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Enhanced Fuel Generation for Carbon-neutral Circulation and Oxygen Vacancy 
Formation Discovered from Electrochemical Reduction of Oxalic Acid 

Yu Sun1, Sho Kitano1, Kenichi Kato , Miho Yamauchi1,2
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Key Words: Active voltage contrast imaging, Electrical potential distribution

Imaging of electrical potential distribution of devices (e.g. Li-ion rechargeable battery) 
is a direct method for grasping the position of active site of them. Demand is growing for 
measurement techniques for observing electrical potential distribution with a higher spatial 
resolution (i.e. at the nanometer scale) as the size of devices continues to decrease.

AVC corresponding to the electrical potential distribution
in the SE images was able to be observed when the
applied voltage is less than or equal to 1 V.

Conclusion

Experimental Results and Discussion

Application of AVC imaging to the p-i-n junction for
perovskite (PVK) solar cell, which was able to  be
observed the secondary electron image.

Future Plan

Introduction

Helium ion microscopy, developed by Ward et al., is a new imaging technique with a high 
spatial resolution. To develop a new operando electrical potential distribution measurement 
technique, we tried active voltage contrast imaging using helium ion microscope. 
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Helium ion microscope (HIM)

B. W. Ward et al., J. Vac. Sci. Technol. B 
24 (2006) 2871.

field ionization emission
from the edge of ion source 

field-ion microscope
image of Trimer

fundamental principle illustration of HIM

Sample
Multilayer ceramic capacitors (MLCCs) 

(TAIYO YUDEN CO., LTD.)
Ni internal electrodes
BaTiO3 dielectric
3.2 2.5 2.5 mm
Interval between the two internal electrodes: 5 m
Electrostatic capacitance: 22 F

Applied voltage to electrodes
0 5 V (0.5 V step)

HIM measurement condition
Images : Secondary electron 
Acceleration voltage: 25.0 kV
Incident ion current: 0.9 pA
Dwell time: 0.2 s/pixel
Repeat count: 256

Characteristics of HIM
High spatial resolution (on the nanometer scale)
Big focal depth
High sensitivity for surface
High observation capability for materials 

with a low conductivity

Voltage contrast imaging
Passive voltage contrast (PVC) imaging

Without any external operations
Intrinsic different electrical potentials 
in the samples appears in SE images

Active voltage contrast (AVC) imaging
With voltages applied from the outside
Electrical potentials corresponding to 
applied voltage appears in SE images

S. Mil’shtein, Scanning 22 (2000) 227.

Schematic diagrams of a p-n junction under conditions of
(a) equilibrium, (b) forward bias, and (c) reverse bias.

indium doped tin oxide (ITO)
aluminum doped zinc oxide (AZO)
6,6-phenyl C61-Butyric acid methyl ester (PCBM)
CH3NH3PbI3 perovskite (PVK)
nickel oxide (NiO)

100 nm

ITO
AZO
PCBM

PVK

ITO

Glass

NiO

Secondary electron image of the cross-sectional 
surface of PVK solar cell

C. Sakai et al., Appl. Phys. Lett. 109 (2016) 051603-1~051603-4.
C. Sakai et al., J. Vac. Sci. Technol. B 36 (2018) 042903-1~042903-5.
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Material contrast Voltage contrast 

Secondary electron images 

The electrical field between the Everhart–Thornley (ET) detector and the sample surface at the 
positively biased internal electrodes weakened because the electrical potential of the positively 
biased internal electrodes became high. This means the efficiency with which an SE reached the 
ET detector from the positively internal electrodes decreased.
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FFirst Principles Studies on the Activity and 
Stability of Catalysts for Energy Transformation
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• CO2 is formed via Vo
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All-Solid-State thin film battery 
with (104)-oriented LiCoO2 cathode
Key Words: Lithium-Ion Battery, Cathode Thin Films, Pulsed Laser Deposition

All-Solid-State lithium-ion battery (LIB) is highly in-demand because of the fascinating 
advantages, such as, the combustible material-free constitution and better handling of 
stacked-cell structure which realizes high power output. Toward practical application, 
improvement of Li-ion conduction in a solid-state battery remains as an issue to be addressed.

(104)-oriented single crystal-like LiCoO2 film was
grown by introduction of an off-cut Nb:SrTiO3

substrate and optimization of deposition conditions.

An All-Solid-State battery incorporating a (104)-
oriented LiCoO2 cathode layer kept high capacity
even at high discharge rate.

( )

Conclusion

(104)-oriented LiCoO2 film on 
an off-cut Nb:SrTiO3 (001) substrate

Battery performance of a thin film battery
with (104)-oriented LiCoO2 cathode

An origin of the kinks appearing in discharge curves of
a thin film battery with (104)-oriented LiCoO2 cathode is
going to be discussed.

Using the single oriented LiCoO2 cathode, lithium-ion
conduction in solid materials and at interfaces, as well
as grain boundaries, will be investigated more precisely.

Future Plan

Introduction

In order to establish All-Solid-State LIB, a better understanding of ion conduction in solid 
materials, especially at an interface, is necessary. In this work, (104)-oriented single crystal-
like LiCoO2 cathode film, as well as a thin film battery, are fabricated as an ideal system for 
investigation of Li conduction and an influence of interface in a solid-state battery.
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All Solid State Battery Specially Promoted Research Group, GREEN 
K. Kawashima, Y. Matsuki, Y. Tanaka, S. Miyoshi, N. Ohta, K. Mitsuishi, T. Ohnishi, T. Ohno, K. Takada

E-mail KAWASHIMA.Kazuhiro@nims.go.jp

Structure of All-Solid-State thin film battery
with an oriented LiCoO2 cathode layer

Comparison of battery performance between 
(104)- and (001)-oriented LiCoO2 cathodes

(c) Cross-sectional STEM-HAADF
image of the LiCoO2 film

5˚ off-cut 
Nb:SrTiO3 (001) substrate
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O

 1
04

LC
O

 2
08

(104)-oriented LiCoO2 grows on a Nb:SrTiO3 (001) substrate [Fig. (a)]. 
Introducing a vicinal off-cut to the substrate surface facilitates growth of c-
axis in the same azimuth as SrTiO3 [110], resulting in a single crystal-like 
(104)-oriented LiCoO2 film [Fig. (b) and (c)].

(b) Pole figure of LiCoO2 003
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Layered compound LiCoO2 was grown by PLD on Nb:SrTiO3 (001) 
substrate with a 5˚ off-cut toward Nb:SrTiO3 [110] direction.

