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Luminescence of molecules and clusters of anthracene in single crystals –decay profile- 

Tamao Aoki- Matsumoto,�$�% Atsushi Takama,�$�Ken-ichi Mizuno$�% 

Department of Physics, Konan UniversityA, Quantum Nano-Technology Laboratory, Konan University B 

�

Decay profiles of luminescence from anthracene molecules and clusters in single crystals of 
fluorene were studied.  In a low concentration sample, luminescence attributed to isolated 
anthracence molecule decays with a li fetime of 8nsec.  In a middle concentration sample, decay 
time was estimated to be shorter for luminescence attributed to larger clusters.  

�
ÝÚêÓüæ 

Î�ùâ�Ð�Ö½6éø86æPÒá�

XÿP]Qoâ½�P]T4^T2"]_

o;ÔPMMAÕ�æ½�Ð�Ú\±»N

æ�å�ÞáÈÚ[1]�ÒÆÒ�P]Qo

ê�Ùãåcº�Ã�Úü�}�å8Ø

,ÞÚø86Ç»�Ð��ÛÌâåÊ�

+Ó8ØýÞÚø86âýP]Qo�é

ÏÎæ�ÞáRF�@^!oÇ�
��Ø

é��û÷éÚü�Q"`åùoâê��

Xé½6Æ�å�ÊÐ¿ø86æ¼ÙÐ�

��(�-æ»Ô�RF�@^!oéãî

ú�ÎãÇâÈå¿� 

Ð�Ö½6ãÒá�f;\.f¬î�

½�ÐÖ�Q;]6",ãÒáÙã\Ò¿

cº�Ã�¿OÔH^�_fÕæ�ÃÚ

ãÎ��RF�@^!oé��û÷ê"÷

æëËÒÚ�ùÚ��f;\.fÚ2éÚ

¿\±æÅ¿á�o¿\±��ýÐ�@^

!o¥æ�f;\.fé�øÕà.ãÔ

�ã(Ã����6êÇðùÐ�Ú[2]�+

}åÚ2�=HêH�=f;_f¿OQ

;]6",ãÒÚ�'æýç��á¿�[3]� 

Ä�åâê�f;\.fÚ2éo¿H^

�_f¿Oã§»��Ú2é¿OæÅ¿á�

�6ë.éùo�ÞÚ¿�æß¿á�T

Ô�� 

ÞÚsÎÇ: 

¿O��ê Ar �,�ÐÇ�éÇç�3

:â�ÞÚ[4]��é+ê�\±Þ~(é�

�ú�ã���Ð�Ú¿O�âéU^§æ

ß¿áùãüÚýéâ½��U^§ 

êÐ÷âé6Gùoéß�\±*"`K

 (fæAÈ�ØéA§é�f;\.fÅ

�îH^�_féFü�2§Æ�ÞüÚ�

Ú2éo¿ÇÆ�\± A,B,C ãmñÎãæ

Ô��� �

H^�_fêù�HÇ�¿Úü�y÷ü

ÔåØ �PPþ�ØÐ �PPÕæ�`f�^

H�â���Ì�<o=7A9H`f*o

;âýÁû�éy÷üãéFæ�½ÒÚ�

\±é�Åæê"\��R>Ô$1Õª

¿� �÷âùo�ÞÚ��
�6,M";^ùoâê�Xe\fJé6

½6zÔSpex1000MÕâ½6ÒÚýé

,à6ãÒ�\±Æ�é�6½6zÔARC, 

SpectraPro-300iÕbÒá§Õø��ÅCCD

ÔRoper Scientific, LN / CCD� -� 400EBÕâ

�´ÒÚ� ]Îé½�»ê 10cm-1
â½��

\

± 
, 

��ú°�§

(mg) 
ÔF:AÕ 

Ar 
(Torr) 

¿O� 
U^§ 
ÔA/PÕ 

A 45:0 50 1.2�10-4 
B 45:2.8 50 8.8�10-3 
C 45:5 50 1.4�10-2 

iakai
長方形
9



õ2l\ê�åÞá¿å¿� 

�6ë.éùoâê Ti:S_o)(Spectra 

Physics (SP), Tsunami)éG&}D^,D

^,G6�oæ�ÞáD^,FÒ 120ns

ãÒ�ØéZD,à6ãÒÚ��o;&

]_o2âùoÒÚnÄDD^,é(F÷

ê 4 psâ½ÞÚ�\±Æ�é�6êÅ½�

3I^½6zÔJovin Yvon, DHR 320Õâ½

6Ò�MCP]?6�6ÇZ¤â�´ÒÚ�

�6é(F�{ê(FçP±û66�´:

