi-PIC J-aggregates lumi-
nescence properties degradation at the ag-
glomeration [13].

Moreover, the strong photobleaching for
PIC J-aggregates in solutions is well-known
[14]. It has been found [14] that pho-
tobleaching expanded from separated sites
of PIC fibers, possibly defected ones. We
found that photobleaching is much more
pronounced in the case of freshly prepared
samples, possibly leading to worse lumines-
cence characteristics. Indeed, successive
measurement of luminescent decays in the
same sample site results in monotonic lumi-
nescence decay curve shortening. We could
suppose that the J-aggregate agglomeration
leads to increasing photostability, particu-
larly, again, due to less efficient trapping
excitons by the defect sites.

It should be mentioned that further mor-
phology transformation into the crystallites
[14] which begin to develop after 1 week of
PIC J-aggregates preparation leads to sig-
nificant degradation of their optical proper-
ties. As an example, the luminescence decay
became a very short (¢¢¢® ~ 0.13 ns) with
the luminescence quantum yield decreasing
to mweek ~ 0.12 (Fig. 3).

4. Conclusions

The large agglomerates formation of PIC
J-aggregates in electrolyte solutions leads
to their luminescent characteristics en-
hancement despite the static disorder in-
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Fig. 3. Luminescence decay curves of PIC
J-aggregates: I — immediately after prepara-
tion, 2 — 1 day after preparation, 3 — 1 week
after preparation, 4 — IRF.

creasing. The main reasons for that sup-
posed to be effective inter-aggregate exci-
tonic excitations energy transfer, which in-
creases the exciton migration efficiency,
and increased J-aggregate photostability
within the agglomerates. So, for PIC J-ag-
gregate exploiting rather 1 day aged solu-
tion should be used instead the freshly pre-
pared one. However, overlong aging should
be prevented to avoid the J-aggregate opti-
cal properties degradation.
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