100 C

Nb:SrTiO3 substrate

Single oriented 
LiCoO2

Li metal

Amorphous Li3PO4

An orientation of LiCoO2 is 
determined by an orientation of 
the Nb:SrTiO3 substrate.

(a) Out-of-plane 2θ scan

Anode

Electrolyte

Cathode

Current collector
e.g.
LiCoO2 (104) // Nb:SrTiO3 (001) 
LiCoO2 (001) //  Nb:SrTiO3 (111)

LiCoO2
structure

O

Li
Co

For charge process, an identical CC-CV sequence was used, that is,
1 C charge to 4.2 V followed by CV charge at 4.2 V for 2 hours.
For discharge curve measurement, discharge rate was changed from 
0.1 C to 100 C.

(104)-oriented LiCoO2 cathode (001)-oriented LiCoO2 cathode

0.1 C

100 C

0.1 C
 Charge with 1C
 Discharge

 Charge with 1C
 Discharge
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NIMS Battery Research Platform

NIMS Battery Research Platform

E-mail Battery-PF@nims.go.j URL: http://www.nims.go.jp/brp/nims

Key Words: Battery, Open facility, Under one roof

Battery Research Platform was established with the FY2012 supplementary budget.
Battery Research Platform is supporting specially to the innovative R&D of the next 

generation batteries in Japan.
The world-class facilities, covering everything from battery cell assemble to materials 

analysis, are accessible to every researcher.

Fruitful Results from Users

Installed instruments

Introduction

yyy ,, yyy

Ultra-low humidity environment is necessary for battery research especially including Li 
element.

We provide the super-dry room, many glove boxes, and several type of airtight transfer 
vessels to prevent samples from being exposed to air among the analysis instruments. 

Theme 
under

Discussion

Battery assemble 
equipments

STEM observation
of charged and discharged 

LiNi0.5Mn1.5O4 crystal

Spinel structure defined by Atomic 
arrangement

Surface area

Inner side

Evaluation of LNM-LATP composite 
electrodes for 5V-class bulk-type 
all-solid-state rechargeable lithium 
batteries with TG-MS and XRD.

Results of
TG-MS 

in Super-dry 
room

Powder Mix.10-700
Powder Mix.10-500
Powder Mix.10-w/o anneal
Composite
electrode10-700
CE10-600
CE10-500
CE10-400
CE10-w/o anneal

Results of
XRD

Effect of Water and HF on the 
Distribution of Discharge Products 

at Li−O2 Battery Cathode
with in situ SERS

(surface-enhanced Raman scattering )

HF caused deposition of insoluble 
LiO2 at positive potential region.
H2O results in the formation of 

Li2SO4 at negative potential region.

LW,HHF HW,HHF LW,LHF HW,LHF

Li2O2

Insoluble
LiO2

Li2O2

Insoluble
LiO2

Li2O2

Insoluble
LiO2

Li2O2

Insoluble
LiO2

Li2SO4

Direct imaging of the internal
electrical potential distribution of 
Solid-state-lithium ion batteries

with Kelvin probe force 
microscopypy

CPD image before charging

imageafter

SEM-EDS

*CPD:Contact potential difference

Current collector

Cathode

Solid electrolyte
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Modelling of Grain Boundary Resistances Influence on the Performance of Solid State Batteries
Technology Integration Unit (TIU), GREEN, National Institute for Materials Science (NIMS), Tsukuba, Ibaraki 305-0044, Japan

Baber JAVED Email: JAVED.Baber@nims.go.jp

Introduction

Next 
Generation 

battery

Desired Features of SSB electrolyte
High ionic conductivity: To ensure high power capabilities.
Transfer number of unity: To eliminate polarization losses.
Good chemical stability with electrode: To minimize the charge transfer losses at
interfaces.
Wide electrochemical window: To maximize energy density.

Major Challenges for SSBs
Compatibility issues when used with Li metal as anode.
Physical and chemical properties of the materials used, such as mechanical
properties of the particles, reactivity with humid air and oxygen, toxicity, etc.
Very high interfacial resistance b/w AM and SE.

Reference Experimental Study for SSB Simulation

Reference Experimental Study
Composite Electrode: ( (LCO) & thio-LISICON
( ))
Weight ratio of composite electrode 7:3 (LCO:thio-LISICON)
LCO particles are coated with by spraying an ethanol
solution of alkoxides of Li and Nb.

Ref. Exp. Study: Ohta N. et al., Electrochem. Comm., 9, (2007), 1486

Influence of Surface coating (Exp. Results)

Thickness of is varied from to , with the best
performance at .

Bulk Parameters
Electronic conductivity in AM.
Ionic conductivity in SE.
Ionic diffusivity in AM.

Interfacial Parameters
Charge transfer resistance (Ohmic & nonlinear
Butler-Volmer terms).
Grain boundary resistance

Identification of relevant apparent bulk parameters.
Influence of buffer layer coating thickness and its effect of the grain

boundary resistance (AM-AM, SE-SE, AM-SE interface) on battery
performance.
Design optimization of the SSB

Objectives 

Unknown

Important Parameters for SSBs Simulation & Objectives

Model Experiments

● Electronic cond. at AM–AM interface.
● Ionic diff. at AM–AM interface
● Ionic cond. at SE–SE interface.Composite electrode size.

Size and distribution of the AM & SE
particles inside the composite electrode.
Porosity of the composite electrode.

Based on application

Structure Based Parameters

n
y

Simulation Assumptions
No volumetric changes during the charge/discharge process.
Charge/discharge process occurs at isothermal conditions.
Initial concentration in AM particles remain uniform.
Bulk properties remain unchanged during the discharge process.
AM and SE particles are spherical.

Current Collector (CC) 

Active Material (AM)

Solid Electrolyte (SE)

Void

3D Modeling for FEM Simulation (Half Model Example)

(in house code) (AVIZO software) (COMSOL)

Analysis Method & Assumptions

Ideal Case (No resistance 
b/w the particles)

Possible Roles of in reducing the interfacial resistances

Results(1) – Influence of thickness in Reducing AM SE Resistance
Thickness 5nm
( )

Thickness 10nm
( )

Thickness 15nm
( )

Ideal Case (No resistance 
b/w the particles)

Results(2) – Influence of thickness in Reducing AM AM Resistance
Thickness 5nm
( )

Thickness 10nm
( )

Thickness 15nm
( )

Results(3) – Influence of thickness in Reducing AM AM & AM-SE 
Resistance

Thickness 5nm Thickness 10nm Thickness 15nm

Results(4) – Li Concentration Distribution in AM Particles

Increasing time

0.13 mA/cm2 5 mA/cm2

Increasing time

Current Collector Side
(Top side)

The results presented have been achieved within the scope of the project entitled “MEXT Program for Integrated
Materials Development”.

