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Target devices
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Energy storage
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Electrochemical devices
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photoelectrochemical
hydrogen production

Y Sensor
Battery pH meter
Manganese dry cell ion selective concentration meter
Lead battery glucose, etc. (using enzyme)
NiCd, NiH secondary battery gas (oxygen, etc.)
Fuel cell Electroplating
Lithium secondary battery Cathodic protection
Capacitor Fe = Fe;0O3
Electrolytic condenser Electrolysis
Double layer condenser Aluminum, Copper, etc.
Supercapacitor Water, salt, etc.
Photovoltaic cell Organic chemicals
c-Si, a-Si solar cell tetraethyl lead

Dye sensitized solar cell



Challenges in modelling an

25°C, 1.0M NaCl, Electrode: Pt

4 nm?2 surface area

3-layer Pt(111):
460Pt atoms
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Electric field: 0.1~0.5 V/A |. \
/ Diffuse layer| y,
| E—
Z

Depth

2nm: 800 atoms ( 264
10 nm: 5000 atoms ( 1320
0.1 um: 50000 atoms (13200

Helmholtz layer: ~A

Iectrocemical reacion o

H,O, 5 NaCl)
H>0O, 25 NaCl)
H20, 250 NaCl)

1 NaCl / 50 H20

Length scale of EDL.:

nm ~ Jm
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4 Challenges in modelling an
- electrochemical reaction for DFT-MD

electrode

4.Bias potential
control

1.5trong electric

fleld IN Helmholtz R 1—--/
layer :
Voo
2.screening in diffuse 3.0rigin of electrostatic
layer potential



1.5trong electric Effective Screening
field in Helmholtz Medium method

layer Phys. Rev. B 73, 115407 (2006)

2.5creening in diffuse
layer

Smooth ESM method

Phys. Rev. B 88, 155427 (2013)

3.0rigin of electrostatic
potential

4.Blas potential Constant-py met

Nod

control Phys. Rev. Lett. 109, 266-

01 (2012)
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Limitation of the original conventional DFT-MD

Mode Scheme Thermodynamic  Experimental
potential realization

-q
. conventional
N, = const R F(T,V,N,) Isolated capacitor S| mUI q t| on
Y |
ft = const R QT,V,p) Electrochemistry e_Xperlmental
(STM) simulation

A. Lozovoi et al., JCP 115, 1661 (2001)
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Conventional NPT MD simulation

BTRODITSZVRA/ZANT Y2 TIVE

Veell . Cell volume
M - Fictitious mass for variable cell

Vcell

6000

- WMW«MMW = v

P | atm

0 5

— from Virial theorem

—2000
10

0 2
t/ps
It we can introduce a fictitious motion for amount of charge ne, we can
realize NVTue MD simulation

A r P
Ncell

b (eV)

>t (ps)
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E A= & 7 %
system Simulation e XDEBME (n) ZEFHOEZHET D
(charge:n) system e PotentiostatZ #ift L. systemDELL
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5 &9, Euler-Lagrange A1 &

\

7—\
E18 B, N. Bonnet et al., Phys. Rev. Lett. 109, 266101 (2012)
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constant-N

-

~N

Tatom = 353 K
Q) = 0.35 (e/cell)

Test calculation (Pt-H20 interface)

-

M, =300 cm™*
M, =100 cm ™!

constant-y
aYa aYa \
thoxt = —6.0 = —4.9 eV || tlext = —4.9 €V Lhoxt = —4.9 eV
T=3K T=3K T =300 K

M, =300 cm™*
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Experimental technique on electrochemical devices
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In situ spectroscopy

o X-ray emission/absorption spectroscopy (XES/XAS)
* Raman spectroscopy

e Infrared spectroscopy (IR)

e Auger electron spectroscopy (AES)

* cfC...

|-V characteristic

* Cyclic voltammetry (CV)

* Linear sweep voltammetry (LSV)
e Charge/discharge characteristic
* Impedance spectroscopy

e cte... BEIRIETICHITDE

e
N
[J

)

R

XL —>3hR[EEIC



XAS analysis of carbon aerogel super
capacitor

- - 74

\ ADVANCED -

MATERIALS
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Newly developed XAS technique reveals

| the bias induced changes of the
Advanced Materials 27, 1512 (2015) 5| tronic structure of the electrode.

WILEY-VCH




XAS analysis of carbon aerogel super
capacnor
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Advanced I\/Iaterlals 27 1512 (2015)

XAS spectral calculation with

guantum espresso package T o4 o @
http://www.quantum-espresso.org I I
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Experimental technique on electrochemical devices
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In situ spectroscopy
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» X-ray emission/absorption spectroscopy (XES/XAS)

* Raman spectroscopy

e Infrared spectroscopy (IR)

e Auger electron spectroscopy (AES)
*efC...

|-V characteristic

*|Cyclic voltammetry (CV)
*lLinear sweep voltammetry (LSV)
*|Charge/discharge characteristic
* Impedance spectroscopy
*etc...
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Pt(hkl) mechanism rds
Pt(110) Tafel —Volmer
Pt(100)
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Pt(111) Tafel—Volmer, Heyrovsky—Volmer

Markovic et.al., J. Phys. Chem. B 101, 5405 (1997)
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Kinetic analysis
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. | | E  : electrode potential
Energy profile of an electrochemical reaction

FEeq : equilibrium potential

E)) : activation energy
at equilibrium

E! - activation energy of
forward reaction

EP - activation energy of
backward reaction

> | .
reaction coordinate |1+ OVer potential

o symmetry factor



I-V characteristic
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vWhat do we need to simulate the |-V characteristic:

e Nernst equation

» First principles molecular «

RT ox dynamics simulation
Eeq:E0+—F10g<c )
n

Cred

e Butler-Volmer equation

. {eXp ((1 o - Eeq>) . (_a(EgTEea)} i Xp (_ %)

kT

e Diffusion equation —— ~ 245 cm !
dc _D8_2c from Eyring theory
or Ox?

» from experiment, classical MD, FPMD, ...



Free energy profile
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D Pt+ H,0 = PtOH + H" + ¢~

Free energy & charge

OH distance (A)

Ef =0.14ev EP=0.12¢eV Hext=-7.08eV



CV curve of Pt(111)
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ESM+BM calculation
can reproduce the CV
curve

- (a) Pt(111), 0.1IM HCIO, @j\
— 276K |
20 :
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<
- 0
20 | 0sh o 276lK @
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_i 2 oal A 333K
0.0 02 0.4 0.6 0.8 1.0

E [Vrpgel

T. Ikeshoji, et al., in preparation
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Collaborators
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Method development Super capacitor

- Osamu Sugino (ISSP) » Tadashi Ogitsu (LLNL)

» Nicephore Bonnet * Brandon Wood (LLNL)

» Tetsuya Morishita (AIST) * David Prendergast (LBNL)

* |kutaro Hamada (NIMS)
* Hu Chunping (AIST)

Fuel cell Computer resources
» Tamio lkeshoji (FC-Cubic) - KEIl-computer
» Yoshitada Morikawa (Osaka U.) + ISSP (U Tokyo)

I - ITC (U Tokyo)
Lithium ion battery

» Tsukuru Ohwaki (NISSAN ARC)
 Taisuke Ozaki (U. Tokyo)
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