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Abstract 
Pyrene solution and distilled water were flowed through a microreactor at a 
predetermined flow rate to generate pyrene crystals. Pyrene nanocrystals were 
crystallized by a Continuous Flow Microreactor. The particle size and lumi-
nescence properties of pyrene nanocrystals produced were evaluated. The 
crystal mean size between 60 nm and 400 nm could be controlled by the op-
erating conditions. The crystal mean size decreased with increasing flow rate 
and solution concentration. In addition, the crystal morphology also changed. 
In the case of slow flow conditions, a needle-like crystal morphology was ob-
tained. The crystal morphology became spherical on increasing the flow rate. 
Pyrene crystals with size about 400 nm exhibited luminescence at about 470 
nm. As the crystal size decreased, the intensity of the luminescence also de-
clined. The luminescence wavelength was in the range of about 370 to 400 
nm. 
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1. Introduction 

The size-dependent luminescence properties of inorganic nanocrystals have of-
ten been studied. The luminescence colors were found to depend on the particle 
size, while the luminescence wavelength was reported to shift to short-wavelength 
as the particle size was decreased (quantum size effect). Nanocrystals displaying 
high fluorescence intensity and stability are used as monochromatic, ultraviolet 
light-emitting materials or display materials. In the case of organic nanopar-
ticles, significant size effects generally cannot be considered because of the delo-
calization of the electrons in individual molecules over whole grains owing to 
weak interactions. However, π-conjugated polymer nanoparticles and a variety 
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of dye molecules have been reported to exhibit a variety of optoelectronic prop-
erties. For example, the luminescence of perylene nanocrystals with size of 100 
nm was reported to be dependent on the crystal size. Analogous absorption and 
fluorescence spectral changes have also been reported for inorganic nanocrys-
tals. However, these apparently size-dependent optical phenomena are not di-
rectly attributed to changes in the crystal size and electronic state. In fact, a re-
duction of the crystal size is advantageous for surface phenomena with conse-
quent impact on the overall electronic state of the molecules. Therefore, in order 
to clarify the principles underlying the size dependence of the optical properties, 
it is necessary to generate monodisperse nanocrystals [1]-[6].  

In this study, pyrene (pseudonym: benzo(d,e,f)phenanthrene), having high 
luminous efficiency and a rigid structure with a two-dimensional extended 
aromatic ring, was used as model material. An efficient method for continuous 
production of monodisperse crystals utilizing a reactor is presented, and the 
size- and shape-dependent luminescence properties of the crystals are eva-
luated.  

2. Experimental 

Pyrene was dissolved in ethanol, and the solution was adjusted to 20 ml. Pyrene 
solution and distilled water is set to a predetermined flow rate for each set, and 
their solutions were flowed by High Performance Liquid Chromatography 
(HPLC) pump (Shimadzu LC-20AT). The solutions were mixed in a microreac-
tor. The liquid feed flow path and put in incubator ultrasonic reactor under os-
cillating frequency of 40 kHz, the crystals produced for 20 minutes and the sus-
pended solution was sampled. Then the producing crystals were dried in a va-
cuum desiccators and they were evaluated by Dynamic Light Scattering mea-
surement (ELS-800), Transmission Electron Microscope (TEM (H-800)), powd-
er XRD (RINT2200) and Fluorescence spectra (JASCOFP-6500). Figure 1 shows 
the experimental apparatus. 

3. Results and Discussion 

Figure 2 shows the crystal size distributions obtained using various pyrene con-
centrations and flow ratios. Table 1 shows the mean crystal size. The crystal size 
decreased with increasing pyrene concentration and increasing flow rate. In-
creasing the solution concentration increased the supersaturation during particle 
formation. In addition, increasing the flow rate of the feed is also related to an 
increased rate of supersaturation generation. For a pyrene concentration of 20 
mM, the average particle size was 60 nm. The concentrations of the suspensions 
were between 9.1 × 10−4 and 1.8 × 10−3 (mol/l). The coefficient of variation 
(C.V.) of the crystal-size distributions was approximately 20%. The morphology 
of the crystals was evaluated using transmission electron microscopy (TEM) and 
powder X-ray diffraction (PXRD). Figure 3 shows TEM images of the crystals 
obtained using a 20 mM pyrene solution while varying the flow rate. In the case  
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Figure 1. Schematic diagram of experimental ap-
paratus and microreactor. 

 

 
Figure 2. Crystal size distribution of products.  

 

 
Figure 3. Transmission electron microscopy photograph of products generated under 
different flow ratios (solution concentration: 20 [mM]). 
 
of slow flow conditions, a needle-like crystal morphology was obtained. The 
crystal morphology became spherical on increasing the flow rate. Figure 4 shows 
the PXRD patterns of the products obtained under various flow rate conditions.  
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Figure 4. Powder X-ray diffraction patterns of products under different flow 
ratios of solution with concentration 20 mM. 

 
Table 1. Mean size of products.  

solution concentration 
[mM] 

flow rate [ml/min] 
solution:water 

mean size [nm] 

10 0.1:1 411 

10 0.5:5 205 

10 1:10 112 

20 0.1:1 367 

20 0.5:5 131 

20 1:10 60 

 
As the flow rate increased, the crystal size also decreased. The PXRD results 
demonstrate that the intensity of the (001) reflection decreased with increasing 
flow rate. Small pyrene crystals have a very large surface area ratio; thus, the 
crystal shape is governed by the surface free energy. The crystal shape becomes 
spherical with minimum surface area, whereas the crystals adopt a needle-like 
morphology with increasing crystal size. Pyrene crystals exhibit a tendency to 
stabilize by forming needle-like structure with growth. The fluorescence spec-
trum of the product crystals was acquired under 340 nm excitation, as shown in 
Figure 5. The fluorescence spectrum varied with the differences in crystal size. 
Crystals with an average size of about 370 nm exhibited emission about at 470 
nm only. Moreover, the intensity of this peak declined as the crystal size de-
creased. As the crystal size further decreased, an additional luminescence peak 
with two maxima about at 370 and 400 nm was observed. The spectral profile of 
this luminescence peak was similar to that of 0.1 mM pyrene solution. When the 
average crystal size was 60 nm, the luminescence peak about at 470 nm was  
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Figure 5. Fluorescence spectra of products produced by different flow ratio under pyrene 
solution 20 mM (λex = 340 nm). 
 
not observed. The excited molecule may collide with a ground state pyrene mo-
lecule nearby, thus forming a low-energy excimer. Consequent lattice deforma-
tions caused by π stacking of the pyrene molecules result in the reorganization of 
the energy states for stabilization. There is a critical crystal size required for ex-
cimer transition. In other words, it is suggested that the critical crystal size is 
sufficient for the luminescence energy monomer. The excimer fluorescence in-
tensity is proportional to the number of pyrene molecule collisions. Decreasing 
the crystal size leads to an increased number of molecules inside the molecule 
than present on the surface. The lack of expression of excimer luminescence is 
thus attributed to the reduced number of pyrene molecules colliding. 

4. Conclusion 

The crystal mean size between 60 nm and 400 nm could be controlled by the 
operating conditions. The crystal mean size decreased with increasing flow rate 
and solution concentration. In addition, the crystal morphology also changed. In 
the case of slow flow conditions, a needle-like crystal morphology was obtained. 
The crystal morphology became spherical on increasing the flow rate. Pyrene 
crystals with size of about 400 nm exhibited luminescence at about 470 nm. As 
the crystal size decreased, the intensity of the luminescence also declined. The 
luminescence wavelength was in the range of about 370 to 400 nm. 
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