Acknowledgement 

GREEN International Symposium 2019 (The 20th GREEN Symposium)

Conclusions
Influence of the surface coating thickness and its effects on the battery performances have been studied.
For the surface coating thickness of 10nm, the AM/SE as well as AM/AM resistances are minimum compared to
the 5nm and 15nm thickness.
The battery performance can be optimize with;

Results (5) Optimization of the Composite Cathode Microstructure

Influence of the composite cathode thickness

Influence of the composite cathode composition ratio

Influence of the composite cathode porosity
20% Porosity (Base Case ) 15% Porosity 10% Porosity Comparison

20μm Thickness (Base 
Case )

40μm Thickness 80μm Thickness Comparison

AM: SE (70:30) (Base 
Case )

AM: SE (50:50) AM: SE (80:20) Comparison

A decrease in the porosity results in higher performance due to the increase in the mass per unit volume of the
composite electrode.
An increase in the thickness of the composite electrode results in capacity retention due to an increase in the
both the (AM resistance) as well as (SE resistance).
An increase in the AM loading results in better performance at lower current density due to improved electronic
percolation, whereas an increase in the SE loading results in better performance at higher current density due to
better ionic percolation.
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Cycling of Li | Li symmetric cell

Stripping/plating of Li in diglyme and triglyme

-2 0 2 4 6 8 10 12

In
te

ns
ity

 (a
.u

.)

Length ( m)

 Oxygen

 Carbon

 Lithium

20 μm
plating

Li–O2 full cell with ketjen black (KB) electrodeStripping/plating of Li: 20 μm at 0.5 mA cm-2

Stripping/plating of Li: 10 μm at 0.2 mA cm-2

Li | Li symmetric cell configuration

Working principle of Li–O2 battery

Schematic presentation of dendritic Li

Dendrite-Free Epitaxial Growth of  Lithium:
Efficient Charging and Improved Cycle Life in Li-O2 Battery

Non-aqueous Li-Oxygen (Li–O2) battery is considered to be one of the most promising future energy storage systems due to its very high theoretical specific energy (~3.5
kWh kg-1) based on the reversible electrochemical reaction:

2Li+ + O2 (g) + 2e– ↔ Li2O2 (s); E0 = 2.96 V vs. Li/Li+

Despite the promise, realization of Li–O2 battery with Li metal as the negative electrode is hindered by uneven Li deposition leading to dendrite formation during
repeated cycles. Uncontrolled dendrite growth induces internal short-circuits which limit the cell lifetime and generate ohmic heat causing catastrophic failure when a
volatile electrolyte is used. Several strategies have been conceived by the researchers to suppress dendritic growth and delay the premature death of the cell. Although
considerable improvements have been achieved from these earlier studies, microscopically smooth Li surface covered with thin and uniform SEI layers is yet to be realized.
Alternatively, here we show an unprecedented dendrite-free epitaxial electrodeposition of Li in the presence of LiBr–LiNO3/glyme ether electrolyte under O2 atmosphere.
Stripping and plating of Li metal was investigated by using a symmetrical Li│Li cell and it has been found that in 1 M LiNO3+0.05 M LiBr/tetraglyme electrolyte the plating
of Li metal shows dendrite-free epitaxial growth up to a thickness of >20 μm which is clearly observed by the scanning electron microscopic (SEM) images and electron
backscatter diffraction (EBSD) signal.

* Indicates surface adsorbed species

–ve electrode:
+ve electrode:

Stripping and plating of 20 μm Li in 0.05 M LiBr–1 M LiNO3/tetraglyme
as the electrolyte at 0.5 mA cm-2 do not show any dendritic growth of
Li. Top view SEM images display quite smooth surface with clearly
visible grains.

The commercial Li foil (as received) is covered with a thick (~500 nm)
passivation layer (Figure a, b), mainly comprised of Li2CO3 and Li2O.
Because of this thick surface layer, neither grain boundaries nor
electron backscatter diffraction (EBSD) signals were detected before
stripping. In contrast, after undergoing 10 μm stripping, the Li foil
exhibited clear grain boundaries (SEM; Figure c) and EBSD could map
(Figure g) the individual grains. After subsequent 10 μm plating of Li
the shape of the grain boundaries (SEM; Figure e) completely matched
that observed after stripping. EBSD mapping (Figure i) confirmed the
grain matching and hence epitaxial growth of Li after plating.

Xin, X.; Ito, K.; Dutta, A.; Kubo,Y. Angew. Chem. Int. Ed. 2018, 57, 13206

Top view EBSD mapping of Li surface at different states of 
stripping/plating at 0.5 mA cm-2

Smaller glymes show better round-trip efficiency in Li-O2 full cell.

Arghya Dutta, Kimihiko Ito and Yoshimi Kubo
GREEN, National Institute for Materials Science (NIMS), Japan

E-mail: dutta.arghya@nims.go.jp

Top view EBSD mapping beyond 10 μm plating
at 0.5 mA cm-2 was not possible

DC/RC profiles of KB electrodes (2 mg; 2 cm2) at 0.5 mA cm-2 with
0.05 M LiBr–1 M LiNO3 in different glymes as the electrolytes 

20 μm stripping/plating in 0.05 M LiBr–1 M LiNO3/diglyme at 0.5 mA cm-2

SEM images and EBSD mapping of Li after stripping and plating
in 0.05 M LiBr–1 M LiNO3/tetraglyme as the electrolyte
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Li foil
Separator
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Li foil

As received Li After stripping After plating

After platingAfter stripping

100 μm 100 μm 50 μm

SEM images of Li surface after stripping and plating
in 0.05 M LiBr–1 M LiNO3/tetraglyme as the electrolyte

After stripping After plating After plating

Cross section viewTop viewTop view

After 20 μm stripping After 20 μm stripping

After 5 μm platingAfter 10 μm plating

Cross section EBSD mapping of Li surface
after 20 μm plating at 0.5 mA cm-2

EDS mapping of Li surface after 20 μm plating at 0.5 mA cm-2

ting at 0.5 mA cmg 5

20 μm 20 μm

SEM
After 20 μm plating

EBSD
After 20 μm plating

100 μm 100 μm

100 μm 100 μm
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 diglyme  triglyme  tetraglymeE 
(V

 v
s.

