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研究成果の概要（和文）：本研究は、分子内水素結合を有する2-(2'-ヒドロキシフェニル)イミダゾピリジン(HPIP)が
示す固体ESIPT発光の制御法として、従来の合成化学による化学構造変換を通じた電子状態制御(粗調整機構)に加え、
新しい方法である分子の化学構造は変えずに集積構造を変えることによる状態制御(微調整機構)について、X線結晶構
造解析や量子化学計算などから有効性を明らかにした。これらを組み合わせた二元制御機構が、固体発光波長を広くか
つ段階的に制御可能にする手法であることを実証し、新しい有機固体発光材料の創成に向けた分子設計において有用性
の大きい考え方となることを示した。

研究成果の概要（英文）：This research showed the validity of the new concept for controlling the 
solid-state ESIPT luminescence property based on the polymorphism of supramolecular assembly without 
changing chemical structure of compounds ("fine" control mechanism) by means of X-ray crystallographic 
analysis and quantum chemical calculation, in addition to the conventional synthetic modification of the 
electronic state of compounds ("coarse" control mechanism). Combination of the above two controlling 
mechanisms were confirmed to be useful for tuning the luminescence wavelength gradually and widely, which 
surely presented considerable potential leading to a valuable designing concept for developing novel 
organic luminescent materials.

研究分野： 有機光機能化学

キーワード： 光物性　蛍光発光　有機固体　結晶多形　ESIPT発光　計算化学　イミダゾピリジン　集積誘起発光AIE
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Graphical Abst. Color of ESIPT luminescence of HPIP is tuned in 
a wide range by introducing aryl group(s), and thus a series of PIPs 
showing blue to red emission is realized.�

9�7�8�2�1BG�10�

N

N

OR3R2

R1

HPIP (R3: H)  
PIP (R3: H or CH3) 
R1, R2: Aryl�

300 400 500 600 700 
Wavelength / nm 

c 
b 

e 

d 
f  

a  

B D 

F  

E 

A  

C 

PS  

PVAC  

PEG  

Colorless, Transparent, Dye-Doped Polymer Films Exhibiting Tunable 
Luminescence Color: Controlling the Dual-Color Luminescence of 2-(2'-
Hydroxyphenyl)imidazo[1,2-a]pyridine Derivatives with the Surrounding Matrix �

300 400 500 600 700 
Wavelength / nm 

N

N

OH

R1

Normal Lumin.� ESIPT Lumin.�



 

 

cʌ���#91���206���
������!-;09���206�����
�
�� mlʍH�
ycƍǷʄp �$�$ ȼŎàTȉƙĹũnåŁ
^� �&�$' Ǥñ�Ǳ\cHǕn  ȞpǤñ�
Ǳ\c ����¨ �$�$ qȉƙĹũkǤñǕŵ
kpɭɕŵ�Ƭȴ^�ɛúmȄjN�Gùŀ
ɌəȳȀ�'����'���!# ml�~�GƛɐƆù
ŀkpǪÒáǟTǤñǕŵnɣȬjN�Y
kTǱZ�cʌ�9>:;�71�866���
����$2>:��
�206���206��$2>:���
�� mlʍHY�~�Ű
ɀƎƵƯpİƠǦmȕQƒ�ƕ�Sn\cH�
� ×ÈpŸƧ~�GęŸĊńkɉùŀĊńp
ÑïƵƯn~�ĬàǤñÿůkOPƒǀɁ
pƜǟŵ�ƕ�Sn\cH�
�
ʗʐÎmǤȩɁƏǾ�
LɸȺɁƏMʌȳ� 16� Øʍ 
1. Toshiki Mutai, Tatsuya Ohkawa, 

Hideaki Shono, Koji Araki, 
“Development of Aryl-substituted 
2-Phenylimidazo[1,2-a]pyridines (PIP) 
with Various Colors of Excited-State 
Intramolecular Proton Transfer (ESIPT) 
Luminescence in the Solid State”, J. 
Mater. Chem. C, 2016, 4, 3599–3606. ƨ
ȾƜ, DOI:10.1039/c6tc00376a 

2. Saori Takeda, Hiroka Yamada, Toshiki 
Mutai, Isao Yoshikawa, Hirohiko 
Houjou, “Triarylmethane Dye-Conjugated 
Hexanuclear Zinc Complexes: 
Photophysical Properties and 
Cyanide-Selective Anion-Sensing 
Behavior”, Dyes and Pigments 2015, 121, 
372-378. ƨ Ⱦ Ɯ , 
DOI:10.1016/j.dyepig.2015.05.038. 

