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UFOLAAY_REH (Lithium Ton Battery: LIB)  PC, ANRADIGF

1985: B DS EFEEK S HLIBOE AR SHEL
1991: VZ— - ITF+I— - Ty OIOHhHERTHOHTEENL

HDEIR. BEEXM

VFILAF BRI 7 OHR

EIE 3.7V
FRERR 4.2v
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IXRJLF— 6.7Wh
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2012 FEREELLERD 5 FEE0F[E] © 130min

O — ER IR 0 200h (LTE)
—X3

O=2IRIF—EES>EJLTRES
ia < E%%ﬁﬁ%ﬁiiﬁn% Egu%
ﬁ*F/fQLm



29 BROHS
| 7 /\\ - & \
‘ N =
> / :/\\/ r~
Ny FU—tJL Ny TFU—EIa2-)l

SIX—ESELEIL (NyFU—tIL41E)

TXRJLF— : 24000Wh
== 1 90000W
fREE : 360V
FEEIF[E : AC200V 8h
AE{TERRE - 228Kkm

2RFTER
HEE LEAF BHO=SADAVIMR
OEBE e (Z 3.7V, 6.7Wh

W52 K —1&3[=108 km
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FERFE : AC240V  5h
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The Nobel Prize in
Chemistry 1998

Walter Kohn John A. Pople

The Nobel Prize in Chemistry 1998 was divided equally between Walter
Kohn “for his development of the density-functional theory"”and John A.
Pople “for his development of computational methods in quantum
chemistry".

The Nobel Prize in 1992FLFE
Chemistry 2013

R. A. MarcusZi%

g

oto: A. Mahmouc
Arieh Warshel
The Nobel Prize in Chemistry 2013 was awarded jointly to Martin Karplus,

Michael Levitt and Arieh Warshel “for the development of multiscale
models for complex chemical systems".