 L
i/L

i+)

Q (mAh)

Solvent Boiling point 
(oC)

Density
(g cm-3)

Viscosity
(mm2 s-1)

Diglyme (G2) 162 0.943 1.2

Triglyme (G3) 216 0.986 2.5

Tetraglyme (G4) 275 1.009 4.1

Properties of glyme ethers

After 20 μm stripping After 20 μm plating

100 μm 100 μm

20 μm stripping/plating in 0.05 M LiBr–1 M LiNO3/triglyme at 0.5 mA cm-2

100 μm 100 μm

After 20 μm stripping After 20 μm plating

0 480 960 1440 1920 2400

0 20 40 60 80 100
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-2
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)
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 tetraglyme  triglyme  diglyme

t (day)

Cycling of Li–O2 full cell

Funding supported by

High energy density

Dendrite growth

W ki i i

Early cell failure;
poor cycle life

Li metal electrode

O2 mapping

O2 mapping

Jache, B.; et. al. Phys. Chem. Chem. Phys. 2016, 18, 14299-14316 

Smaller glymes induce dendritic growth of Li.

Angew. Chem. Int. Ed. 2018, 57, 13206
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Cross-sectional Nanoscale Mapping of 
Mechanical Properties of Composite Films
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Applications of in situ x-ray techniques 
to various electron transfer reactions 
at solid/liquid interfaces 

Key Words: in situ, solid/liquid interfaces, synchrotron radiation light sources

In order to design highly efficient and durable materials for the energy conversion devices 
such as fuel cells, rechargeable batteries, and photocatalysts, it is important to understand the 
mechanism of multielectron transfer reactions taking place at the solid/liquid interfaces. 
This work is a collaboration with the Nanostructured Electrocatalyst Group. 

Pt complexes act as molecular catalysts for HER
without being converted into Pt metal clusters.

The primary factor for the enhancement of the ORR
rate is inhibition of Pt oxide formation by Ce3+ species.

In situ XPS was successfully demonstrated.

Conclusion

Theory and Experimental Set-ups Results

Applications of the in situ XPS for the actual energy
conversion materials.

Identification of the intermediate species of the ORR.

In situ real time monitoring of electrochemical
processes at solid/liquid interfaces.

Future Plan

Introduction

Our research interest is the development of in situ characterization techniques for the 
electrochemical processes at the solid/liquid interfaces and their applications to the actual 
energy conversion materials. Here, we performed in situ XAFS analysis of various 
electrocatalysts and demonstrated in situ XPS measurements. 

Theme 
under

Discussion

Solid/liquid Interface Analysis Group,  GREEN     Takuya Masuda

E-mail MASUDA.Takuya@nims.go.jp
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Molecular Catalysts for HER Pt-CeOx Nanocomposites for ORR

Development of In situ XPS Apparatus 

Pt LIII XANES

Pt LIII EXAFS

XANES before and after ORC

I-V Curves and Potential 
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Development of in-house Angle-resolved Hard 
X-ray Photoelectron Spectroscopy

Solid/liquid Interface Analysis Group,  GREEN     Takuya Masuda

E-mail MASUDA.Takuya@nims.go.jp

Key Words: Hard X-ray Photoelectron Spectroscopy

X-ray photoelectron spectroscopy (XPS) is a powerful tool to investigate surface
compositions, oxidation states and electronic structures of materials with very high surface
sensitivity. However, most battery materials are covered with various thin films such as
passivation films and deposits of electrolyte, solvent residue and their decomposition
products.

An angle-resolved HAXPES apparatus which allows
to control the detection depth in the range of 1-50 nm
was constructed.

Its non-destructive depth analysis capability was
successfully demonstrated.

Conclusion

Introduction Results

Applications of the in-house AR-HAXPES to a wide
range of battery materials.

Analyses of solid electrolyte interfaces on lithium
negative electrodes for Li-ion batteries and oxide films
on magnesium negative electrodes for Mg-ion
batteries.

Future Plan

Introduction

XPS is combined with ion-sputtering techniques to perform depth-resolved chemical 
analyses of such buried interfaces. However, ion-sputtering often causes a severe damage to 
the surface composition and structure. Here, we developed a “non-destructive” depth 
analysis technique based on the laboratory-based hard x-ray photoelectron spectroscopy, so-
called angle-resolved hard x-ray photoelectron spectroscopy (AR-HAXPES). 

Theme 
under

Discussion

Surface sensitive Still surface sensitive 
but a little bit deeper

Non-destructive depth analysis (~20 nm) can be performed by HAXPES. 

http://www.nims.go.jp/brp/nims/
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In Situ Observations of Electrochemical Processes 
in Polymer Electrolyte Membrane Fuel Cells

Takuya Masuda and Kohei Uosaki
Research Center for Advanced Measurement and Characterization, National Institute for Materials Science (NIMS)

Global Research Center for Environment and Energy based on Nanomaterials Science (GREEN), National Institute for Materials Science (NIMS)
International Center for Materials Nanoarchitectonics (WPI-MANA), National Institute for Materials Science (NIMS)

Conclusions
• PFSI adsorbed on both the gold and platinum surfaces in the double layer region.
• The adsorbed amount of PFSI increased at the gold surface as the potential was made more positive in the double layer region.
• Not much potential dependence was observed at the platinum surface in the double layer region.
• PFSI desorbed from the both surfaces when the potential was made more positive to form the surface oxides.
• Once the oxides were reduced, PFSI re-adsorbed on the surfaces.
• The desorption of PFSI upon formation of the oxide was confirmed by surface X-ray scattering (SXS) in an MEA-like configuration.

Non-polar part

Polar part

[CF CF2 (CF2 CF2)m]n
O CF2 CF O CF2

CF3

CF2 SO3H

Pt-based electrocatalysts

Carbon supports

Perfluorosulfonated ionomer (PFSI): 
Nafion

Polymer Electrolyte Membrane (PEM): Nafion®

H2 → 2H+ + 2e− 2H+ + 1/2O2 + 2e− → H2O
Membrane Electrode Assembly (MEA)

Polymer Electrolyte Membrane Fuel Cell

Oxide formation/reduction 
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-200

-100

0

100

200

-0.5 0 0.5 1 1.5

C
ur

re
nt

 D
en

si
ty

 / 
A 

cm
-2

Potential / V vs. Ag/AgCl

Electrochemical Properties of Au(111) Electrodes Electrochemical Properties of Pt(111) Electrodes

AFM of Au(111) Electrode in Nafion Solution AFM of Pt(111) Electrode in Nafion Solution

-40

-20

0

20

40

0 0.4 0.8 1.2 1.6
-400

-200

0

200

400

C
ur

re
nt

 d
en

si
ty

 / 
A 

cm
-2

C
urrent density / 

A cm
-2

Potential / V vs. Ag/AgCl

(√3 23)→(1 1)