3. Shintaro Furukawa, Hideaki Shono, 
Toshiki Mutai, Koji Araki, “Colorless, 
Transparent, Dye-Doped Polymer Films 
Exhibiting Tunable Luminescence Color: 
Controlling the Dual-Color 
Luminescence of 2-(2'-Hydroxyphenyl) 
imidazo[1,2-a]pyridine Derivatives with 
the Surrounding Matrix”, ACS Appl. 
Mater. Interfaces, 2014, 6, 16065–16070. 
ƨȾƜ, DOI:10.1021/am503956t. 

4. Satomi Hara, Hirohiko Houjou, Isao 
Yoshikawa, Hiroyasu Sato, Akihito 
Yamano, Yukiko Namatame, Toshiki 
Mutai, Koji Araki, “Spectroscopic 
Tracking of Schiff Base Compounds' 
Hydrogen Bonding Reorganization 
Associated with Solid-to-Solid Phase 
Transition”, J. Phys. Chem. A, 2014, 118, 
6979–6984. ƨ Ⱦ Ɯ , 
DOI:10.1021/jp5063034. 

5. Yasuhiro Shigemitsu, Toshiki Mutai, 
Hirohiko Houjou, Koji Araki, “Influence 
of intermolecular interactions on solid 
state luminescence of imidazopyridines: 
theoretical interpretations using 

FMO-TDDFT and ONIOM approaches”, 
Phys. Chem. Chem. Phys., 2014, 16, 
14388-14395. ƨ Ⱦ Ɯ , 
DOI:10.1039/c3cp55461a. 

6. Toshiki Mutai, Hideaki Shono, 
Yasuhiro Shigemitsu, Koji Araki, 
“Three-color Polymorph-dependent 
Luminescence: Crystallographic 
Analysis and Theoretical Study on 
Excited-state Intramolecular Proton 
Transfer (ESIPT) Luminescence of 
Cyano-substituted 
Imidazo[1,2-a]pyridine”, 
CrystEngComm, 2014, 16, 3890-3895. 
ƨȾƜ, DOI:10.1039/c3ce42627k. 

7. Hiroto Achira, Muneyuki Ito, Toshiki 
Mutai, Isao Yoshikawa, Koji Araki, 
Hirohiko Houjou, “Spontaneous helical 
folding of bis(Ni-salphen) complexes in 
solution and in the solid state: 
spectroscopic tracking of the unfolding 
process induced by Na+ ions”, Dalton 
Trans., 2014, 43, 5899-5907. ƨȾƜ , 
DOI:10.1039/c3dt53397b. 

8. Toshiki Mutai, Hiroaki Sawatani, 
Toshihide Shida, Hideaki Shono, Koji 
Araki, “Rational Approach to Tuning of 
Efficient Excited-State Intramolecular 
Proton Transfer (ESIPT) Fluorescence of 
Imidazo[1,2-a]pyridine in Rigid Matrices 
by Substituent Groups”, J. Org. Chem. 
2013, 78, 2482-2489. ƨ Ⱦ Ɯ , 
DOI:10.1021/jo302711t. 

9. Toshihide Shida, Toshiki Mutai, Koji 
Araki, “Sterically Induced 
Polymorphism: ON-OFF Control of 
Excited- state Intramolecular Proton 
Transfer (ESIPT) Luminescence of 
1-Methyl-2-(2'-Hydroxyphenyl)benzimid
azole”, CrystEngComm, 2013, 15, 
10179-10182. ƨ Ⱦ Ɯ , 
DOI:10.1039/c3ce41742e. 

10. Yasuhiro Shigemitsu, Toshiki Mutai, 
Hirohiko Houjou, Koji Araki, 
“Excited-State Intramolecular Proton 
Transfer (ESIPT) Emission of 
Hydroxyphenylimidazopyridine: 
Computational Study on Enhanced and 
Polymorph-Dependent Luminescence in 
the Solid-State”, J. Phys. Chem. A, 2012, 
116, 12041-12048. ƨ Ⱦ Ɯ , 
DOI:10.1021/jp308473j. 