www.nobelprize.orgd D
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PERIODIC TABLE NIST
Group . . N
1 Atomic Properties of the Elements L etonal - 18
IA i o8 VIIIA
1 3, Frequently used fund | Physics Standard Reference (2 s,
For the most accurate values of these and other constams visit physics.nist.gov/constants Labprqtory Data‘Group He
1| Hydrogen 1 second = 9 192 631 770 periods of radiation corresponding to the transition physics.nistgov www.nist.govierd Helium
1.00794 between the two hyperfine levels of the ground state of '**Cs 4
e 2 speed of light in vacuum c 299792458 ms™ (exact) D Solids 13 14 15 16 17 1
13.5084 1A Planck constant h 6.6261x10*Js (h = hi2z) [ Liquids 1A IVA VA VIA VIIA | 245874
2 T elementary charge e 1.6022x10°°C %pe 3 52 3 2p2 1
3 Se 4B o e me 9.1094 x 10"kg [ Gases 5 P8 c P [ Ns"2 g o P[9P 1°N S
2 I e m® 05110 MeV [ Artificially e
Lithium [ Beryllium proton mass m, 1.6726 x 102 kg Prepared Boron Carbon Nitrogen | Oxygen Fluorine Neon
6.941 9.012182 s S D G @ 11137.036 10811 120107 142.202673 159994 13.923024%2 201797
2 2,2 d 2 4
1s%2s 15725’ =i 1s%2s’p | 1s%2s%2p 15’25’20 | 1s%2s%2p 15%2s%2p° | 1s%25%2p"
5.3917 9.3227 Rydberglconstant gxc ;022338::2 TD""H 82980 112603 | 145341 | 136181 | 17.4228 | 21.5645
o0 - X iz o o o
1 *s,[12 s, Rohc 136057 eV 13 P, (14 _GPD 15 “s;,[16  °P,[17 °P5,|18 s,
oltzmann constant k 1.3807 x 10 J K~
Na B 3807 x 10y K Si Ar
3 Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
22.989770 | 24.3050 3 4 5 6 7 8 9 10 1 12 26981538 | 28.0855 | 30.973761 [ 32.065 35.453 39.948
.
M | Y | WB_ VB VB VB VIB | Vil 1 1B 0B | R | "R | o | ey (AR | N
19 %,(20 's,|21 “p,,|22 °F (23 °‘F,[24 's,|25 °s,,[26 °D,[27 °F,,|28 F,|29 %s,(30 's,[31 °P;,(32 °P,|33 “s;, (34 P, (35 P35, |36 s,
3 Cc Ti|V |C Fe | C Ni Zn | Ga | Ge | As | S Br | K
o a C 1 r e o 1 n a e S e r r
a 4 Potassium Calcium Scandium Titanium Vanadium Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
Y 39.0983 40078 | 44955910 | 47.867 509415 | 519961 | 54938049 | 55845 | 58.933200 | 58.6934 63.546 65.409 69.723 72.64 74.92160 78.96 79.904 83.798
2 2 2,2 34 s ) O] ) 8,2 10 10, 2 10,2 10,2, 2 10,2, 3 10,2, 4 10,2, 5 10,2, 6
[Arlds [Arlds [Ar]3dds’ [A3d’as’ | [An3d’ss’ Ad’as | (an3d’as” | (A3d%ss’ | (Aad’as’ | (Amadss” | [An3d"s | [Anad"as® [ [Ad3a as%ap [Av]aa 45 49 [m]ad 45 Ap [m]au 45%4p* |[Arj3d"4s’4p’ | {Arjad *4s’ap
4.3407 6.1132 65615 6.8281 6.7462 6.7665 7.4340 7.9024 7.8810 76398 7.7264 9.3942 5.9993 7524 11.8138 13.9996
37 ‘s, 38S 's,(39_ D, 4OZ °F, 41N D,y 4fV| ’s, 43T *Ssz 44R °F,|45 ‘Fy, (46 's,[47 ’s,,(48 s, 49I Py, | 5 S “P., 51 "s;‘,2 52:r °p,|53 °Pg, 54X 'S,
r r o [o3 u n n e e
5 Rubidium Strontium Yitrium Zirconium Niobium [ Molybdenum | Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
85.4678 87.62 88.90585 | 91224 | 92.90638 95.94 (98) 101.07 | 10290550 | 106.42 107.8682 | 112.411 114.818 118.710 121.760 127.60 | 126.90447 | 131.293
[KrJss [Knss? [Krjadss® | [Krad®ss® | [Krlad'ss [Kiidd®ss | [Kiad®ss® | [Krlad'ss [KrJ4d®ss [Krjad™ [Krad"ss | [Krjaa"ss? | (Krjad""5s%p [(Kejad""5s%p’ | (Krjad'%5s75p” | [Krj4d %ss%5p* [Kr]4dm5525p5 [Krj4d"%s%5p°
44771 56949 6.2173 6.6339 6.7589 7.0924 7.28 7.3605 7.4589 8.3369 8.9938 57864 7.3439 8.6084 9.009%6 10.4! 12.12908
55 ’s, SGB 's, 72Hf3FZ 72‘1'_ ‘Fi.| 74 °D, 75RESW 760 0, |77 ‘Fy, 78Pt3D3 79A 5,180 's,(81 *F;,[82 |83 ‘_3;2 84P °p,| 85 2P;’,2 86R 1Sy
S a a e S u [¢] 1 o n
6 Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.90545 | 137.327 17849 180.9479 183.84 186.207 190.23 192.217 195078 | 19696655 | 20089 | 2043833 207.2 208.98038 (209) (210) (222)
[Xel6s [Xel6s® [xela'*s0%6s” | (Xelaf"*5%6s” | (xeJar'“sass? | (xelaf'*5a%s? | (Xelar'*50%8s? | (xeJar 5 6s? | (Xelaf“5d°6s |[xe]ar'“sd %s |ixelar'*5a %8sy  (Halep [Hgl6p* [Hgl6p® [Hgl6p* [Hgl6p® [Hgl6p®
3.8939 52117 6.8251 7.5496 7.8640 7.8335 8.4382 8.9670 8.9588 9.2255 10.4375 6.1082 7.4167 7.2855 8.414 10.7485
87 *s,,|88 s, 104 °r,2|105 106 107 108 109 110 111 112 114 116
Fr | Ra Rf | Db | Sg | Bh | Hs | Mt |Uun|{Uuu|Uub Uuq Uuh
7 Francium Radium Dubnium Bohrium Hassium Meitnerium | Ununnilium | Unununium | Ununbium [ L i
(223) (226) (261) (262) (266) (264) (277) (268) (281) (272) (285) (289) (292)
[Rn]7s [Rn)7s? [Rn]5f'*6¢%75%2
4.0727 5.2784 6.02
EICREroun siats 2|57 0,,|58 'c;|59 ‘,|60 °I,|61 °H,[62 'F,[63_ °s;,[64 °D;(65 °H:,,(66 °L[67 ‘I,,[68 °H,[69 °F;,|70 s, |71 "D,
3
. g2l La|Ce | Pr | Nd |Pm|Sm| Eu Dy |Ho | Er | Tm| Yb | Lu
Symbol 58 G4 £ | Lanthanum Cerium ~ |F i Promethium | Samarium Europium | Gadolinium Terbium Dysprosium |  Holmium Erbium Thulium Ytterbium Lutetium
€| 1380055 | t140.116 | 14000765 | 14424 (145) 150.36 151.964 157.25 | 158.92534 | 162500 | 164.93032 | 167.259 | 168.93421 | 173.04 174.967
Ce S| xelsdes® | (xelatsdes® | [xejrss® | [xear'ss’ | (xelar'ss’ | [xelar’ss’ | [xejr'ss® | xelar'sdss’ | [xelarss® | [xelar®6s® | (xejaf''ss? [Xew‘%s’ Xepar6s? | [xelar6s” | [xeJar"*sd6s’
R Cerium 55769 5.5387 5.473 55250 5582 5.6437 5.6704 6.1498 5.8638 5.9389 6.0215 6.1843 6.2542 5.4259
X | 89 0,(90 °F[91 K,,[92 1393 °L.,|94 F|95 °s;,|96 °D(97 °H:,,[98  °1,|99 ‘I, 100 3H6 101 °F;, (102 s, 103 *F5,2
e aisass ; Th | Pa Pu|Am|Cm | Bk'| Cf | Es |Fm|Md | No | Lr
iohtt A
Weight [Xe]4f5d6s 3 u
5.5387~ é Actinium Thorium | Protactinium |  Uranium Neptunium [ Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium [Mendelevium [ Nobelium | Lawrencium
- <| ) 2320381 | 231.03588 | 238.02891 | (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)
Ground-state _lonization [Rnjed7s? | [Rnjed?7s? | [Rnjs6a7s? | [Rn)56d7s? | Rnjst'6d7s? | (Rnjsi®7s? | (Rnjsi7s? | [Rnjsf'6d7s? | [Rnjsi'7s2 | [Rnjs'%7s? | [Rnlsf"7s? | [Rajsf'i7s? | (Rajs°7s? | [Rn)sf"7s? |[Rajsf7s%7p?,
Configuration  Energy (eV) 5.17 6.3067 5.89 6.1941 6.2657 6.0260 59738 59914 6.1979 6.2817 6.42 6.50 6.58 6.65 492
'Based upon C. () indicates the mass number of the most stable isotope. For a description of the data, visit physics.nist.gov/data NIST SP 966 (September 2003)
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Additive Effect on Reductive Decomposition and Binding of
Carbonate-Based Solvent toward Solid Electrolyte Interphase
Formation in Lithium-lon Battery