Oxide formation/reduction 

Order/disorder transition of adsorbed SO4
2-Adsorption of SO4

2-

-200

-100

0

100

200

-0.5 0 0.5 1 1.5

C
ur

re
nt

 D
en

si
ty

 / 
A 

cm
-2

Potential / V vs. Ag/AgCl

Desorption/adsorption of H
Adsorption of SO4

2- Order/disorder transition of adsorbed SO4
2-

0

100

200

-0.5 0 0.5 1 1.5
-500

-250

0

250

C
ur

re
nt

 D
en

si
ty

 / 
A 

cm
-2

m
 / ng cm

-2

Potential / V vs. Ag/AgCl

Adsorption of SO4
2-

Oxide formation
Desorption of SO4

2-

Reduction of Oxide
Readsorption of SO4

2-

0

100

200

-0.5 0 0.5 1 1.5
-500

-250

0

250

C
ur

re
nt

 D
en

si
ty

 / 
A 

cm
-2

m
 / ng cm

-2

Potential / V vs. Ag/AgCl

Adsorption of Nafion
Oxide formation
Desorption of Nafion

Reduction of Oxide
Readsorption of Nafion

In H2SO4 solution In Nafion solution In H2SO4 solution In Nafion solution

Pure water Pure water

Oxide Formation
Desorption of Nafion

Oxide Formation 
Desorption of Nafion

Adsorption of Nafion Adsorption of Nafion

Reduction of Au Oxide
Readsorption of Nafion

Desorption of Nafion Reduction of Pt Oxide
Readsorption of Nafion

4 min

17 min

0 min

21 min 34 min

Au(111) 
1.4 V 0.8 V

151 ng/cm2

(0.137 neq/cm2)

96 ng/cm2

(0.087 neq/cm2)

Set-up for in situ AFM

Reduction of Oxide
Readsorption of SO4

2-

0 V 0.45 V 0.75-1.0 V 1.2-1.4 V

0 V 0.8 V

0.1 V 0.6 V 0.8 V 1.2 V

0.6 V

T. Masuda, H. Fukumitsu, T. Kondo, H. Naohara, K. Tamura, O. Sakata, K. Uosaki, 
J. Phys. Chem. C, 2013, 117, 12168-12171. 

Pt(111) single crystal disk Nafion membrane

IH heating at 1600ºC
under Ar + H2 flow

Quenched by water
Dipped in Nafion dispersion

Nafion adhesion layer

Sputter deposition
20 nm thick Pt thin layer

out of plane

CTR
depth profile

coverage
layer distance

adsorption site
adsorption species

in plane
SXRD

surface lattice constant
surface atomic arrangement

Bragg point
(111) face
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Surface X-ray Scattering in MEA-like Configuration
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Ultra-high-pressure device

Synthesis of garnet-type solid electrolyte 
under ultra-high-pressure 

Key Words: Ultra-high-pressure synthesis, Garnet-type solid electrolyte 

All-solid lithium ion batteries use nonflammable solid electrolytes, offering superior safety 
and capacity.  Therefore, they attract attention as next-generation battery for electric 
vehicles as well as mobile terminals. Currently, the oxide-based and sulfide-based materials 
are studied as solid electrolyte. Compared to the sulfides, the oxide materials are chemically 
stable and easy to handle, while the ionic conductance is poor, especially at interfaces. 

Although excess Li2O remained, garnet phase was
obtained a single phase.

Impedance plots and Arrhenius plots of the pellet (1)
will probably show electron conductivity.

Blackening of pellet could be prevented by
sandwiching the powder with Li2O.

Although excess
Conclusion

Synthesis Result

Improvement of ion conductivity.

Synthesis of garnet-type solid electrolyte using Li2O
less than this work.

Fabrication of composite positive electrode using
LiCoO2 and garnet-type electrolyte by UHP.

Future Plan

Introduction

Ensuring high ionic conductance requires development of sufficient inter-grain network with 
high-quality interface. Such oxide ceramics are typically fabricated via high-temperature 
sintering, which leads to formation of resistive layer between the solid electrolyte and electrode 
in co-sintering process. In order to obtain high performance garnet-type solid electrolyte, we are 
investigating the fabrication conditions and rout under ultra-high-pressure (UHP).

Theme 
under

Discussion

All Solid State Battery Specially Promoted Research Team,  GREEN     
Yusuke Matsuki, Shogo Miyoshi, Kazunori Takada            E-mail MATSUKI.Yusuke@nims.go.jp

Lithiation by UHP

Strategy

2. Sandwich-method1. Simple-method

Au capsule

Pyrochlore

Li2O

Ultra-high-pressure cell

UHP conditions
Pressure ; 5.5GPa 
Heating ; 1000ºC/12.5min
Holding ; 1000ºC 60min
Cooling ; 1000ºC/12.5min

Pyrochlore : Li 
= 1 : 52 Pyrochlore : Li 

= 1 : 52+α

Photograph of the pellet (1) and (2) after UHP 

1. Simple-method 2. Sandwich-method

σ = 1.87 10-5 ,(25 )

σ = 6.55 10-6 ,(25 )

y = -0.259x -3.869

y = -2.136x + 1.953
Ea = 0.424 (eV 

Ea = 0.051 (eV )

Impedance plots at 25 and Arrhenius plots for the pellet (1) and (2) after UHP 

XRD pattern of the pellet (1) and (2) after UHP 

LLZT , 
183686(ICSD)
Li2O

2
1

2
1

2
1

Illustration of fabrication of the pellet by UHP   

Pyrochlore

( La3Zr1.5Ta0.5O8.75 )

La(NO3)3 , Ta(OEt)5 , 
ZrOCl2 , Citric acid
and Ethylene glycol

Complex 
polymerization
method

Lithiation 
by UHP

La : Zr : Ta 
= 3: 1.5 :0.5

Garnet

(LLZT = Li6.5La3
Zr1.5Ta0.5O12 )

PelletPowderReagent

+ Li2O
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Sample: Pt nanoparticles on multilayer graphene layers
Graphene layers: Transferred CVD graphene
Pt nanoparticles: Sputtered nanoparticles

Observation conditions
TEM JEM-2100 (LaB6 gun) Accel. voltage: 200 kV
Environment vacuum (2X10-5 Pa) and O2 (0.3 Pa)
Temperature 500, 700 oC

In-situ TEM specimen holders 
for environment and energy materials

Key Words: Transmission electron microscopy, in-situ observation, specimen holder

Transmission electron microscopy (TEM) is one of most indispensable tools to characterize
nanomaterials with atomic scale. Furthermore, recently control techniques of TEM
observation environments have been highly required to understand material structures and
phenomena during materials’ actual uses. We can observe materials under various
environments such as at high/low temperature, in gas/phases, biasing and so on.

