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QUANTUM CONFINEMENT OF TRANSLATIONAL MOTION OF 
EXCITONS IN U-PERYLENE AND PYRENE MICROCRYSTALS 

Ken-ichi Mizuno and Atsuo Matsui 
Department of Physics, Konan University, Okamoto, 
Kobe, JAPAN 658 

Abstract We observed that (1 the luminescence 
spectra of Q-perylene shifted by 440 cm-l as much 
as the change in the excitation photon energy, 
from 22100 cm-’ (452.5 nm) to 22540 cm-’ ( 4 4 3 . 7  
nm), whereas the luminescence spectrum of pyrene 
shifted by 100 cm” according as the excitation 
photon energy in an energy region from 26940 cm-l 
(371.2nm) to 26730~m-~(374.lnm), ( 2 )  for pysene 
microcrystals the luminescence decay under resonant 
excitation increased as the excitation energy 
increased, ( 3 )  in both materials intense fsee- 
exciton luminescence was observed but self-trapped 
exciton luminescence was not. 

We concluded that in both materials ( 1 )  quantum 
confinement of translational motion of excitons 
occurs, and (2) excitons in microcrystals are not 
self-trapped. 

INTRODU CT I ON ----------- 

Exciton quantum confinement for organic systems is 
reported for two-dimensional quantum wells. -2 Quite 
recently quantum confinement of translational motion of 
excitons in anthracene microcrystals was found. The 
result obtained for anthracene microcrystals implies 
that excitons in zero-dimensional, weak exciton-phonon 
coupled system are confined quantum mechanically. Does 
quantum confinement occur in strong exciton-phonon 

[573]/49 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
47

 1
8 

Fe
br

ua
ry

 2
01

3 



50/[574] K. MIZUNO AND A. MATSUI 

coupled system? From this motive w e  have studied 
luminescence spectra and luminescence decay of a- 
perylene and pyrene microcrystals. Those two materials 
were chosen because macrocrystals o f  those materials 
belong to the category of strong exciton-phonon coupled 
system and exciton dynamics in those macrocrystals have 
been known. 4-5 

QUANTUM CONFINEMENT IN a-PERYLENE MICROCRYSTALS 
Microcrystals were grown on fibrous polyester filter 
papers with average pore size o f  2 pm. At the top of 
the F i g u r e  1, a 92-K l u m i n e s c e n c e  s p e c t r u m  o f  a- 
perylene microcrystals, which was excited with photons 
of 22990 cm-l ( 4 3 5  nm), is shown. Bands A ,  B, C of 
microcrystal luminescence spectrum must be composed of  
luminescence bands of  microcrystals with variety of 
crystal sizes. 

2. 
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FIGURE 1 L u m i n e s c e n c e  W u 
s p e c t r a  o f  a - p e r y l e n e  cn 

W mic r oc r y s t a 1 s u n d e r  - 
selective excitation. 2 

3 
A 

WAVELENGTH ( nm ) 
450 500 600 700 
I 1 I I I 

20000 15000 
WAVENUMBER ( c m - 1 )  

We have applied a selective, resonant excitation 
method to o b t a i n  t h e  l u m i n e s c e n c e  s p e c t r u m  o f  
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QUANTUM CONFINEMENT OF EXClTONS I5751151 

I /  92 K 

microcrystals with a narrower size distribution. The 
spectra thus obtained are illustrated in the middle 
portion of Fig. 1. The excitation photon energy is 
shown for each spectrum by a downward arrow. At the 
bottom a room-temperature spectrum of a large single 
crystal (a bulk crystal) is shown. The free-exciton 
luminescence band of a bulk crystal is indicated b y  
letter F and the self-trapped exciton luminescence band 
by letter S.  The 0-0 luminescence band (marked A )  of 
microcrystals is located on the high energy side of 
band F. 

selective excitation are plotted in Fig. 2 as a function 
of the excitation photon energy. As is seen in Fig. 2 
the spectrum shifts 440 cm-l according as the change in 
the excitation photon energy ( 4 4 0  cm-l). This shift is 
clear evidence that microcrystals were selectively 
excited depending on the size of the crystals: A smaller 
crystal has a higher excited electronic state than in 
larger crystals, which means that quantum confinement 
of exciton translational motion in perylene takes place, 

The peak position of the luminescence bands under 

W A V E L E N G T H  ( n r n )  
450 475 500 525 

r I I 

I 
23000 22000 21000 20000 19000 

W A V E N U M  B E R  ( cm-1 ) 

FIGURE 2 The peak positions of luminescence bands for 
selective excitation. 

