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Crystal Growth of Perylene Microcrystals in the Reprecipitation Method
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The crystal growth of a-perylene microcrystals in the reprecipitation method was studied using of light-scattering
technique and absorption spectroscopy. A certain model for microcrystallization has been established. The relationship
between the reprecipitation conditions and the crystal size was clarified on the basis of this model. Especially, the water
temperature was confirmed to be one of the most important parameters used to control the size of the microcrystals in the
reprecipitation method. The apparent activation energy for the microcrystallization of perylene was estimated to be 68

kI mol ™.

There are many fascinating phenomena in nanome-
ter-order microcrystals.'® Some scientists have theoret-
ically predicted that an electron-hole interaction in a
semiconductor microcrystal would be different from that
in the same bulk crystal, owing to a quantum-confine-
ment effect.> ™ In fact, the nonlinear optical (NLO) prop-
erties of semiconductors were reported to be enhanced
through microcrystallization.”® In organics, multiple quan-
tum wells produced by means of a molecular-beam depo-
sition technique exhibited a one-dimensional confinement
effect, which affected such optical properties as the ab-
sorption and emission.* 'Y Organic microcrystals, however,
have so far been paid little attention, because of fabrication
difficulties.'*'

We have succeeded in preparing some organic micro-
crystals by the reprecipitation method,' and have found
some interesting optical properties.’>=*Y For example, even
though the crystal size of prepared perylene microcrystals
was greater than 100 nm, the absorption and emission spec-
tra were observed to be clearly dependent on the crystal
size.’>'® Microcrystal dispersion liquids hardly scatter light,
because the crystal size is usually smaller than the incident-
light wavelength. In addition, microcrystals were stably dis-
persed for more than half a year. Therefore, some polydiacet-
ylene microcrystal dispersion liquids with a low optical-loss
and a large ¥® system were expected to be promising opti-
cal Kerr shutter materials, even in the case of a concentrated
dispersion. 202D

We also tried to clarify the crystal-growth mechanism of
microcrystals in the reprecipitation process in order to pre-
pare smaller microcrystals.”>* As a result, in most of the
compounds, like diacetylene and dyes, microcrystallization
was found to be completed just after reprecipitation. In the
present study, we investigated the crystal-growth process of
perylene microcrystals by measuring the light scattering and
absorption spectroscopy; another mechanism involving mi-
crocrystallization in the reprecipitation method will also be
discussed.
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Experimental
Preparation of Perylene Microcrystals.  The perylene used

was purified by vacuum sublimation, and succeeding zone refin-
ing. The typical condition for preparing perylene microcrystals by
the reprecipitation method was as follows:'? 0.1 ml of a perylene
acetone solution (ca. 107> M) (1 M = 1 moldm™?) was quickly
injected using a microsyringe into 10 ml of distilled water stirred
vigorously at room temperature. As a result, perylene microcrystals
were found as a pale-yellow water dispersion.

Spectroscopy and Scanning Electron Microscope. The UV-
visible absorption spectra of perylene microcrystals dispersed in
water were measured using a Shimadzu UV-240. The size and
shape of the microcrystals were observed by means of a Hitachi S-
900 scanning electron microscope (SEM). The size and its distribu-
tion of microcrystals dispersed in water were also evaluated by the
dynamic light-scattering (DLS) technique using Otsuka Electron-
ics DLS-7000. The static scattered light intensity (SLS) from the
microcrystal dispersion was also monitored by the same instrument.

Results

Absorption Spectra of Perylene Microcrystals in the
Preparation Process.  Figure 1 shows the change in the
absorption spectra of perylene microcrystals with the elapsed
time after injection of the solution at room temperature. The
excitonic absorption-peak positions were shifted from 451
to 460 nm within three hours, and the peak half-width be-
came broad within the same period. As already reported
elsewhere,' the excitonic absorption peak positions in the
steady-state were around 450 and 470 nm for 50 and 200 nm
in crystal size, respectively. The absorption spectrum of a-
perylene bulk crystals had been measured through the (001)
plane a long time ago.?” There, in the case of using light
polarized parallel to the b-axis, the excitonic absorption peak
position was reported to be 21400 cm ! (467 nm). Thus, the
spectral changes shown in Fig. 1 are considered to reflect the
crystal growth of microcrystals. The absorption peak shifted
to a longer wavelength and their broadening occurred more
rapidly at higher temperature.
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Fig. 1. Change of absorption spectra of perylene microcrys-

tals after injection at room temperature in the reprecipitation
method.