âùoÒÚ�Îéùo}âçÚ,à�B6

é×ÆÌéD^,÷ê 0.1 nsâ½ÞÚ� 
 

ßÚsÎ¿� 

� yÁë.ùo�ÞÚQßé\± A�B

ã���Ú2é\± C é�6,M";^

Ñ 1 (A)�(B)�(C)æ�Ô�,à�@^!o

ê�$oé�@^!oé�f;\.f¬

ï,àÒå¿�ÁåÔf¦êÑ 2 é�ÿó

�Õ���@^!o¥æÒáÅ��\±�é

±½6�Å�î�øÕé�6ÇÔôáû�

á¿���  

A é\±é�6ê 26000cm��
�-æ 0-0«

�ýÜ��f;\.f½6é½6]DG

æ��H�Af_J]�ÇØéÐ�@^!

o¥æ�ÊéGo"»�Òá¿��Îé

�Áå�6êê±½6éýéã(Ã��

[2][3]�� ��6 M ãmñ� 

Ñ 1��¦¿Q"â»��ÒÚ�Áæ�

�Ú2é\±Bé�6æÅ¿áý�6M é

Go"ê=÷Òá¿���Ãá�Ø�Ù�

éGo"Æ�� 100cm-1
Ð�@^!o¥æ

ÿÿ÷é"¿Go"Çû��Ô%ÐåGo

"Ñ�/¡é�"â�ÔÕ�ÎéGo"ê

�6M ã+ÓH�Af�@^!oFÒâ�

�0ÒáÅ��0-1«�(24500cm-1)é�-æ

Å¿áý�Ê×Ã��Îé�6êso�æ

�f;\.fQXÇÞ�'ÞÚA�Æ�é

�6ã(ÃáÅ�[2][3]��6 D ãmñ� 

�Ú2é\± C æÅ¿áý�6 M�D æ

»�Ô�Go"Ç�¿åÇ�û���%Ð

å�6�½ê 25300cm��
�-æGo"ý

ß÷é"¿�6êãØé 1400cm��
Ð�@^ 

!o¥éH�Af_J]�â½��Îé�

6ê��"Èå�øÕÆ�é�6ã(Ã�

�[2]��6 L ãmñ� 

4æ��Ú2\± B é�6,M";^é

,à�@^!o�=Hé¿�ÑÞæ�Ô�

26200cm��
,àâê�6 M�D ãýæðùÐ

��Ç�,à�@^!o�Íá¿Êã�

â�æ�6 M Ç�ù��25920cm��
,àâ

ê�6 D Ç%Ðå�6�½ãå��Ð�æ

�@^!o�Í�ã 25800cm��
,àâê�

\± CâðùÐ�Ú�Áå�6 L Çû���

����� ����� ����� �����

®¸Í¼ÅÌÄ¹¼É�ºÄ

��

�

£
Ì
Ä
À
Å
¼
Ê
º
¼
Å
º
¼
w
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

�����

�����

�����

�����

�����

�����

�����

�

¤

�

�

£

£

,àD�

�ºÄ

��

�

ÑÞ� \± % é�6,M";^é,à

�@^!o�=H�

����� ����� ����� ����� ����� ����� ����� ����� �����

®¸Í¼ÅÌÄ¹¼Éw�ºÄ

��

�

£
Ì
Ä
À
Å
¼
Ê
º
¼
Å
º
¼
w
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

���

���

���

Ñ �� �f;\.fÚ2éãå��ßéH^

�_f¿Oé�6,M";^�

iakai
長方形
10



����@^!o¥é,àæÅ¿áý��

6øêÿÕåGo"ãÒáêû�å¿Ç�

�åÞá¿�ã(Ã����Ôå
Ü�,

à�@^!oÇ�¿ãÈêù×ð×ø��

Ç�æß��ð×ø�øÇû�á¿�ã(

Ã���� 

4æ�6éë.$Héùo¿��Ô�

Ñ 3 êùo(é�6,M";^�ÒÚý

éâ½��(é)Æ�ÔìÕêØ�Ù���é

Ñ 4 Æ� 7 æ»�ÒáÅ���îÈkÁÇ

,à�@^!o�%"ékÁÇ�6é�6

�@^!o�Òá¿�� 

Ñ 4 æ\± A éë.ùoé¿��Ô�

�Æ��ê�Ñ 3ÔéÕé�Æ��ékÁ

ÏÎâðùÒÚ�6ë.â½��×ÿÔ¿

�Áæ¡qo�ZÒá+�Òá¿��Î�

�éë.$HêÑ�"â�ÒÚ¼n 8ns é

0�P�ë.ã½ÞáÅ��ðù�@^!

oæ��Õ�¼n 8ns é±û0�P�ë.