We developed a light irradiation specimen holder 
system for in-situ TEM holography of solar cells and 
photocatalytic materials.

We developed a gas environment heating specimen
holder system for in-situ TEM observation of catalytic
materials.

We developed a l

Conclusion

Light irradiation Gas environment & heating

We plan to do in-situ EELS (electron energy loss
spectroscopy) analysis for characterization as well as
holography and observation.

We plan to apply the developed specimen holder
systems to various materials.

W l t d i

Future Plan

Introduction

In this research, we used TEM specimen holders to control observation environments,
because specimen holders are independent from a microscope leading to easier development
and modification of the holders. We developed a light irradiation specimen holder system for
solar cells and photocatalysts, and gas environment heating holder for catalytic materials to
observe their structures and phenomena under working conditions.
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Discussion

Environmental Microscopy Group,  GREEN, NIMS     Ayako Hashimoto
E-mail HASHIMOTO.Ayakoa@nims.go.jp

Gas tank

Connector

GasControl
PC

Power 
supply

TEM

Heater

Specimen

Pressure gauge

Gas Nozzle

Specimen holder Control
PC

Controller

Gas environment & heating specimen holder systemLight irradiation specimen holder system

Mirror
Light selection

Analysis devices

Specimen

TEM

Connector
Specimen holder

Light 
source

CCD camera

JEMM-M-ARM20000 (JEOL Ltd.)

Specimen holderSpecimen holder
Aberration corrector

Electron energy Electron energy 
loss spectroscopy

Energy dispersive 
X
Ene
XX-

ergy dispersive eEne
XX--ray spectroscopy

Aberration corrector
Analysis devices

CCD camera

Bi-prism

(n, n) → (n, n) (n, 0) → (n, 0)
Armchair → Armchair Zigzag → Zigzag

117123

10 nm

Keeping crystalline nanoparticle structure

Faceting nanoparticles contacted
to graphene layer step

Specific angles arising from 
graphene crystalline structure

Crystallographically equivalent direction

Following graphene structure

120o, 240o and 300o

20 nm

Pt nanoparticles
a few nm

Heater P.S.

Heater control PC

Valve piezo P.S.

Pressure gauge P.S.

Hologram
Reconstructed 
phase image

Electron holography
Hologram interference pattern between  

object and reference waves

Phase shift θ(x) = CEVot(x)
CE constant      Vo inner potential      t thickness

e-
Wavefront

Charge

Wavefront

Charge

e-

Phase shift 
Electrostatic potential
Charge distribution

Ex. Nonmagnetic materials

TEM

Alternately deposited by PLD technique
~ 15 layers for CaFe2O4 and ZnFe2O4 

Sample: CaFe2O4/ ZnFe2O 4 multi-layer film
Pt nanoparticle

Oxidative etching of graphene layers 

Line profile of phase image

J. Xing et al, Appl. Phys. Lett. 104 (2014) 163105.
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Fundamental study of electrodeposition and 
electrochemical dissolution of Li metal
Fundamental study of electrodeposition and 
electrochemical dissolution of Li metal

Metal Negative Electrode Group Kei NISHIKAWA
E-mail NISHIKAWA.Kei@nims.go.jp

•

•

0.2M LiPF6 EC:PC =1:1, 2 mA/cm2

1.0M LiPF6 EC:PC =1:1 0.5 mA/cm2 1.0M LiPF6 EC:PC =1:1 5 mA/cm2 1.0M LiPF6 EC:PC =1:1 20 mA/cm2

IntroductionIntroduction

Theme 
under

Discussion

Theme 
under

Discussion
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In-situ spectroscopic studies of the  
electrode interface structure using light

Key Words: Electrocatalysis, Oxygen reduction reaction, Non-linear spectroscopy

For the purpose of constructing environment and energy materials, we created
an environmental field, where the function of materials appears during the
measurements. We develop “in situ” measurement technologies to analyze in
atomic and molecular level aim to elucidate the surface/interface phenomena.

We developed a spectroscopic method to measure
and analyze the information on the electronic state of
the interface, which is thought to greatly affect the
activity of the electrode catalyst.
We developed a measurement technology capable of
detecting reactive intermediate species which is
important for understanding electrocatalytic reaction.

W d l d

Conclusion

Investigate the interfacial
electronic state of electrocatalysis

Investigate the electrode 
surface reaction

Established the techniques that can be measured “in
situ" where electrode reactions proceed will be
expected to further advance the detailed
understanding of academic reaction mechanisms.
It is now possible to provide guidelines for developing
innovative catalysts for storage batteries and fuel cells.

Future Plan

Introduction

Many important energy transfer processes are taking place at the solid/liquid
interface. In order to understand the interfacial phenomenon in detail by applying
interfacial spectroscopy, not only the interface structure of the adsorbed
molecules but also the electronic structure of the interface during the chemical
reaction are detected with high time resolution.

Theme 
under

Discussion

Nanointerface laser spectroscopy group     GREEN leader Hidenori Noguchi

E-mail NOGUCHI.Hidenori@nims.go.jp

Action site: Catalyst on Au / Ti / ZnSe prism
Counter pole: Pt foil
Reference electrode: RHE
Electrolyte: 0.1 M HClO4

Monitoring fuel cell reaction intermediate species by surface
enhanced infrared spectroscopy (SEIRAS)

Oxygen Reduction Reaction (ORR)

Detecting intermediate speciesSEIRAS

1000 1100 1200 1300 1400

0.001

0 V

A
bs

or
ba

nc
e

Wavenumber / cm-1

0.95 V

O2
-(ads) O2(ads)

~ 1230 cm-1~ 1095 cm-1

Monitoring electronic state of electrocatalysis by using double resonance 
sum frequency generation spectroscopy (DR-SFG)

· The resonant potential will change with incident wavelength 
· Resonance to the 5σa level of CO adsorbed on Pt

Relationship between incident wavelength of 
DR-SFG intensity and electrode potential

DR-SFG

DR-SFG of CO adsorbed on the Pt
electrode in 0.1 M H2SO4

Information on the electronic structure at the
solid / liquid interface is important to understand
the mechanism of electrocatalytic activity

Estimated electronic structure

A reaction in which H2O2 is generated by
reduction with two electrons and a reaction in
which H2O is generated by reduction with four
electrons have been proposed.
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Enhancing Catalytic Performance of Metal Honeycomb 
Catalysts for Hydrogen  Production by Surface Alloying  

Key Words: Honeycomb catalysts, Methane steam reforming, Surface allying

Developing high-performance and low-cost catalysts for hydrogen production is important for 
automobile and household fuel cells. Metallic honeycomb catalysts have several advantages 
compared with pelleted catalysts, such as, low pressure drop, fast heat and mass transport. We 
aim to develop Ni-based alloy honeycomb catalysts for on-site and small-scale hydrogen 
production system, in order to realize high-efficient and low-cost hydrogen production.

