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★賛助会員からのお知らせ  



 
Triboluminescence of pyridinophane CuI (NHC) complexes  

in crystals and polymers 

Okinawa Institute of Science and Technology 
Coordination Chemistry and Catalysis Unit 

Ayumu Karimata, Julia R. Khusnutdinova 
 

 First observation of triboluminescence of transition metal complex in amorphous polymer film. 

 

Triboluminescence (TL), which is also called mechanoluminescence (ML) or fractroluminescence (FL), is a 

phenomenon in which light emission is caused by crushing, grinding, or rubbing materials1-4. In more general 

terms, triboluminescence is a way of converting mechanical energy directly to light. Currently, 

triboluminescent materials attract attention as components for damage sensors1,2, self-powered displays3, 

pressure-sensitive devices. etc. Despite its long history (first example of TL was recorded by Bacon in 1605), 

the detailed mechanism of this fascinating phenomenon remains a subject of debate until now, and search for 

new TL materials and their applications remains an active area of research. Among many types of TL 

materials, europium and terbium complexes have been widely studied, however, the use of rare earth metal-

based materials has certain disadvantages due to their high cost and low availability. At the same time, there 

are only a few reports of inexpensive transition metal complexes that show TL in the crystalline state, 

however, no examples of transition metal-based amorphous materials (such as amorphous polymer films) 

were known until recently1-5.  

Photoluminescent CuI complexes have been studied extensively for OLED, photo-catalysis, and chemical 

sensors because copper is a cheap and abundant metal. Although there are many reports on mechanochromic 

behavior of photoluminescent CuI complexes in crystalline state, examples of triboluminescent CuI 

complexes are extremely limited and it is difficult to single out a particular family of copper complexes where 

this phenomenon could be systematically studied by variation of substituents or counteranions6. 

Our research group has synthesized and studied a new series of CuI complexes bearing a flexible 

macrocycling ligand, pyridinophane (RN4) in order to create new stimuli-responsive polymer materials7. 

During these studies, we found that [(RN4)CuI(NHC)]X complexes (NHC = N-heterocyclic carbene) show 

good air stability and high photoluminescence quantum yield (PLQY). Furthermore, we demonstrated earlier 

that when such complexes are covalently incorporated as cross-linkers into an elastic polymer chain, the 

photoluminescence intensity changes in response to simple film mechanical stretching/release in a sensitive 

and repeatable manner (< 0.1 MPa and < 100% in strain). Thus, these systems showed potential in the 

visualization of mechanical stress distribution in the polymer by observing changes in photoluminescence 

1. 研究紹介 



intensity using simple imaging method in real time using a CCD camera8. However, this approach required 

(i) covalent attachment of the metal complex to the polymer and (ii) using external excitation source (e.g. 

commercial “blacklight” UV lamp) to observe emission via photoluminescence.  

Serendipitously, during these studies we noticed that the entire family of six [(RN4)CuI(NHC)]X complexes 

Cu1-6 with variable ligands and counteranions (Scheme 1) also show intense TL simply by grinding the 

crystals with a spatula or glass rod, which can be visible even by a naked eye in air. Detailed investigation of 

the photophysical properties of these complexes showed that they have good PLQY of 0.660.83 in crystals 

and 0.510.79 in poly(methylmethacrylate) (PMMA) films. Interestingly, Cu14 with different 

counteranions (PF6
-, CF3SO3

-, CF3COO-, BPh4
-) show 

similar PLQY, indicating the effect of counter anion in 

the crystals is not significant. The photographs of the 

crystals Cu16 producing light emission by grinding 

them under air are shown in Figure 1. We then 

attempted to capture the moment of generation of light 

from the crystal by using high speed camera. The 

crystal of Cu5 was compressed by the two glass plates 

under air and the photographs show light emission on 

the cracks in the crystal 

during the fracture (Fig 2). 

