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Organic nanocrystals, ranging in crystal size from about tens of Scheme 1
nanometers to several hundred nanometers, have attracted great
interest in recent years, since they exhibit unique optical and
chemical properties which differ from those of isolated molecules
and the bulk solid state® For example, a blue shift in the
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absorption and emission peak wavelengths upon decreasing the PVA (5 wi%)

crystal size was observed for several organic nanocrystals, such as - water dispersion of spin coating

polydiacetylen® and perylen#:6 nanocrystals, although the size perylene nanocrystals

range for the effect is about 1 order of magnitude larger when 100,y was used to excite the perylene nanocrystal (see Supporting
compared to semiconductor quantum dots. Information for details}?

We have already demonstrated the use of a “reprecipitation  perylene nanocrystals have been reported to show size-dependent
method” for the fabrication of organic and polymer nanocryﬁal;. optical propertiede® Figure 1A shows the typical fluorescence
In this method, a dilute solution of the compound prepared using spectra of single isolated perylene nanocrystals dispersed in a PVA
a water-soluble solvent, i.e., a good solvent, is injected into fjm under ambient conditions. It was expected that only light
vigorously stirred water as a poor medium, and the compound is emissions from the self-trapped excitons, i.e., excimer emission,
reprecipitated in the form of nanocrystals from an aqueous medium, around 600 nm would be present, because of our detection region
usually in a stable dispersion (Scheme 1). The size and shape of(>510 nm) The emission spectra of individual nanocrystals
the resulting nanocrystals can be controlled by varying the indicate a red shift in the emission maxima as their intensity
reprecipitation and growth conditions, which allows us to deduce increased (see Supporting Information for details). As is well-
the nanocrystallization mechanigft. However, the nanocrystal-  known, the particle size dependence of emission maxima can be
lization processes, especially within several hours after reprecipi- explained in terms of lattice softening, which makes the intermo-
tation, have not yet been clarified for low-molecular-weight lecular interaction weaker and modifies the energy level of the
aromatic compounds such as perylene and anthracene, due to thexcimer state in the nanocrystaf
instability of the scattered intensity autocorrelation functions inthe ~ We examined the fluorescence properties as a function of the
dynamic light scattering (DLS) measuremetits. aging time in water. Figure 1B shows the histograms of the peak

Herein, we report our investigation of the growth dynamics of energy of the emission spectra observed at different aging times
single perylene nanocrystals in water from in situ and ex situ single- after reprecipitation. The peak energy decreased with increasing
particle fluorescence measurements. Single-particle fluorescenceaging time, especially within 2 h. It should be noted that the
spectroscopy has already yielded novel insights into the photo- broadening of the energy distribution was significantly reduced by
physics and photochemistry of inorganic and organic nano- 11 meV atthe aging time of 22 h. These experimental results clearly
crystals®10-12 We first examined the spectral characteristics of suggest that the crystal size increased with increasing aging time,
perylene nanocrystals dispersed in a poly(vinyl alcohol) (PVA) as expected.
matrix. We then determined the diffusion coefficiem®)(and As shown in Figure 1C, we also found two types of fluorescence
diameter @) of individual perylene nanocrystals using an in situ time trajectories: with a constant intensity and with intensity
optical imaging technique, and we discuss the growth processes offluctuations. About 10% of all the perylene nanocrystals show a
the perylene nanocrystals in water. fluctuation behavior, especially for fluorescent spots with a weak

Perylene was used as an active material to prepare nanocrystalétensity. The observed fluctuation of the fluorescence intensity can
using the reprecipitation meth88A suspension of nanocrystals ~ be explained in terms of an energy funneling at the trap &ites.
containing PVA (5 wt %) was spin-coated onto a clean glass cover We now focused on the growth processes of the perylene
slip. For the in situ observations, a drop of the perylene nanocrystal Nanocrystals in water. Figure 2A shows the in situ fluorescence
suspension was sandwiched between a hole-slide glass and &mages observed during the 488-nm excitation for single perylene
coverslip. The experimental setup is based on using a wide-field Nanocrystals in water after reprecipitatifnWe analyzed the
fluorescence microscope (Olympus IX71). Light emitted from a trajectories of the single nanocrystéisan example of which is
continuous-wave Ar ion laser (488 nm, 10 mW, Melles Griot) Shown in the inset of Figure 2B, and then determined the diameter
passing through an objective lens (Olympus, PlanApo, 1.45 NA, (dsg) of the perylene nanocrystals on the basis of the Stokes

Einstein relation (Figure 2B% As shown in Figure 2C, both the
t Osaka University. pumber and. thg weigh't-averfage .diametlw)(o.f the nanocrystgls
*Tohoku University. increased with increasing aging time. In particular, a “burst” in the
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Figure 1. (A) Typical fluorescence spectra observed during the 488-nm
excitation for single perylene nanocrystals in a PVA filmlah after
reprecipitation. Dotted lines indicate the peak wavelength. (B) Histograms
of emission maxima of the fluorescence spectra. Solid lines indicate
Gaussian distributions fitted with the histograms. (C) Typical trajectories
of fluorescence intensity.
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Figure 2. (A) Fluorescence images observed for single nanoperylene
crystals in water after reprecipitation (scale bar is /&@). (B) Size
distribution of perylene nanocrystals in water observed at different aging

times. Inset shows the trajectory of the nanocrystal movement (scale bar is

10um). (C) Aging time dependence of the number and the weight-average
diameter ¢w) of perylene nanocrystals in water.

number and size of the nanocrystals ocadire h after the
reprecipitation.

Considering the crystallization processes of perylene in water,
after reprecipitation, the clusters are probably formed from fine
droplets via mutual diffusion of the good solvent and watéhe

dissolved molecules can quickly make contact with the water phase

and rapidly form clusters. The clusters then aggregate to form the
initial nanoparticles, such as amorphous nanoparticles of per§lene,
within 30 min after reprecipitation. We believe that the metastable

intermediates, such as the clusters and initial nanoparticles, are

relevant for the early stages of nucleation and growth of the organic
nanocrystals. Most initial nanoparticles grow or aggregate to form
the seed nanocrystals within 30 mio 1 h after reprecipitation.
This growth process is confirmed by the fact that significant

increases in the number and size of the perylene nanocrystals in

water were obsereel h after reprecipitation. At this stage, the

seed nanocrystals coexist with the growing nanocrystals, resulting
in the broad distribution of the emission maxima and size of the
nanocrystals, as shown in Figures 1B and 2B, respectively. The
crystal size determined by in situ single-particle fluorescence

measurements is quite consistent with those obtained from the DLS
and scanning electron microscopy (SEM) measureniéieentu-

ally, the seed nanocrystals grow to produce large nanocrystals of
>100 nm and almost the sameform crystal structure as the
perylene bulk crystal&:1?

In conclusion, we directly observed the growth processes of
fluorescent perylene nanocrystals, which are fabricated by the
reprecipitation method, using in situ and ex-situ single-particle
fluorescence spectroscopies. Our method can provide further insight
into the crystallization mechanism of organic nanocrystals. In the
future, the influences of fundamental factors, such as temperature
and the physical properties of good solvents, on the growth
processes of organic nanocrystals will be carefully studied at the
single-particle level.
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