. . . . . - . ; ©RIKEN
Keisuke Ushlrogata,i_’i Keitaro !*;odeymna,’{f’i Yukihiro Okuno,*’ *# and Yoshitaka Tateymna"”"i'#’"

"Research and Development Management Headquarters, FUJIFILM Corporation, 210 Nakanuma, Minamiashigara, Kanagawa
250-0193, Japan

International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science (NIMS), 1-1 Namiki,
Tsukuba, Ibaraki 305-0044, Japan

# - ) R —_ Vo x/a =| /<t~
Elements Strategy Initiative for Catalysts & Batteries, Kyoto University, Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, Japan % — E Eg =-|-§ G)
IPRESTO and CREST, Japan Science and Technology Agency (JST), 4-1-8 Honcho, Kawaguchi, Saitama 333-0012, Japan 7dN o
Os Inf s LD N O \ —
upporting Information 96 f t D A
RICImF) 70772
ABSTRACT: The solid—electrolyte interphase (SEI) formed through
the reductive decomposition of solvent molecules plays a crucial role in @
carbonate (EC) solvent, a typical electrolyte in LIBs, on the reductive
decomposition. We focused on both thermodynamics and kinetics of ; ) . {
the possible processes and used density functional theory-based ‘ / S N -+ 2 \
molecular dynamics with explicit solvent and Blue-moon ensemble Ka tP . dimerAproduct +CO2 D L I B O) S E I H% G) ﬁW*SI. % 0) JEE
technique for the free energy change. We considered Li" in only EC O~ ve = =S E
along several EC or VC decomposition pathways under one-electron (1e) reduction condition. Two-electron (2e) reduction and
attacks of anion radicals to intact molecules were also examined. The present results completely reproduce the gaseous products g —é—’ H- L =
observed in the experiments. We also found a new mechanism involving the VC additive: the VC additive preferentially reacts D L I B O) SE IH% G) =) E ﬁ b{ b ° =) i
with the EC anion radical to suppress the 2e reduction of EC and enhance the initial SEI formation, contrary to the conventional
scenario in which VC additive is sacrificially reduced and its radical oligomerization becomes the source of SEI Because our AN -— -_=/L= =4 h—
mechanism needs only le reduction, the irreversible capacity at the SEI formation will decrease, which is also consistent with the i (& o [ Ex o B ﬁ G) E / I \

the stability and capability of a lithium-ion battery (LIB). Here we
solvent (EC system) and in EC solvent with a VC additive (EC/VC
experimental observations. These results reveal the primary role of VC additive in the EC solvent.

investigated the effects of adding vinylene carbonate (VC) to ethylene
system) to elucidate the additive effects. In addition to clarifying the equilibrium properties, we evaluated the free energy changes

K. Ushirogata, K. Sodeyama, Y. Okuno & Y. Tateyama
J. Am. Chem. Soc. 135, 11967-11974 (2013)
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