The emission imaging of 

the TL taken by high speed 

camera from the side view 

clearly confirmed that TL 

is generated inside crystal, 

not from the contact 

surface (Fig 3). 
One of discussed 

mechanism of TL is that 

strong electric field is 

generated on the cracked 

surface of a piezoelectric 

(non-centrosymmetric) 

crystal when the crystal is 

broken, which leads to excitation of a molecule in the crystal1-5. However, there are many reports on TL in 

non-piezoelectric crystals thus consistent with the idea that TL may be generated via various mechanisms. 

Our study with crystals of Cu16 show that both centrosymmetric and non-centrosymmetric crystals show 

 
Scheme 1. Chemical structures of 
[(RN4)CuI(NHC)]X (Cu16) (Bn = benzyl, Mes = 
mesityl, Dipp = 2,6-diidopropyl phenyl) 

Table 1. TL properties and space group for crystalline and PMMA (1 wt%) of 
Cu1–6 under a nitrogen. 

Cu  Anion max in crystal  max in PMMA Space groupa 

Cu1 PF6 544 526 Pca21, NC 

Cu2 OTf 539 530 Pca21, NC 

Cu3 CF3Ac 536 536 Pca21, NC 

Cu4 BPh4 540 527 Pbca, C 

Cu5 PF6 536 552 P21/n, C 

Cu6 PF6 527 543 P212121, NC 
a C: Centrosymmetric, NC: Non-centrosymmetric 

 
Figure 1. Photographs of TL in crystal of (a) Cu1, (b) Cu2, (c) Cu3, (d) Cu4, 
(e) Cu5, and (f) Cu6. The crystals in glass tube were ground under air. 



intense TL (Table 1). Powder X-ray diffraction patterns of ground crystals were consistent with the simulated 

patterns obtained from single crystal of Cu16, indicating that packing structure does not change by 

mechanical grinding. Strong molecular interactions such as  stacking or dipole interaction are not present 

in the crystals. 

 
Figure 2. Photographs of TL of crystal of Cu5 taken by high speed camera (view from top). The crystal (size: 

ca. 2 mm) was compressed between two glass plates under air. 

 
Figure 3. Emission imaging for TL of the crystal of Cu5 (size: ca. 2 mm) that was compressed between two 

glass plates under air (view from side). 

 

Based on clearly observed photoluminescence 

from polymer-blended complexes, we decided 

to examine if triboluminescence phenomenon 

will also be observed in the polymer films. 

Application of easily prepared polymer films 

that can be easily prepared by simple mixing 

and casted as coatings on the surface is 

significantly more attractive for possible 

practical applications of such materials in 

device fabrication as compared to using 

purely crystalline materials. Surprisingly, 

when small amounts of Cu16 were 

physically blended into rigid polymer films 

(e.g. PMMA) simply by dissolving and 

casting from solution, such films also exhibit 

visible TL when rubbed with a glass or plastic rod, even without tearing or rupturing the film. The 

photographs of TL of 10 wt% PMMA films are shown in Figure 4. Powder X-ray diffraction analysis as well 

as fluorescence microscopy images confirmed the absence of crystalline phase and nano/microparticles in 

the PMMAs with 1 wt% and 10 wt% of Cu16. Previous studies on TL of photoluminescent molecules in 

polymers have not revealed the generation of TL from amorphous state, or have shown TL from crystals 

dispersed in polymers6,9-12. To the best of our knowledge, this is the first observation of TL of transition metal 

complex in amorphous polymer film. Red-shift of TL compared to photoluminescence was also confirmed, 

which can be ascribed to different environment on the rubbed surface of PMMA. To get insight into the origin 

 
Figure 4. Photographs of TL of PMMA film (diameter: ca. 
5.5 cm) containing 10 wt% of (a) Cu1, (b) Cu5, (c) Cu6. 
The films were rubbed with a glass rod under Ar gas. 

 

Figure 5. TL spectrum of Cu5 in PMMA film (1 wt%) under 
different gas of Air, N2, Ar, He, CO2, SF6, and vacuum (0.5 Torr). 