SEM Observation of Perylene Microcrystals with Dif-
ferent Sizes. Figure 2 shows SEM micrographs of perylene
microcrystals which were collected on a Millipore filter after
filtration. Two kinds of samples were prepared under differ-
ent reprecipitation conditions: Sample (a) was obtained by
heating for three hours at 70 °C, and cooling down to r.t.;
sample (b) was obtained by keeping for 16 h at 7 °C, and
keeping back to r.t. The crystal sizes of both samples (a) and
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(b) were determined to be about 200 nm and about 120 nm
from SEM observations, respectively. These values agreed
roughly with those determined by DLS.

Morphology of Perylene Microcrystals Prepared. The
crystal structure of perylene microcrystals was clarified to be
of the a-type by measurements with X-ray power diffrac-
tion, the pattern of which was almost similar to that of bulk
crystals.

SLS Measurements of Water Dispersion of Perylene
Microcrystals in the Preparation Process. The intensity
of SLS (I;) was monitored during the microcrystallization
process in the reprecipitation method. Figure 3 indicates the
changes of I /I, with various injected amounts of 1072 M
solution into 10 ml of water at 70 °C. I, is the incident
laser-beam intensity. Though /I, was very small just after
injection, it increased, and then became saturated, during the
course of microcrystalization. The final Ii/I, values were ap-
proximately proportional to the amount of injected solution.

Figure 4 shows the dependence of Ii/I, on the water tem-
perature. The crystal growth rate became rapid upon el-
evating the temperature. Interestingly, the final //I, values
became almost the same at above 35 °C, and the microcrystal
sizes attained were the same within the experimental error.
On the other hand, the final I;/I,, values below 35 °C were dif-
ferent from those above 35 °C. In fact, smaller microcrystals
were found below 35 °C.

(b)

Fig. 2. SEM micrographs of perylene microcrystals collected on a Millipore filter. Each sample was obtained (a) 70 °C for three

hours; (b) at 7 °C for 16 h.
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Fig. 3. Change in L/I, after injecting various amounts (@:

200 ul, O: 100 pl, A: 50 pl, A: 25 ul) of 1072 M solution
into 10 ml of water at 70 °C.

800
—e—70 °C
—e— 60 °C
—— 50 °C
—=—40 °C
600 —a— 35 °C
—s—30 °C
——25°C
2
@ 400
200
0 W
0 2 4 6 8 10 12
Time/h
Fig. 4. Dependence of /I, on water temperature after in-

jecting various amounts of 1072 M solution into 10 ml of
water.

Discussion

Investigation of Crystal Growth Process of Perylene
Microcrystals Using an Model.  Let us consider the proc-
ess of microcrystallization according to the model shown in
Fig. 5. Each figure shows a certain portion of water dis-
persion. = Figure 5(A) displays water before the injection
of a perylene solution, and no light is scattered. Just af-
ter the injection of a solution, ultrafine droplets of perylene
solution are first found, and the solvent in the first droplets
is dissolved in water to give perylene clusters with a con-
stant number, determined by the experimental conditions, as
shown in Fig. 5(B). The contrast in the background of Fig. 5
indicates the number density of perylene clusters, and the
darker background shows a higher density of the clusters.
The fact that perylene is not molecularly dispersed in water
at this stage is confirmed by the absorption spectrum, which
is completely different from that in solution. Then, nuclei
for microcrystallization are generated in Fig. 5(C), where the
dot at the center is a crystal nucleus. All of the nucleation
is assumed to be generated in a complex way at this stage.
In other words, the number of nuclei is said to be in equilib-
rium with the number of microcrystals. Thus, in the volume
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Fig. 5. Model of simplified microcrystallization process of
perylene in the reprecipitation method.

shown in Fig. 5, only one nucleus appears for simplicity.
Crystal growth proceeded by aggregating clusters to a nu-
clei, resulting in a larger size of the crystal (drawn by a black
circle and lower density of clusters, as shown in Fig. 5(D)
to Fig. 5(E)). Figure 5(F) is the final stage, in which almost
all clusters in this volume of dispersion are included in a
microcrystal.

