ERXEEFAMBINRERE X-NRX—2arA70sS5h
MABRETOI S L

RIHEE
RLA  ER 274 F 20 B

1. BRE (B4F5E

K & itE & PAREE | H26
BB THFRH = o= |

B % B A=)

MARER Y2 7 VIVEEROBMEEZHADOEH

BINEMEE | FRR26F4B 2R~ FERUTEIBUA

. E4 : United Kingdom

i3 REPEMIFTIERIRA « University of Edinburgh
(ZzEksp) | ARERSE ;). Paul Attfield Lab.
FAMEESR : Prof. J. Paul Attfield

2. BMOWE (&Y i
ERGEOMERE, MIEE L OKH, MRRBRROWRE., FEHPOFERERICD O THEE 500~1000
B THBRLTTEN, BFAMREELBELABEECHRERTHW-REFICDOWT, FREAHKET
FImRE L TIRBLUTTFEN, R=U#iconWwTidEmLthhEnEHA,

Prof. J. Paul Attfield Lab, where I stayed in University of Edinburgh, has a high-pressure
apparatus with multi-anvil type, which realizes an extreme reaction condition, i.e. high pressure
(~20 GPa) and high temperature (~1400 °C). 20GPa corresponds to the pressure at ~600 km deep
from the Earth’s surface. The advantage of the high-pressure machine is its ability to quench
sample to ambient pressure. Such sample with high-pressure phase has larger density than that
with ambient-pressure phase. This means that smaller space for ion-conduction, but it in turn
gives higher electrode potential. This is why I chose Edinburgh, which is the best place to try
synthesis and characterization of high-potential positive electrode materials.

Using the high-pressure machine I tried two kinds of research themes. What I have chosen for
seeking high-pressure structural transitions are trimolybdenum tetrasulphide (Chevrel phase,
MosSs) and lithium manganese oxide (LiMn:04). Both compounds are famous as positive
electrode materials for lithium and/or magnesium ion secondary batteries. I found high-pressure
phase of MosSs exists and can only be obtained only at 11GPa, 1200 °C, although I could not
obtain it as major phase. By contrast, high-pressure phase of LiMn204 was successfully obtained
as major phase at 6 GPa, 900 °C. I studied on room temperature lithium extraction from
high-pressure phase of LiMn204. As a result, via oxidation the original Mn-O framework
transformed into spinel-type framework. It is surprising from the fundamental viewpoint that

such inorganic system transforms at room temperature. These high-pressure works need further




investigation, and Prof. Attfield is willing to collaborate with me.

Apart from high-pressure synthesis, I also investigated lithium extraction from a lithium
titanium oxide (LiTi204). Different from common oxidant such as bromine and iodine, I found
that water can be used as a gentle oxidant. The obtained Lips3Ti2Q4 has no impurity, which
enable us to determine its crystal structure for the first time. By analyzing the powder X-ray
diffraction and neutron diffraction profiles I found that even at room temperature migration of Ti
atoms occurred in accordance with the lithium extraction, the degree of which has quantitative
relationship with the amount of the lithium deficiency. Prof. Attfield and I made fruitful
discussion about crystal structure and migration mechanism of LiossTi2O4, and the results are
now submitted to high-profile RSC journal Chemical Communications. LiTi204 is known as a
negative electrode material, when lithium is intercalated into LiTizO4. In the case of lithium
extraction, however, the electrode potential of Lin.33Ti204 was found to be ~+3 V vs. Li, suggesting
potential use as a positive electrode material.

I had an opportunity to have a seminar for School of Chemistry in Edinburgh (Thu 27 Nov
2014, 1 hour; https://www.csec.ed.ac.uk/seminars.) In my talk I focused on chemical modification of
layered compounds including my own works. After seminar Dr. Mark de Vries, a lecturer in
School of Chemistry showed much interest in magnetic properties of my compounds, since he
majors in quantum magnetism of two-dimensional compounds (e.g. Nature 468, (2010) 908). We
enjoyed our deeper discussion and we decided starting-up collaboration.

Consequently, I developed close and amicable relations with high-profile researchers in
Edinburgh during my stay. I am really grateful to Edinburgh and I believe that I carried out my

research mission successfully.






