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Title: Highly crystallized one-dimensional titania nanoscalematerials for dye-sensitized solar cells 
 
Speaker: Prof. Motonari Adachi, Fuji Chemical Co., Ltd., Japan 
 
Abstract 
Dye-sensitized solar cells (DSSCs) have attracted much attention as they offer a possibility of extremely 

inexpensive and efficient solar energy conversion. The energy conversion efficiency of the cells for commercial 

devices has not yet reached the level which provides lower cost than that of conventional methods of electricity 

generation using fossil fuel. Therefore, attainment of higher efficient cells is one of the most important challenges 

for DSSCs. We present first that all DSSCs with electrodes composed of three kinds of highly crystallized 

one-dimensional titania nanoscale materials (1DTNM) synthesized in our laboratory showed high 

light-to-electricity conversion efficiency around 9%. Next, necessity of highly crystallized 1DTNM for fabricating 

highly efficient DSSCs is shown based on a theoretical consideration of electron transport processes deduced from 

Nyquist plots obtained in electrochemical impedance spectroscopy (EIS) and I－V measurement. The 

consideration was verified by systematic experiments, in which titania nanowires (TNWs) with network structure 

were chosen as a highly crystallized 1DTNM. The cells with electrodes made of various TNW content from 0% to 

100 % of TNWs mixed with P-25 were fabricated. Based on the measurements of I－V relationship and EIS 

measurements of these cells, the following three points were clearly demonstrated as verification of the 

consideration; 1) resistance of electron transport in the titania electrode to the conducting glass electrode is small 

(see Fig. 1), 2) the ratio of the resistance for the recombination reactions against that for the transport rate to the 

conducting glass electrode is large (see Fig. 2), i. e., efficiency of electron collection is high, and 3) electron 

density in the titania electrode is high (see Fig. 3). These points are essencially important to realize high efficiency 

in DSSCs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Title: Nano-constructed Thermoelectric Materials and Its Applications in New Energy 
Technology 
 
Speaker: Dr. Zhiyu Hu, Institute of Nano Micro Energy, Shanghai University, China 
 
Abstract 
Thomas Seebeck discovered the thermoelectric effect in 1823 when he noticed that a voltage drop occurs across a 

material w ith a  t emperature g radient. F rom 195 0s, binary s emiconductors ( such a s B i2Te3) de monstrate t he 

greatest thermoelectric effect at room temperature (ZT~1). In the past a few decades, thermoelectric materials and 

devices are p laying more and more act ive roles in both our daily l ife and scientific co mmunity. In the past, the 

majority research activities in searching for better thermoelectric materials are focused on homogeneous alloy-like 

multi-component m aterials i n t heir bul k f orms. R ecently, na no-constructed he terogeneous m ulti-layer f ilm-like 

materials d emonstrated p romising f uture, as  s eemly el ectrical a nd t hermal co nductivities co uld b e influenced 

separately by multi-layer structure. High performance thin thermoelectric device may find many applications such 

as IC chip cooling or on-site thermal-to-electrical energy generation.  

In r ecent y ears, m icro-/nano-fabrication t echnology h as ex pended its a pplications f rom m anufacturing 

miniaturized mechanical/electrical systems to serving more complex biological/chemical/medical purposes. There 

are also increasing efforts of employing micro-/nano-technology to create electrical or mechanical power systems 

that promoted growing research in power-MEMS/NEMS area. In this paper we will d iscuss of the possibility of 

building a nanoscale heat engine or nanomachine that could achieve much higher power density and higher energy 

conversion efficiency, which are not easy to obtain on the macroscale. On the macroscale, physical and chemical 

phenomena a re dom inated by  hi gh di mensional parameters s uch a s m ass ( l3). O n t he na no/microscale, t he 

governing factors are replaced by low dimensional parameters such as van der Waals force (l1/4), surface tension 

(l), and friction (l2). Power density is a v ery important aspect of machine performance. According to the scaling 

laws, a nanoengine could have much higher power, higher energy conversion efficiency, and higher power density 

than a large-scale engine having the same volume. In this paper, we will discuss the basic concept of building a 

nanoscale heat engine and discuss its advantages and possible applications that might lead to the development of a 

new class of high-performance direct energy conversion system using nano-/micro-fabrication techniques.  

We will a lso r eport our  w ork i n de sign a nd f abricate c hemical e nergy pow ered hi gh out put MEMS s ystem. 

Two-dimensional room temperature combustion has been successfully achieved on a p atterned surface forming a 

“2D-fire” with a  th ickness in  n anometers.  Further discussion will b e in troduced to  understand its  s cientific 

significances, and more importantly i ts potential applications of establishing new class energy system. Such low 

temperature c ombustion M EMS-based e nergy s ystem will ha ve much hi gher e nergy conversion efficiency t han 

current high temperature combustion based power system - typically represented by internal combustion engine. 
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