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% 1 % “Introduction” TiE, A A kB3 2RO BEREI RIS L OV Li A A R8P ERERE IO
THE L, RO E T E BRE RS TWD, A A UikicBET 2Bma EICBE LT, 2 E TORE L
LSO MEE F & iz, T4 A kR RICE 1T 5 Jacob’s Ladder] & WO ME&ZH72ICIB L=, LT,
A FAREEFEIBN T, A A D EBRIARE T 2R (A A A M) 2BET D 2 LT R
BRI APBLR O L 72> T D Z & i U, £7o, RN LA A AREEEEEREZ (1) MIRERD
AHERDEEERD, (2) MEDSRERENIEME N THEL, B L, AT, 285 (MD) 2w
Too A F oA F U FB A BB LT ARG DR 2 B3 2 TR B LOWWREE L b oAy FifihE
R LR 3 AR Yy NEMRE DA F ARSI OMBREHZ B & LT,

%5 2 ¥ “Theory of Molecular Dynamics for Ionic Conductivity” TiX, A A (ZEE %A MD CTiHHET 57200 EE
RERRMEREE L O, 22T VU EVERETIZE D MD ORISR & S fRE R I L E R IR E
PR AR LTz, $£72. Onsager O R RRAUCHN DA DA A kR AFITH T 2 Hikx L DTz,

% 3 & “High Conductivity of Organic Molecular Crystal Electrolyte: Li-Li correlation and Li-Crystal Framework
Coupling” TiZ, m\VMEEE % b D H MY 15 EME LiIN(SO2F)2)(NCCHCHCN), DRI A A L ARE A 4 iy
LMD (2 LY L7z, ZOEMETIZ, LiA A ORKMEN LT LA A RAERRAE L TRET 22 LR
RENT, Flo, EOLiAFUABZEIZ, BAHEOARZ > ) = NYNGT DAL 7@ E T 5 2 & Tamdifb &
NTNDZEEHLNTLT

% 4 F “Development of Chemical Color-Diffusion Nonequilibrium Molecular Dynamics (CCD-NEMD) for Fast
Computation of Tonic Conductivity with Ion-Ion Correlation” CiZ, A A > -A A VAR % BB LRGSR OGRS
W% %83 5 7212, Chemical Color-Diffusion FEF-f#f MD (CCD-NEMD) &\ 9 FiE%&BH% L7-, CCD-NEMD T
X BREM BT 202 A A ACHIN L, A UleA ARt U CRIBINEBR Z ool (BEEE155,
CZOAIEIMZ L0 A A OEEDME S, GRS S D, 22Tl 18ROV MD (AT, FHE
W[l 22 1/9 (ZHERE9 2 2 LT LTz,

% 5 & “Enhancement of Li;PS4 Conductivity by Compositing Glass and Crystal Phases: Interfacial lonics” "G, LisPSs

DH T AP FERIH 2 R Y y NEMREOREELR SV DH T AREB L OB ERAOREE LY &< e bk
DFEBRFERITH LT, £DER % CCD-NEMD (2 X Vgt L7z, Z 2T, 3FEOREET L AHEL, 2D 5
BT ZH-B FEd(010)FH O ST 7 MW TH T AT OARE A 2 5 N B LT, 2 OREE T2 & |
LisPSy D T bRE A EV o-LisPSy BEREIE I THAR L TV D Z L DR S, a-LisPSa BREEE DR B 2 R
v MUIZ & DB E R EOERDO—> & LTRSS LT,
% 6 T “Development of Constant-Current Chemical Color-Diffusion Nonequilibrium Molecular Dynamics
(CC-CCD-NEMD) for Further Acceleration” Tld, =il ARG O FHERFH 4 i 272010, EA A2l
CCD-NEMD 5% BR%E Lz, ABIRFIET., —EDIMGIZ LY A A il AR % CCD-NEMD # (554 %) &
TRRY | A F R E —EICHR LA ERE O 0T 2, TOWMRICK Y | B2 FHEEFH OEMEN TR TE 2,
T ITE EmRAEERREICRW T, B4 EOTFENDFERM A 1/5 M5 Z LTS LT,

%5 7 “Conclusion” TlE, AL A#fE L, SHBROBEICHOVTERTND,

PLEBES 510, RRRSCTIE A A ARG 2 RO miEIC G T 2 FEBRE R KONV < O 0 F R [EKE
FRE DA SRR OB ZI L TR Y, THEEBKT 2 & 2ABKRE, Lo T, Aimiddt (%)
DAL E L THITMEns 62 b D LR8O LD,

% FSCE R IX, FI3C 2000 7 & #3300 354 19 DM 57, & L <IEHEIL 800 354 1 H#EH LT 7230,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).

HEE  RERE, R LRIV —F VRN (T2R) I TA U Z— Ry MARSNET O T, AR ARERFHONE TERL TTES,
Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(1 H3RR)

Doctoral Program

wm X EE

THESIS SUMMARY

Fea—A ISRk PR HRahL Gy © s

, N . . - 4 ( T% )
Department of, Graduate major in ﬁt:)zﬁ’f lﬁ% a— A Academic Degree Requested Doctor of
P . = [=1 Ny R
TR Pork PR (R : K
Student’ s Name Academic Supervisor(main)

fREZE (F) -

Academic Supervisor(sub)

BRI A

HE (P 300 FEFEAE)
Thesis Summary (approx.300 English Words )

The dissertation entitled “Theoretical study on microscopic solid-state ionics of correlated ion transport” is composed of
seven chapters.

In Chapter 1, I describe backgrounds for theoretical solid state-ionics and Li-ion solid electrolytes (SEs). I classify the aim
of the research, which is developing computational methods for the efficient computations of ionic conductivities accounting
for ion-ion correlation and investigating ion-conduction mechanisms in promising SEs by molecular dynamics (MD).

In Chapter 2, I reviewed the theoretical details of ionic conductivity computation by MD simulations. The linear response
theory and the details of the Onsager flux equation are summarized for developing computational methods.

In Chapter 3, I applied classical MD to an promising organic molecular crystal electrolyte, Li(N(SO,F);)(NCCH,CH,CN),
(Li(FSA)(SN),) to investigate the microscopic Li-ion conduction mechanism. I revealed that its high conductivity originates
from strong Li-Li correlation and Li-crystalline framework concerted motion.

In Chapter 4, I developed the chemical color-diffusion nonequilibrium MD (CCD-NEMD) for accelerating the
computation of ionic conductivities. In the CCD-NEMD, the external force is applied to the ionic species. The external force
enhances the sampling efficiency, which leads to accelerating the ionic-conductivity calculations. I demonstrated that the
CCD-NEMD is nine times faster than the conventional equilibrium MD for conductivity calculations.

In Chapter 5, I applied the CCD-NEMD to a glass-f-Li3PSs composite to investigate why its conductivity exceeds those of
the parent glassy and f-LizPS4 phases. My calculations indicated that a more highly conductive a-Li3PS4-like structure was
formed in the composite electrolytes, which was suggested to enhance composite conductivity.

In Chapter 6, I improved the CCD-NEMD, where a constant external field induces an ion flux. The NEMD method
developed herein constrains the ionic flux to a constant value and allows the external field to fluctuate (constant-current
CCD-NEMD). The constant-current CCD-NEMD method succeeded in the five times acceleration for computing the ionic
conductivity compared to the previous CCD-NEMD.

In Chapter 7, I described the conclusions and future perspectives of this dissertation.
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