æåÞá¿�ã(Ã���� 

\± B æ»Òáê�,à�@^!oæ�

=Òá�6,M";^»AÇ�{Ò�Ø�

æ�Óá�6éë.$Hý�{Ô��ùÕ�

ÑÞé 26200cm-1
,àé�'ã+}æ��6

M ã D é�ÇÇðùÐ��æ�âùoÒÚ

ë.$HÑ 5 æ�Ô����ê�6 D é

Go"����ê�6�6 M éGo"âð

ùÒá¿��àßéë.$HêKá 7ns �

����� ����� ����� ����� ����� ����� ����� ����� �����

®¸Í¼ÅÌÄ¹¼Éw�ºÄ

��

�

£
Ì
Ä
À
Å
¼
Ê
º
Å
¼
º
¼
í
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

�Mé

�Oé

�Né

�Pé

Ê¸ÄÇÃ¼w�

Ê¸ÄÇÃ¼w�

Ê¸ÄÇÃ¼w�

Ê¸ÄÇÃ¼w�

r

~

}

|

{
z

y

x

v

w

u

t

s

Ñ �� �6ë.ùo(é_o)o,à�6,

M";^�

�

��

���

����

�����

������

��� � �� �� ��

ËÀÄ¼w²ÅÊ¼º´

£
Æ
¾
w
£
Ì
Ä
À
Å
¼
Ê
º
¼
Å
º
¼
w
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

`
¤
ý�²ÅÊ´

¸ÅË¿É¸º¼Å¼w»ÆÇ¼»

½ÃÌÆÉ¼Å¼

���w�w�����

��

¼Ïº�í�����ºÄ
��

tí�����ºÄ
��

rí�����ºÄ
��

sí�����ºÄ
��

Ñ �� \± $é�6ë.$H�

�

��

���

����

�����

������

��� � �� �� ��

ËÀÄ¼w²ÅÊ¼º´

£
Æ
¾
w
£
Ì
Ä
À
Å
¼
Ê
º
¼
Å
º
¼
w
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

`
�
ý�²ÅÊ´

¸ÅË¿É¸º¼Å¼w»ÆÇ¼»

½ÃÌÆÉ¼Å¼

���w�ww�����

��

¼Ïº�í�����ºÄ
��

wí�����ºÄ
��

uí�����ºÄ
��

ví�����ºÄ
��

xí�����ºÄ
��

Ñ �� \± % é �����FP��
,à�âé�

6ë.$H�

�

��

���

����

�����

������

��� � �� �� ��

ËÀÄ¼w²ÅÊ¼º´

£
Æ
¾
w
£
Ì
Ä
À
Å
¼
Ê
º
¼
Å
º
¼
w
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

`
�
ý�²ÅÊ´

¸ÅË¿É¸º¼Å¼w»ÆÇ¼»

½ÃÌÆÉ¼Å¼

���w�w�����

��

¼Ïº�í�����ºÄ
��

zí�����ºÄ
��

yí�����ºÄ
��

{í�����ºÄ
��

Ñ �� \± % é �����FP��
,à�âé�

6ë.$H�

�

��

���

����

�����

������

��� � �� �� ��

ËÀÄ¼w²ÅÊ¼º´

£
Æ
¾
w
£
Ì
Ä
À
Å
¼
Ê
º
¼
Å
º
¼
w
 
Å
Ë
¼
Å
Ê
À
Ë
Ð

`
«
ý�²ÅÊ´

¸ÅË¿É¸º¼Å¼w»ÆÇ¼»

½ÃÌÆÉ¼Å¼í�

���w�ww�����

��

¼Ïº�í�����ºÄ
��

~í�����ºÄ
��

|í�����ºÄ
��

}í�����ºÄ
��

Ñ �� \± % é �����FP��
,à�âé�6

ë.$H�

iakai
長方形
11



2é¼n�½,Þá¿��Ø�æ�Ãá�

�6 M é�'ê 1ns�2é¼néf¿ë.