 
LńÚǤȩMʌȳ� 21� Øʍ 
ƀŬR~såʂɂǑ 
1. Ĉė èƲ,JƜƵɉùŀpǤñĊńK, ĺ

ɮŢǼĺń ǽ 74 ħǥʋ�·¥Å, ĺ
ɮŢǼĺńʌĺɮŢĳŘʍ, 2015.10.26. 

2. Ĉė èƲ,JǕǣmǤñ�Ǳ^ƜƵɉù
ŀpĊńKʎŠœĺńĺńɲŗńǮǹǴ 



 

 

ǕýɂǑÚ , ŠœĺńʌƥŠœŘʍ , 
2014.12.08. 

3. Ĉė èƲ,JƜƵɉùŀp¯�£À·§
 �Ã�kapÑïÿůK, 4S6-14, Ǖ
ýÙǡÄÀ·§ �Ã�Ċń�Ã�Ã°
ÀʜƑńǛS�ȟɫVɾƑǦǤñĊńʑ
ƔƠĊńÚǽ 94 ƗŃşÚ, Ĝĕőĺń, 
2014.03.30. 

4. Toshiki MUTAI, “Structure/property 
relationship of polymorph-dependent 
ESIPT luminescence”, 3H1-45, Asian 
International SymposiumʑƔƠĊńÚǽ
94 ƗŃşÚ, Ĝĕőĺń, 2014.03.29. 

5. Ĉė èƲ, ɩŔĺńĺńɲŗńǮǹǴ 
ĊńÄǔɆŗń�·¥Å ǽ 627 ħãÚ
JɉùŀpȕQƒnİhVƜƵĬàǤ
ñƢƐK, ɩŔĺń, 2012.12.07. 

6. Toshiki MUTAI, “Piezo/Mechanochromic 
Luminescence of p-Substiututed 
1,3,6,8-Tetraphenylpyrene Derivatives”, 
OABC16, 17th Malaysian Chemical 
Congress (17MCC), Kuala Lumpur 
(Malaysia), 2012.10.15. 

ÆȜɂǑ�
1. ùŀɬǪÒáǟɟÝ�Ɯ^��·��

®¿�ÃȼŎàpĬà ESIPT Ǥñʎɦ
Ǡ ȔŞʎĚŖ� Ăʎċƫ ĎŪʎĈė è
ƲʎƔƠĊńÚǽ 96 ƗŃşÚ, ěűǲ
ĺʌÓɠŢÓǠɏŘʍ, 2016.03.26. 

2. “Enhanced solid-state ESIPT luminescence 
of imidazopyridine derivatives: Polymorph 
dependence and stimuli-responsive 
behavior”, Toshiki Mutai, Yasuhiro 
Shigemitsu, Hdeaki Shono, Tatsuya Ohkawa, 
Hirotaka Sawatani, Koji Araki, 
03MACR-1455, PACIFICHEM2015, 
Honolulu, 2015.12.19. 

3. �·��®¿�ÃȼŎàpĬà ESIPT
ǤñnRX�ȐƈİĆƧ , Ĉė  èƲ , 
ƾɄ ǅɳ, ăȥ� ſ, ĚŖ� Ă, ċƫ 
ĎŪ, Ȣƞ łÑ, ʔʒʓʗñĊńȴɁ
Ú, ĺɮŘǼĺʌĺɮŘʍ, 2015.09.11. 

4. ȫƍpȐƈİ�Ŏò\c¯�¦À�·
��®¿�ÃpĬǪ ESIPT Ǥñʎăȥ�
ſʎĚŖ� Ăʎċƫ�ĎŪʎĈė èƲʎ
ƔƠĊńÚǽ 95ƗŃşÚ, ƔƠĺńʌČ
ȣǫȝƳŘʍ, 2015.03.28. 

5. ȉƙĹũnåŁ^� ESIPT Ǥñ C �À
�ÀİpǼàĆƧn~�ƺȅȉępÿ
ůʎĈė èƲʎűǠ èǳʎȢƞ łÑʎ
ʔʒʓʖñĊńȴɁÚ, ċǆəĺńʌơ
ŜŘʍ, 2014.10.11. 