For a semi-quantitative discussion using the above model,
the light scattering of this dispersion system is considered
to be only according to a theory of Rayleigh. The scattered
light intensity (/s/1,) is expressed by

I 20°VAN fe—g)\? >
E:r—zk‘:—( . ) (1+cos 6), 1)

where V and N are the volume and number of scattering
bodies, respectively; r is the distance between the scattering
body and the detector, 4 is the wavelength of the incident
laser, € and & are the dielectric constants of the scattering
body and the medium, and @ is the scattering angle. In the
above model, the crystal is only the scattering body, and
light scattering from clusters is negligible because they are
considered to be too small to be detected. Considering the
experimental conditions of SLS, r, A, &, & and 6 are constant
amount the parameters in Eq. 1. Thus, Eq. 1 can be simply
rewritten as

I/1, = KV()*N(), )

using time-dependent V and N and a constant K. The injection
time is set to = 0. In this model, N(¢) is also constant (V)
through the crystal growing process, as mentioned above.
The cluster numbers included into microcrystals per unit
period are considered to be proportional to the number of
remaining clusters. When the cluster number at time 7 is
expressed as N (7), this relation is

dN.()/dt = —a(TINe(2), 3)

where a(T) is the crystal growth rate constant as a function of
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the temperature (7). Since the increment of the microcrystal
volume should coincide with the summation of the combined
cluster volume,

dV(5)/dt = —Vc(dNc(2)/do) 4)

is obtained, where V. is the cluster volume. When the cluster
number at the initial stage is represented by N;(0), it can be
expressed by using N.(1), N, V., and V(z) as follows:

Nc(0) = Ne(t) + NV(@)/ V. 5)

Then, the relations described in Eqgs. 3 and 5 are substituted
into Eq. 4, and the following equation is derived:

dV(n)/dt = a(T)N[V(c0) — V(2)]. ©6)

Under the initial condition that N (0)V. should be equal to
NV(00), Eq. 6 can be solved to give

V() = V(o)1 — exp(—a(T)N1)], @)
using V(0) =0. From Egs. 2 and 7,
I/I, = KV(c0)*[1 — exp(— a(T)ND’N ®)

is obtained.

Equation 8 could reproduce the experimental results
shown in Figs. 3 and 4. In the case of the experiment shown
in Fig. 3, even though the amount of injection was varied, the
final crystal size determined by DLS, which is closely related
to V(o0), was found to be almost the same. Therefore, the fi-
nal Ii/], values were mainly affected by N. Since the final I,/1,
values were roughly proportional to the injection amount, N
also seemed to be proportional to the injection amount if the
concentration of the solution used was the same. In Fig. 4,
the crystal growth-rate change, related to the magnitude of
the tangential slope of the curves, clearly shows a temper-
ature dependency. For the data at temperatures above 35
°C, the curves calculated using Eq. 8 are shown in Fig. 6,
and are very similar to the experimental results shown in
Fig. 4. One can determine the constant ¢y, corresponding
to a(T)N in Eq. 8 by fitting the experimental data in Fig. 4.
Arrhenius plots for microcrstal growth could be drawn, as
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Fig. 6. Calculated plots reproduced by Fig. 5 and curve fitting
using Eq. 8.
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Fig. 7. Arrhenius plots for microcrystal growth of perylene

in the reprecipitation method.

presented in Fig. 7. By line-fitting to these plots, the appar-
ent activation energy for perylene microcrystal growth in the
reprecipitation method was determined to be 68 kJ mol™!.
From the view that the heat of fusion and sublimation from
perylene crystals are, respectively, 32 and 126 kJ mol~!, the
crystallization from the cluster is supposed to progress via an
isolated molecular state close to the gas phase. The obtained
knowledge would be useful for preparing smaller and mono-
dispersed organic microcrystals in the near future.

Concluding Remarks

In conclusion, the crystal growth of perylene microcrys-
tals was investigated by performing measurements with light
scattering and absorption spectroscopy. The microcrystal-
lization process could be explained semi-quantitatively by
the model proposed in this paper.
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