400 500 600 700 800 900

 N2

 Ar
 He
 CO2

 Vacuum
 SF6

 T
L 

in
te

ns
ity

 (a
.u

.)

Wavelength (nm)



of TL in PMMA film, TL spectra of Cu5 in PMMA (1 wt%) were measured under different gas flow including 

nitrogen, argon, helium, carbon dioxide, sulfur hexafluoride, as well as under vacuum (0.5 Torr). TL of 

Cu16 from PMMAs are not observed in air, which is probably due to quenching of excited state by oxygen 

or high humidity. A broad emission band of Cu5 was observed along with sharp intense peaks that can be 

ascribed to gas plasma emission of nitrogen, argon, or helium (Figure 5). This is sharp contrast to TL in the 

crystals where no discernible gas discharge lines were observed. Unexpectedly, under CO2 gas and under 

vacuum (0.5 Torr), the emission spectra showed only the TL peak of Cu5 without the gas discharge peaks. 

Interestingly, emission was extremely weak in SF6 gas. This result implies that triboelectrification is likely 

involved in the observed TL properties of Cu-containing polymer films leading to generation of the electric 

field and gas discharge, which eventually causes photoluminescence of the copper complex blended into the 

film. More importantly, we have shown that this may be observed in the absence of the crystalline phase 

using a simple Cu complex. Our discovery will provide new opportunity of organometallic compounds for a 

wide range of applications including mechanical sensors capable of visualizing mechanical actions on 

polymer materials via photoluminescence, and mechano-responsive materials such as self-glowing materials. 

Detailed studies including screening of various luminophores and polymers for effective TL in polymers as 

well as mechanistic investigation are ongoing. 
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２０２０年度 
先端錯体工学研究会賞 

先端錯体工学研究会奨励賞 

先端錯体工学研究会技術賞 

候補者募集のお知らせ 

 

先端錯体工学研究会賞，先端錯体工学研究会奨励賞および先端錯体工学研究会技術賞の候補

者について，会員によるご推薦をお願いいたします。  

なお，2020年度の各賞の受賞年は 2021年ですが、2020年度までの業績に対しての授賞と

なります。 

 

各賞候補者の推薦方法 

１．提出書類  

つぎの１）～３）の書類を電子メールまたは郵送でご提出願います。  

１）  推薦者  

Ａ４版用紙（縦）２枚以内に横書きで，「先端錯体工学研究会賞授賞候補者推薦書」，「先

端錯体工学研究会奨励賞授賞候補者推薦書」，あるいは「先端錯体工学研究会技術賞授賞候

補者推薦書」と標記し，つぎの項目を記載  

①推薦者：氏名、勤務先・役職、連絡先（住所，電話番号，FAX 番号，メールアドレス）  

②授賞候補者：氏名，勤務先・役職，連絡先（住所，電話番号，FAX 番号，メールアド

レス），略歴  

③授賞候補者の業績題目  

④授賞候補者の業績概要および推薦理由  

２）  業績リスト  

Ａ４版用紙（縦）に横書きで記入  

３）  参考資料  

推薦業績に関係する参考資料（論文、総説、特許等）の別刷りまたはコピー  

（５報以内、各５部、電子メールでの提出の場合は、pdf ファイル）  

  

２．推薦の締切  

２０２１年１１月３０日（火）必着のこと。  

  

３．推薦書類送付先  

〒141-8648  東京都品川区東五反田 4−1−１７  

東京医療保健大学  大学院  医療保健学研究科  

先端錯体工学研究会  事務局  

松村有里子  

電話: 03-5421-7685  

e-mail: y-matsumura@thcu.ac.jp 

2. 2020年度 SPACC 各賞募集のお知らせ 



 

 

先端錯体工学研究会(SPACC)会員の皆様におかれましては、常日頃より本学会の活動にご支援・

ご協力を賜り、誠にありがとうございます。学生様につきましてもご入会をお待ちしております。

ご希望の場合、1 研究室あたり年会費 1,000 円で、20 名様まで入会・登録していただけます。

SPACC が主催する国際会議において、ポスター賞の審査には、必ず学生会員登録が必要です。 

 

