
PRESS RELEASE 

Source: Tokyo Institute of Technology, Public Relations Section 

For immediate release:  September 19, 2018 
Subject line: Lighting it up: A New Non-toxic, Cheap, and Stable Blue Photoluminescent 
Material 

(Tokyo, September 19) Scientists at Tokyo Institute of Technology have designed a novel 
photoluminescent material that is cheap to fabricate, does not use toxic starting materials, 
and is very stable, enhancing our understanding of the quantic nature of 
photoluminescence. 

Understanding and mastering the generation of light could allow us to build and improve 
upon all kinds of optical and electronic devices for various applications. Quantum dots (QDs), 
specially tailored nanoparticles that emit light at certain frequencies when excited, are one 
of the central themes of nanotechnology. However, their applications are limited because it 
is hard to fabricate QD thin films, they use toxic starting materials like cadmium and lead, and 
synthesizing them is expensive. Some photoluminescent zero-dimensional (0D) materials (i.e. 
materials in which electrons are confined to a few nanometers and can be excited to produce 
light) have been tested, but they still relied heavily on lead. Thus, scientists at Tokyo Institute 
of Technology, led by Prof. Hideo Hosono, designed a novel photoluminescent lead-free 0D 
material and analyzed it to gain insight on the nature of photoluminescent materials.  

The fabricated material, Cs3Cu2I5, has a crystalline structure, as shown in Figure 1. The cesium 
atoms confine the [Cu2I5]3− units, which emit blue light when excited at specific frequencies 
similar to QDs. The researchers were able to fabricate a thin film using this material, which 
proved to be very stable and had excellent photoluminescent characteristics. “The thin film 
exhibited good stability under ambient conditions, that is, no noticeable degradation in 
photoluminescent quantum yield (PLQY) over two months,” states Hosono. 

The team went one step further and demonstrated two applications using this material. The 
first one was a white luminescent film, fabricated by mixing the blue-emitting material with a 
yellow phosphor at a specific ratio to produce white light. As shown in Figure 2, films that 
emit light of various colors could be prepared by varying the ratio of the ingredients used. The 
second application was a blue LED, which unfortunately exhibited poor electroluminescence 
(EL) performance. However, this allowed the team to better understand the underlying EL 
mechanisms, which will be useful in future research.  
“The exploration of low-dimensional compounds based on a Cu(I) halide proved to be a novel 
route obtain a Pb-free high-PLQY luminescent material,” concludes Hosono. Such materials 
will hopefully see the light of day in future optical and nanotechnological applications. 

Reference 
Authors: Taehwan Jun1, Kihyung Sim1, Soshi Iimura1, Masato Sasase2, Hayato Kamioka3, 

Junghwan Kim2*, and Hideo Hosono1,2* 



Title of original 
paper: 

Lead-Free Highly Efficient Blue-Emitting Cs3Cu2I5 with 0D Electronic Structure 

Journal: Advanced Materials  
DOI: 10.1002/adma.201804547 

Affiliations: 1Laboratory for Materials and Structures, Institute of Innovative Research, Tokyo 
Institute of Technology 

2Materials Research Center for Element Strategy, Tokyo Institute of Technology 
3Department of Physics, College of Humanities and Sciences, Nihon University 

 
*Corresponding author’s email: hosono@msl.titech.ac.jp JH.Kim@mces.titech.ac.jp 
 

 
Figure 1. Structure of the proposed material   
Crystalline structure of the proposed material. The green dots represent cesium atoms, and 
the blue bodies correspond to the [Cu2I5]3− units that are confined between them. The cesium 
atoms plus the [Cu2I5]3− units can be regarded as core-shell structures, which enhance the 
photoluminescent properties of the material. 
 

 
Figure 2. Fabrication of a white photoluminescent film 
(a) By mixing the proposed material with a yellow phosphor, a white photoluminescent film 
was made, demonstrating one of the potential applications of this novel material. (b) The 
color of the produced photoluminescent film can be changed by adjusting the ratio of the 
proposed material to the yellow phosphor used.  
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About Tokyo Institute of Technology  
Tokyo Tech stands at the forefront of research and higher education as the leading university 
for science and technology in Japan. Tokyo Tech researchers excel in fields ranging from 
materials science to biology, computer science, and physics. Founded in 1881, Tokyo Tech 
hosts over 10,000 undergraduate and graduate students per year, who develop into scientific 
leaders and some of the most sought-after engineers in industry. Embodying the Japanese 
philosophy of “monotsukuri,” meaning “technical ingenuity and innovation,” the Tokyo Tech 
community strives to contribute to society through high-impact research. 
www.titech.ac.jp/english/ 
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