Ni honeycomb catalysts with a high cell density of
2300 cpsi were assembled.

Surface Ni-Re alloying significantly enhanced
catalytic activity of the honeycomb catalysts for
methane steam reforming.

Ni honeycomb ca

Conclusion

Assembling & surface alloying Activity enhancement by surface alloying

Examine the stability of catalytic activity of the surface
alloyed Ni honeycomb.

Application of the develped honeycomb catalysts to
small-scale hydrogen production system.

Future Plan

Introduction

We have developed Pure Ni honeycomb catalysts for methane steam reforming (MSR) 
without using noble metals and porous oxide supports. In order to pursue higher performance 
of Ni honeycomb catalyst at low temperatures, we assemble Ni honeycomb catalysts with 
further higher cell density, and improve their catalytic properties for MSR by surface 
alloying.
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Hydrogen Production Materials Group,  GREEN     Ya Xu

E-mail XU.Ya@nims.go.jp

•

Reaction condition:
CH4: 10 mL(STP)/min
H2O: 13.6 mL(STP)/min
S/C=1.36
SV=6400 h-1

Methane conversion of Ni honeycomb after hydrogen reduction at 
various temperatures

MSR:
CH4 + H2O = 3H2 + CO

Water gas shift reaction (WGS):
CO + H2O = CO2 + H2

In situ XAFS analysis of NiRe surface alloy during hydrogen reduction

• The activity significantly increased with Ni-Re surface alloying.
• The CH4 conversion was close to the chemical reaction equilibrium even at

a high space velocity of 6500 h-1.

• NiRe alloy phase is formed on the surface of honeycomb after calcination
and hydrogen reduction.

• Re significantly promoted the reduction of NiO to metallic Ni, enhancing the
activity of honeycomb catalysts for MSR.

NiRe surface alloying

Ni honeycomb

y y g y g

NiR ll h i f d h f f h b f l i i

Ni Ni 5Re10
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Reforming Catalysts

Hydrogen Production 
Materials Group

Key Words: Hydrogen, Purification, Reforming, Catalysts, Electrolysis membrane

We have been pushing forward with “Hydrogen Society” and we are at the entrance of the
society. However, there are many issues that remain to be solved. One of them is the high
cost of producing hydrogen. Hydrogen Production Materials Group focuses particularly
upon the key materials of hydrogen producing devices, in order to realize the price reduction
and to offer technical advantages.

Introduction

Material design, device design, and long-term durability to realize a hydrogen society 
• Reforming catalysts for hydrogen production
• Alloy membranes for hydrogen purification
• Hybrid membranes for hydrogen production and use

Theme 
under

Discussion

Center for Green Research on Energy and Environmental Materials, Chikashi Nishimura

E-mail Nishimura.Chikashi@nims.go.jp

C. Nishimura Y. Xu H. Abe J. Kim

Hideki Abe 

R&D of phase-separated alloy catalysts for the 
high-throughput production of hydrogen fuels 
from CH4 and CO2. 

Research topics

Alloy Membranes for Hydrogen Extraction 

Development of membranes based on vanadium alloys 
to produce highly pure hydrogen for PEFC. We try to 
apply our membranes for extraction of hydrogen gas 
from ammonia decomposed gas at 300-350℃.

Chikashi Nishimura

Hybrid Membranes for Electrolysis 
Jedeok Kim
R&D of temperature tolerant hybrid membrane with 
controlled high proton conducting path for water 
electrolysis and fuel cells. 

Water electrolysis, fuel cell works, and 
application.

Design of controlled high 
H+ conducting path

Ya Xu
Development of Ni-based alloy and intermetallic 
catalysts for hydrogen production from steam 
reforming of methane and methanol.

High catalytic
performance

Structural
catalyst

Cross-section of Ni3Al foil

Surface alloying

Microstructure & 
surface control

Scheme of vanadium alloy membrane to 
extract pure hydrogen from gas mixture.

Hydrogen extraction device 
equipped with quadruple-layered 
vanadium alloy membranes with 
the area of 64 cm3. Permeation 
flow of 0.56m3/hr. is achieved.

l foil
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nano tech 2019

Topologically Immobilized Catalysis Centre for Low-
temperature H2 Production from Natural Gas

Abe.hideki@nims.go.jp

Hydrogen, Catalyst, TopologyKeywords

technology-transfer@nims.go.jp 

Points

Purpose

A topology-tailored catalyst, i.e., “rooted catalyst: Ni#Y2O3”, has been successfully
developed to realize the desired long-term stable, highly efficient conversions of natural
gas below the operation temperature of conventional supported catalysts.

Development of high-performance, long-lifetime catalysts is highly desired to produce
value-added chemicals such as H2 and CO from natural gas to meet the demands of
expanding markets of unconventional natural-gas resources.

Application and Future Development

Efficient production of synthesis gas (H2 + CO) from natural gas

Catalytic performance of the rooted catalyst: Ni#Y2O3
Catalytic performance emerging from the nano-
topology of Ni#Y2O3p gy 2 3

The current (left) and future (right) managements of the natural gas
resource toward the efficient and environment-friendly production of
valuable chemicals.

The catalytic performance of the developed, rooted catalyst in
comparison to the conventional supported catalysts toward the CO2
reforming of CH4 to produce H2 and CO from natural gas.

The nano-scale topology of the rooted catalyst. a) the outlook, b,c)
the cross-section and d) high-resolution images of one of the
Ni#Y2O3 catalyst particles.

a) transmission electron microscope (TEM) image, b,c) in-situ TEM
snapshots of supported Ni/Al2O3 catalyst after use. d) A model
showing how the nano-topology can inhibit the unwanted
accumulation of byproducts, CNT (carbon nanotubes).