   

3. SPACC 一般会員および学生会員ご入会のお願い 

[年会費] 

・個人正会員  

賛助会員: 50,000円, 正会員 : 3,000円 

・学生会員 (１口) 1,000円  

(１研究室で１口につき２０名まで) 

・法人会員（１口）  

維持会員: １０万円 

一般会員: ２万円 

振込先: 先端錯体工学研究会  

・振込用紙を用いた郵便振込 

００１３０-７-７７３５４９  

 

・銀行からのお振込  

ゆうちょ銀行 

（金融機関コード：９９００）  

〇一九店（店番：０１９）  

当座 ０７７３５４９  

 

＊学生会員の場合:  

会費の振り込みの際は、担当教員名か研究室

名を、通信欄あるいは振込者名に書き加えて

下さい。また、登録学生およびメールアドレ

スは、忘れずに事務局宛にお知らせくださ

い。 

[入会手続] 

・電子メールによる手続 

以下の URL に記載されているフォームをダウ

ンロードするかコピーして必要事項をご記入

の上、 

jimukyoku@spacc.gr.jp 宛に送信してくださ

い。  

個人正会員用 : http://spacc.gr.jp/page2e.html 

学生用会員: http://spacc.gr.jp/page2f.html  

法人用: http://spacc.gr.jp/page2g.html 

 

・郵送による手続  

以下の URL に記載されているフォームをダウ

ンロードして、必要事項をご記入の上、事務局

宛に郵送して下さい。 

個人正会員用 : http://spacc.gr.jp/page2e.html 

学生用会員: http://spacc.gr.jp/page2f.html  

法人用: http://spacc.gr.jp/page2g.html  

 

郵送先  

〒141-8648 品川区東五反田 4-1-17  

東京医療保健大学大学院  

医療保健学研究科  

松村 有里子 



 

  
 
 
 
 
 
 
 
 

先端錯体工学研究会事務局 
E-mail: jimukyoku@spacc.gr.jp 

東京医療保健大学大学院   松村有里子 

ニュースレター担当への問い合わせ方法 
 ご研究紹介等, SPACC ニュースレターへ

のご寄稿をしていただける場合や, 本会が
主催または協賛するシンポジウムの情報

は, 事務局までお気軽にお知らせください.  

The 28th International SPACC 
Symposium (SPACC28) 

 
場所: 台湾 
会期: 2023年（時期未定） 
（再延期しました） 
担当: 天尾 豊 (大阪市立大学) 
      Kevin C.-W. Wu  

(National Taiwan University) 
 詳細は, 追ってご連絡致します 

The 28The 27th International SPACC 
Symposium (SPACC27) 

 
場所: 高知工科大学永国寺キャンパス 
会期: 2022年（時期未定） 
（再延期しました） 
担当: 小廣和哉 (高知工科大) 
      伊藤亮孝 (高知工科大) 
      松本健司 (高知大学) 
 詳細は, 追ってご連絡致します.  
 

The 27

Pacifichem2021 シンポジウム（#127） 
" New Directions in Homo/Heterogenous Catalysis of  

Hydrogen Production and CO2 Utilization " 
会期：2021年 12月 15日～２０日 

会場：Virtual (Online) 

 

シンポジウム世話人： 

Yutaka Amao, Yusuke Yamada, David E Herbert, Shi Zhang Qiao 

編集後記 
今年のノーベル化学賞は有機触媒が受賞テーマでしたね。2010 年にクロスカップリング

触媒でノーベル化学賞をご受賞された根岸英一先生と本研究会は、工学院大学での本

研究会の国際会議で御講演を賜った御縁があります。今年６月の先生の訃報にふれ、研

究会としましては、次回号にて、根岸先生と関係の深い先生方にご寄稿いただき、追悼

特集を掲載させていただきたいと思います。（桑村） 

4. 今後の行事予定及び事務局からのお知らせ 



 


