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OPTICAL PROPERTIES OF PERYLENE MICROCRYSTALS 
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Japan 

Abstract The optical properties of perylene microcrystals in wide range of crystal 
size from 50 nm to 1 pm were measured. The interesting behavior of exciton in 
microcrystals with less than 200nm was found. For example, with decreasing the 
crystal size, self-trapped exciton states in microcrystals shifted to the high energy 
side. Therefore, the strong luminescence from free-exciton was observed, and life 
time of self-trapped exciton bccamc shortcr . 

INTRODUCTION 

Semiconductor microcrystals have been extensively investigated because of their 

enhanced third-order optical nonlinearity, which originates from a quantum confinement 

effect. Rcfcmng to these facts, studies on organic microcrystals seem to be interesting, 

too, though littlc have been reported so far.lP2 

Recently, we found that a simple reprecipitation method could be applied to many 

kinds of n-conjugated organic compounds to obtain organic microcrystals dispersed in 

l i q ~ i d . ~  In the u s e  of perylene microcrystals, the size-dependent behavior was observed 

in their optical propcrties. In this report, perylene microcrystals in the range of size from 

about 50 nm to 1 p,m were prepared by h e  reprecipitation method and a vapor-deposition 

method, and the changes of their absorption and emission spectra were investigated with 

crystal size. We will also discuss about the time-resolved fluorescence spectra of perylene 

microcrystals. 
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EXPERIMENTAL 

Perylene used in the reprecipitation method was purified by a zone-melt technique. For 

the vapor-deposition method, perylene was recrystallized in benzene, and then sublimed 

h vacuo. 

The microcrystals with size less than 200 nm were prepared in water, using thc 

reprccipitation method. By changing water temperature after the reprecipitation, perylene 

microcrystals with different sue from about 50 to 200 nm were ~bta ined .~  In the case of 

vapor-deposition method, the microcrystals with size from 130 nm and 300 nm were 

obtaincd: The crystal sizes were controlled by changing the deposition time of perylene in 

this casc? On the other hand, the microcrystals with size from 600 nm and 1 pm were 

prepared, using the evaporation method in an inert atmosphere: The crystal sizes were 

controlled mainly by changing the inert gas pressure.' Those microcrystals made by any 

techniques could stably be dispersed in water for a long time. 

The optical properties, including the time-resolved emission spectra,6 of pery lene 

microcrystals was measurcd in the statc of water dispersion. The averaged size and the 

shape was determined by SEM and dynamic light scattering (DLS).4 The crystal 

structure was evaluated by X-ray powder diffraction patterns. 

RESULTS AND DISCUSSION 

The crystal structure of perylene microcrystals prepared by the reprecipitation method was 

confirmed to be a-typc, the pattern of which was similar to that of bulk crystals, as 

shown in Figure 1. The crystal size was about 200 nm. 

200 I I I 
E- 
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FIGURE 1 X-ray powder diffraction patterns of perylene microcrystals. 
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FIGURE 2 Relationship bctwccn size of microcrystals and excitonic absorption 
peak position. 

The relationship between crystal size and absorption peak position of free exciton is 

shown in Figure 2. The excitonic absorption peak shifted to high energy side with 

decreaqing crystal size. The positions at more than 200 nm in size were roughly the same 

as those of bulk crystals. The size effect was also confirmed in luminescence spectra. 

Interestingly, strong fluoracence from the free-exciton energy level, in the casc of 

microcrystals with size less than 200 nm, which has not been detected in the bulk 

crystals, could be observed even at room temperature. 

Luminescence with two different life times were observed at around 485 nm, as 

shown in Figure 3. The excitation wavelength was 250 nm. One is a luminescence from 

free-exciton energy level, and the life time is about 10 P S . ~  The other is from self-trapped 

exciton state. Figure 4 shows the change of life time of the self-trapped exciton (tS,), 

depending on crystal size. The ts, became short with decreasing crystal size. Thc ts, value 

for bulk crystals, which was purificd by the zone-melt method, is quite long and about 40 

ns.g These results imply that the self-trapped exciton state in microcrystals must be raised 

to the high energy level. Therefore, the relative difference in energy between the free 

cxciton and the self-trapped exciton states becomes small, compared with bulk crystals. 

The softening of crystal lattice and the influences of surface properties are considered to 

be major causes of thcse phcnomena. 
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FIGURE 3 Life time profile of fluorescence of perylene microcrystals. 
The excitation wavelength was 250 nm. 
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In conclusion, the optical properties of perylene microcrystals in thc widc range of 

crystal size 50 nm to 1 pm were measured, and the interesting behaviors o f  exciton could 

be clearly observed in microcrystals at less than 200nm in size. The preparations of 

microcrystals smaller than 50 nm is now in progress. 
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