Production of valuable chemicals such as ethene and/or ethane 
from natural gas

Needs to scale up the catalyst production (current: ~ 10 g/day)
Needs to get incorporated in pilot plants
Wants to collaborate with industries toward commercialization

Issues of Technology Transfer
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Interfacial Energy Conversion Group
Center for Green Research on Energy and 
Environmental Materials (Greater GREEN)

Key Words: Electrocatalyst, Photovoltaic solar cell, In-situ measurements

We are carrying out fundamental studies on the methods to construct functional phases by 
the assembly of atoms, molecules, nanoclusters and cells mainly at solid/liquid interfaces 
for interfacial energy conversion processes such as electrocatalysis and 
photoelectrochemistry.

High electrocatlytic activity, proton transport, electron
transfer, and light energy conversion efficiencies were
established by controlling the atomic and molecular
structures in newly designed materials.

Electrocatalysts

Study the mechanism and reaction pathway for high
energy conversion efficiencies in each materials by
measuring the atomic and molecular structures at the
surface and/or interfaces of each materials.

Introduction

To carry out fundamental study, single crystal surfaces of metals and semiconductors are 
used as substrates and electrochemical atomic layer epitaxy (ECALE), self-assembly (SA) 
and layer-by-layer methods are used to construct the functionalized material layers.

What we 
are doing?

Interfacial Energy Conversion Group,  GREATER GREEN,   Hidenori Noguchi

E-mail NOGUCHI.Hidenori@nims.go.jp

By combining use of rationally-assembled
model materials and DFT-based analysis, new
principles to advance energy
storage/conversion mechanisms are
investigated.

In situ characterization

Conclusion

Solar energy conversion
Hidenori Noguchi, Ken Sakaushi Masatoshi Yanagida, Yasuhiro Shirai

Future Plan

Development of charge transport layer
(CTL) for the long-term stability of
perovskite solar cells by characterizing
interface between perovskite and CTL.

Developing materials and device
fabrication processes that contribute to
high efficiency and durability
improvement of perovskite solar cells.

Appling in-situ characterization methods for the
surface and interface while controlling various
environmental fields to understand the basic
mechanism of the environment and energy
materials.

Ultrafast spectroscopy Sum frequency generation 
spectroscopy

Surface enhanced infrared 
spectroscopy

Hidenori Noguchi

Charge transport layer & Interface Material & device developmentsEnergy Storage Mechanism (Battery)

Energy Conversion Mechanism (Fuel Cells)

Explore new catalysts, using computational
science and advanced measurements, to
elucidate the energy conversion mechanism and
design a new catalysts.
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Interface Computational Science Group

Key Words: first-principles calculation, informatics, electrochemistry, batteries & catalysts

Electrolyte, electrode and their interfaces play essential roles for the performance of the 
(electro)catalysts, the energy storage and conversion devices such as batteries & solar cells. 
Understanding of the microscopic properties and behaviors is a key for design of new 
materials systems. We have addressed these issues by using large(multi)-scale first-principles 
simulations as well as machine learning techniques with high-throughput computations.

Efficient DFT-MD code for the K computer was developed.

Microscopic mechanisms of battery interfaces &
electrolytes were revealed.

Interfaces of solar cells & catalysts were elucidated.

Proposed descriptors are predictive for various properties.

Conclusion

DFT-MD study on battery interfaces Development of codes and methods

Establishment of DFT electrochemistry theory for interface

Design of new systems for batteries, solar cells, and
catalysts

Deployment of proposed descriptors towards large-scale
battery material screening with multiple property criteria.

Future Plan

Introduction

We have developed density functional theory based molecular dynamics (DFT-MD) code for 
efficient sampling of the phase space and machine learning techniques for high throughput 
search. With these machineries, we have examined a variety of systems and issues relevant to 
batteries, catalysts and solar cells, and proposed meaningful insights.
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E-mail TATEYAMA.Yoshitaka@nims.go.jp, JALEM.Randy@nims.go.jp

+ Hybrid parallelization (MPI+OMP)
+ Parallel thermodynamic integration
+ Efficient parallel sampling 
+ Efficient use of the K computer

Code name Efficiency:
MFLOPS/P
EAK(%)

# nodes 
for the 
efficiency

SIMD 
ratio (%)

stat-CPMD 28.2 1536 71

RSDFT
(Gordon-bell prize)

29.2 1024

Target 20% 60%

Development of parallel DFT-MD sampling code “stat-CPMD”
Performance on the K computer

Negative electrode
(LixC6)

SEI
(EDC)

14.914

14.824

53.811

Electrolyte
(EC)

PBC
[Å]

10

1140 atoms

DFT-MD modeling of  “graphite electrode + SFC aggregate+ EC solvent”

Negative
Electrode

SFC
Elelectrolyte

SFC

SFC aggregate

Electrolyte

SFC
aggregate

Reductive decomposition Diffusion Aggregation Coalescence

SFC formation Diffusion Aggregation at near-shore Coalescence

Adhesive energy (in kcal/mol) per SFC unit.

Single SFC SFC 
aggregate

Li2EDC(EC) +10.6 +4.1
Li2DOB(VC) +4.2 +5.5

New mechanism: Near-shore aggregation mechanism

Formation mechanism of organic SEI (Solid Electrolyte Interphase) film

+ Adhesion of SEI is less probable
+ SEI films w/ and w/o the additive are both 

electronic insulating.

Characteristics of superconcentrated electrolyte

CH3CN(AN) (CF3)2S2O4N-(TFSA-)

solvent anion

LC: Low 
Concentration

HC: High
Concentration

L
Li+ ion

(cm2sec-1) Calc.

D(Li) 2.41E-06

D(FSA) 2.02E-06

PD
O

S

SOMO

High concentration (HC)

Low concentration (LC)

PD
O

S

SOMO

CF3 decomposition 
from TFSA anion

LC HC

t(fs) t(fs)

M
SD

M
SD

Exp. D(Li) (10-6 cm2sec-1) 
1M LiClO4/PC: 2.58
HC LiTFSA/Glyme(G4): 0.126

Stability against reduction Li-ion diffusion

Characteristic 
solvation 
structure

Characteristic 
diffusion process

(cm2sec-1) Calc.

D(Li) 19.1E-06

D(FSA) 11.1E-06

Solvation structure Materials informatics for batteries

Perovskite solar cells (PSC)
stable vacant PbI2-rich flat

+ First comprehensive DFT study on PSC surfaces:
Two stable states: Stable Vacant & PbI2-rich flat

+ First DFT study of suggesting cation migration:
Crucial for degradation

P kit l ll (PSC)

DFT study on perovskite solar cells

Randy
photo

Development of descriptors for crystalline solids

+ new descriptors based from Voronoi 
features and atomic property data.

+ predictive power confirmed 
on a thousand scale dataset.
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