�½Ç½���6 D é�'êï����Ç

ðùÐ��� 

Ñ 6 ê 25920cm-1
,àé�Áæ��6 M

ê,àÐ�Õ��6 DÔã LÕéúÇ,à

Ð���Áå,à�@^!oæÅÌ�ùo

¿�â½���6 D éGo"âðùÒÚë

.�ã!ê�Ñ 6 é�'ã+}æ 7ns é0

�P�ë.�ÔÇ����êú��å¿�

 ê�6 L éGo"âðùÒÚ�'ÛÇ�

Îé�'ê 7ns éë.�½æ�¿���é

�½Ç�åÞá¿���  

¨ßæ 25700cm��
,àé�Áæ�6 L é

úÇðùÐ���Áå,à�@^!o�â

éùo¿�Ñ 7 æ�Ô�Îé�'�ðù

�@^!oæ��Õ 5ns é¼né±û0�

P�ë.â½ÞÚ� 
 
4Ú(¤ 

� Ñ 4æ�ÒÚÐÚ2\±A é�6M éë

.ùo¿����H^�_f±¿O�é�

f;\.f±½6é�6éë.¼nê 8ns

ã(Ã�����Ú2\± B æÅ¿áê�

ë.¼nê,à�@^!o�ðù�@^!

oæ�=ÒÚ�� �6 M Çû��,à�@

^!oæÅ¿áê�6 D æ���é�½Ç

½�
�ÔÑ 5 ��Õ��6 M Çû�å¿

,à�@^!oâê���ÇåÆÞÚÔÑ

6 �!ÕÎãê�Îé���é�½Ç�6

M é�A�Æ�éPGX_o*ZfyIæ

��ýéâ½�Îã�Òá¿��+}æ�

�6 D Çû��,à�@^!oâ�6 L æ

���Çû�ÔÑ 6  Õ�L �6éúÇû�

�ãÈæ���Çû�åÆÞÚÎãÔÑ 7 

$Õê�����6 D Æ� L óéyIæ�

�ýéã(Ã����� Ø�Ù�é�A�

Õéë.¼nn�Úüæê�ÿ�ã�

Çå¿A�âéon��ÐÇ½��øé

úÇû��,à�@^!oâéøé¼n

5ns ê�L éÕéë.¼nã(Ã�����

�6 D æ»Òáê�M�D�L Çû��ãÈ

æê�6 M Æ�éy��úÇ½��D�L

éúÇû��ãÈæê�6 L é�A�óé

y��úÇ½�ã(Ã���Õé¼n

ÿü�ÎãêâÈå¿Ç��Çé�'æÅ

¿á��6 D éGo"âùoÒÚë.¼n

Ç� 7nsâ½ÞÚÎãÆ��7ns�2éoâ

½�ã×Íý����� ������6 M

é¼nê 8ns��6 D é¼nê 7ns��6 L

é¼nê 5nsãå��� �6 M é¼nÇ�

Ú2\± B æÅ¿áýÐÚ2é�'ã+Ó

â½�ã�oÔ�ã�t��f;\.f½

6�Ç"È¿Ð�@^!oé�6öäë.

¼nÇtÊå�Ñ0Ç½��� � � �  

ë.$Hé��f¦å��Ô�Úüæ

ê�ðù�@^!o÷��ÊÐÊÒ�¦

ÆÊ�{ÐÖáùo�¿��å�'Á�

6�½½�Ô�ÎãÇ�Ðâ½���  
 

áÚùãü 

H^�_f±¿O�é�f;\.fæß

¿á�Ð��Ú2\±é�6ë.éùo

�åÞÚ�ÐÚ2\±é±½6é�6¼n

ê 8ns ã×Íý��Ú��Ú2\±æÅ¿

áê�±½6ÔMÕ�Q½6ÔDÕ���"È

å�øÕÔLÕéFæÿ�ã�Ç½��t�

½6�é"ÈåA�óy��úÇàÈ�Î

ãÇ�ÂÐ�Ú�,à�@^!o¬ïÔ

�Îãæ���Q½6�6é¼nê 7ns �

2��6 L éë.¼nÇ 5ns â½�ÎãÇ


ÆÞÚ� 
 
â	� Îé�åéûñê¥|í�2{�t$

Î»�"G®�»�P{»�Å�î�oJ

f/](o4/.f2o�»P:éÁ%æ��� 
 
ó(¥� 
[1] M. Takeshim, K. Mizuno and A.H. Matsui:ÕÕ�

�� 35 No.12 (2000) p.961-967, K. Mizuno, M. 
Takeshima and A.H. Matsui: “Single Organic 
Nanoparticles”  in ”Nanoscience and Technology” 
Series, Springer-Verlag Berlin Hidelberg, (2003) 
p.156-166.  

[2] T. Aoki-Matsumoto et al.æ to be published in 
Phys.Status Solidi (C) 

[3]T. Aoki-Matsumoto, Y. Hoshika and K. Mizuno: Y
16Á6�H�å³°¥ø (2005)�.47-50�  

[4]C. Furukawa: Y 13 Á6�H�å³°¥ø 
(2002)�.355-358�  

iakai
長方形
12