QUANTUM CONFINEMENT JIJ PYRENE MICROCRYSTALS 

Microcrystals were grown on polycarbonate membranes 
with channel-pores of 150 A diameter. In Fig. 3 (top) 
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52/[576] K. MUUNO AND A. MATSUI 

luminescence spectra of pyrene microcrystals, size- 
selective luminescence spectra and (bottom) luminescence 
spectrum of a macrocrystal (bulk crystal) are shown. 
Under size-selective excitation, the luminescence 
spectrum shifted according as the excitation photon 
energy. 

WAVELENGTH ( n m )  
400 450 500 

I I I I 

M ICROCRYSTAL 

c7 

Fi !-.-A + l+!/iULK CRYSTAL 

25000 20000 
, - . I  I I I I I I I 

25000 20000 
W A V E N U M B E R  (cm- I )  

FIGURE 3 Luminescence spectra of pyrene microcrystals 
under selective excitation. Downward arrows indicate 
the excitation energies for corresponding spectra. 

The spectral shift under size-selective excitation 
is illustrated in Fig. 4 .  As is seen in Fig. 4 ,  the 
spectral shifts of 100  cm-I for the luminescence bands 
B, C, D, E were not the same amount as the change of 
210 cm-l in the excitation photon energy, probably 
because absorption bands of microcrystals with various 
sizes are stacked together and in addition the spectral 
width of the excitation pulses we have used ( 7 0  cm‘l) 
was wide compared with the spectral width of the band A 
( 1  80 cm-’ 1 ,  leading to a smaller spectral shift. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
47

 1
8 

Fe
br

ua
ry

 2
01

3 



QUANTUM CONFINEMENT OF EXCITONS [577]/53 

W A V E L E N G T H  ( n m  ) 1 
27000 26000 25000 

PEAK P O S I T I O N  (cm-1) 

FIGURE 4 The peak positions of luminescence bands, B, 
C, D ,  E of pyrene mic r o c r ystals under s e l e c t i v e  
excitation. 

When quantum confinement of excitons occurs in 
microcrystals, luminescence decay time is inversely 
proportional to the third power of the diameter of a 

WAVELENGTH ( nrn ) 

FIGURE 5 Luminescence decay 
time of the specimen under 
size-selective excitation. 

26900 26700 26500 
WAVENUMBER (crn-1) 

6 microcrystal for r e s o n a n t  excitation. 
Therefore, T increases as the diameter decreases. In 
Fig. 5 the decay time that was measured under selective 
excitation at 140  K with dye laser light is plotted as a 
function of the energy of the excitation photon energy. 
The decay was monitored at the photon energy by 2300 
cm-' below the excitation photon energy. A filled 
circle is for a bulk crystal. The decay time increased 
as the excitation photon energy increased for the energy 
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54/[578] K. MIZUNO AND A. MATSUI 

range from 26690cm-l (374.7nm) to 26850cm-1 (372.4nm). 
This result is consistent with the expected change in 
the decay time, 

EXCITON-PHONON COUPLING 

It i s  k n o w n  t h a t  i n  bulk a -perylene and pyrene 
crystals the adiabatic potential energy curves are 
characterized by a double-well potential. Owing to the 
double-well potential, free and self-trapped exciton 
luminescence are observed simultaneously .4 In Figs. 1 
and 3, however, only vibronic luminescence bands which 
originate a s  f r e e  e x c i t o n s  a r e  observed and any 
luminescence band which should be attributed to the 
self-trapped exciton luminescence band did not appear. 
This observation leads to suggest that excitons are not 
self-trapped in a-perylene and pyrene microcrystals. 

contrast with the observation for bulk crystals in 
which excitons are self-trapped as a result of strong 
exciton-phonon coupling. The problem to elucidate the 
size dependence of the exciton-phonon coupling strength 
is open for future study. 

T h i s  f i n d i n g  i n  m i c r o c r y s t a l s  i s  s t r a n g e  i n  
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