6. “Control of ESIPT Luminescence of 
1-Methyl-2-(2'-hydroxyphenyl)benzimidazo
le by Sterically Induced Polymorphism”, 
Toshiki Mutai, Toshihide Shida, Koji Araki, 
P202, XXVth IUPAC Symposium on 
Photochemistry, Bordeaux (France), 
2014.07.15. 

7. ȉƙÍnRX�²Ã��·��ÅÀȼ

Ŏàp ESIPT Ǥñ CȉƙƯɔk�À�
ÀİpǼàĆƧ, Ĉė èƲʎűǠ èǳʎ
Ȣƞ łÑʎǽ 24ħİǰƜƵĊńȴɁÚ, 
ńȓɲĺʌƥÓɠʍ, 2013.09.06. 

8. ¯�¦À�·��®¿�ÃȼŎàR~
sapɡÝĊęǔTǱ^ĬàǤñʎĈė 
èƲʎǝɤ ǳƕʎȢƞ łÑʎǽ 25 ħ
ɡÝĊęǔpñĊńȴɁÚ, ßɅÂ�
¼À´¡ÀʌßɅǫĥǂŘʍ, 2013.08.07. 

9. ĸɟǜĴĨŀn~�ƑcmƜƵĬàǤ
ñpÿůǀɫǤ, ĕŖ éĻɞ, ǝɤ ǳ
ƕ, Ĉė èƲ, Ȣƞ łÑ, ƔƠĊńÚ
ǽ 93 ƗŃşÚ, ǼĢʆĺʌǐɅǫȡǂ
Řʍ, 2013.03.23. 

10. ɷǸƯɔķĊn~�°ÂºȐƈ�·�
�®¿�ÃpĬǪ ESIPT Ǥñ�� �
Ã�, ʊƳ îâ, ƾɄ ǅɳ, Ĉė è
Ʋ, Ȣƞ łÑ, ƔƠĊńÚǽ 93 ƗŃş
Ú , Ǽ Ģ ʆ ĺ ʌ ǐ Ʌ ǫ ȡ ǂ Ř ʍ , 
2013.03.24. 

11. ùŀöʑùŀɬƺȅȉęnİhV N-Ȑ
ƈ²Ã��·��ÅÀpĬàǤñÿů, 
űǠ èǳ, Ĉė èƲ, Ȣƞ łÑ, ǽ
21 ħƜƵȉƙ�Ãµ��¸, ƥÓŗƭ
ĺʌƱǄŘʍ, 2012.11.10. 

12. ²Ã��·��ÅÀȼŎàp ESIPT Ǥ
ñnŋ^� N1-�À�ÀȐƈpĆƧ, ű
Ǡ èǳ, Ĉė èƲ, Ȣƞ łÑ, ǽ 23
ħİǰƜƵĊńȴɁÚ, Óɠ¡À�ʌÓ
ɠŘʍ, 2012.09.20. 

13. “Solid-state ESIPT Luminescence – 
Multi-color Emission Based on Crystalline 
Polymorphism”, Toshiki Mutai, Koji Araki, 
PO93, XXIVth IUPAC Symposium on 
Photochemistry, Coimbra (Portugal), 2012. 
07.16. 

�
LīƚMʌȳ� 1� Øʍ�
1. Koji Araki, Toshiki Mutai,  “Packing- 

Directed Tuning and Switching of 
Organic Solid-State Luminescence” in 
Specialist Periodical Reports, 
Photochemistry, vol. 43 (ed. by Elisa 
Fasani), the Royal Society of Chemistry, 
London, 2015, p. 191-225.  

�
LapÕM�
´Å¸³Å�Ǿ�
�
ʘʐǮǹȈȏ�
���ǮǹÖȩȖ�
� Ĉė� èƲʌ!('����'8:2343ʍ�

ƥÓĺńÄǝǞżȨǮǹźÄĄƋ�
� ǮǹȖǢĘʜʚʒʕʓʕʓʓʔ�
�
���ɕƉǮǹȖ�

ĚŖ� Ăʌ,#&����*����:-8ʍ�
ƥÓĺńÄǝǞżȨǮǹźÄżȨŌɪȗģ�

� ǮǹȖǢĘʜʓʒʖʒʓʔʚʕ�




