Graduate School of Advanced Science and Engineering
Waseda University

B+ & X B E

Doctoral Thesis Synopsis

o X & H

Thesis Theme

Quantum Chemical Approaches to
Nonadiabatic Dynamics in Complicated Systems:
Nonradiative Relaxation of Excited Molecules and

Carrier Behaviors in Halide Perovskites

BEHER R BIT B IEWTENE) ) 52~ D
= LT 7 a—F
JIhEL 43 - 0D MEHE B R R Mg OF
INTA KRR 7 AHA NHROFx ) 7 258

S
(Applicant Name)
Hiroki URATANI
A L

Department of Chemistry and Biochemistry
Research on Electronic State Theory

October, 2020



ATy x X —fgm (PES) X, Born—-Oppenheimer (BO) T {8l IZ 37
ML TR FEELEEOMBAEFREORT vy Lo x X — LMK EERT
LOTHD , (LFBEROBMEMNBEROPEL R T HMETH L, BO LA A
RWMICBIT 2RO AT I 27 AL, PESELICBURFOERHELT, ¥7bb
WrE i CEHME I D, o FEI Y (MD) Z. 20O X9 R ROREWEZ I
THLEDICES<HVWLNHEAENLLFTFHTFETH S,

— T, H—-DOWEANRIE PES hoE&H AR T RN TE ViR, 7 bb
WAL A F IV APNEEL RIS bRV, ZThEFXEFITBNTED

bUBEETH L, AT, %&W%’i@%@%%’%ﬂMRM$@ﬁ\PM
@x%%kbfiwizw% DR NETERE~ & BRWICERE L, KEOIZIX
R EREZR D LEEREBICES , PESAZEEHEITE W TIE BO T I Ak L.

®@%%ni@@®m@ﬁ%ﬁ/—bt%®kﬁé

W BN R EN 2R EAET 25 me LT, WKL H LEZEZ 24
EETLHENTEDL, E—1X, WERBICOLI S FOEmENEMTH 2, EiF
SRR FOL R S o &R %ﬁ?éﬁé%lf%é En b FRICH SR E RO
DTORFFICEBWTIL, Y% EBE2HMELHME TS kﬁmgk&é =77 L
HMHENEMO BERN BB OV TE D THEELTRREICKRESLSKFET L I &0
B, W& IR W R AT AR #Oﬁﬁﬁﬂ%%ﬁﬁwﬁw%iiﬁbkb%hé %
“F. KBEMEZ IO LT OERAEEBLERMBICRB T LR Y VT XA F I 27 X
Thsd, AEBBITZT-—KICHBD TEZHOMBREPEETI2EERERLZEL. 2
NEBMRT 22 FTHEHNTHLILAMBERHOBANOEHERRBETH 2,512
&mfxﬁ4Fk%%M(P%)%%ﬁféﬁﬂkbfﬂ%hé%ﬂ74%«m
7T AH A4 b (LHP) IZ2WTiZ, PSC O EWEHZN R OEIF O B FE & v o B »
LEZFDOX Y U T HEAFTIZRAZONTHWELARFREEZLTWS,

WAL A F I 7 A~DHFEAFEHNT 7o —F L LTk, MD & 5w o K#
AT 2IEME MD (NA-MD) BB TEY ., BEMNR Y I a2 b —v a3 v
FERELCOMAM 2L TW5D, NA-MD X, B K7 Schrodinger 57 & K iz
ESLKETFHBEBEOBERBEMERBLE VW) B TCHEAREMOEESG ZEI Y AiL>o D,
BEOEEBHIIMDICEIT2ENERKICERARMBE L TELT LW B X
I S5<, NA-MD BT HFEOI L, TR FOHERBETRLELLTWVWS D

?D 1% surface hopping TH YV . 2T NiF MDIZx L CTPESHOBOE Y /b bIE
WV ER 2 EBEEALEZDLDDEMNES T ENTE S,

L2”2L.NA-MD T#ibh b2 1Z. MDICB T2 L H# L CTHMZR RICR
Eéﬂf%ko;hiNAMD®#%ZXF@%LTﬁwk®T%U\%@@m
E3HBEICKRTED, FE1OHMIT, ZLOLGEERBIZYL TEITIND
MD L HE72 D NA-MD CHBEWTIHEMEREHENKLALERDZLETHDL, H 2

No. 1



OHMBEZ, ErREORMERZ2EZDR T2 bl T, ETREMOIREAOEE
AT IHEBE D 7Y 7 (NAC) OFENLETHY, ZhIZa XA MNE2ET D
T ThDH, BHEI3OHMALLT, HFHABRBRIICBTIBEOREVVIZIAKRE 172
LD ThHHEZA, NA-MD T onva bR BEOMBIO 7 % 7 v e LTi
LT, ZHOMBEZHAELRTREE%ROLI2FEREZGOLALR N E W
IENETOND, UES, BICET L) RERLRR BT DAY 1
RV 2AEHABEAFHICROVES L IRELRRETH - =,

A LWL TE, 2O BENBEMBEEZOMMIE I LHP BTS2 F v U 7T
AT I 7 A0 ZREICEE, BHERRICHEM TR NA-MD Fik % B3 T
HlEbl, YEFERLESWTLEZORBILT Y0 —F 4 5,

BIEEIFR THY, KELH O KON Z T 5.

B2ETIH, AMAEORBEL R 2BEFHEBLAEIFEICODVWTEHST S, HIK
21X, NA-MD ofim & BRI 22 ik, PRI A —F—0B ALY H
HibEancE A LFHEFETCHLIHEENBALEBEMSE (DFTB) EX I IS
L7 - phiEREBORBL VIZOVWTRR D,

B 3ETIE, DFTB AU ZOK LR FIEAL LB LE Lo, KBERE FEIEM T
FFETATEE /e NA-MD FIEOBH B R O O BMEHRIALIZ DV TR R 5,

3-1 i CTlx., A7 surface hopping 7 /b3 U X A TH 5 fewest-switches
% (FSSH) & . DFTB IS R EFHE F15ETH 5 TD-DFTB & 2 A& b
72 NA-MD FiEoEEIZODWTIERS,

32H T, RE-BHARAZIZILO LT HERR~O®E A ZH I, R %2 /HHE
BRI E T L L TREBREZ T D pEHIBE (DC) 1Tk S5< NA-MD
FEICH VTR DL, AW ciZ, DC A TD-DFTB 2% s L7z NACFHE 7 v =
VAL ZFHBAICHB T LI EaFEELE, 7T =M AVEKRPIZEBIT S
FIVTOHRBMBLYATIITRAEZRNBLE L THBERIEZITo T EZ A, KTIE
TR TR R EkiET 22 b b TD-DFTB/FSSH & bl L T & 5 B 8 2% K bE (2 Ml
W, ZHEEoa+ (TR 280%Cx L TCobMERSEHNNATRETH
D ENTREINTE, —FH, NACHEM LK O NA-MD o5 R kiEozn o & &
K —HLEZEDLDL, BEBRETOLDLIZEDBH LN ER ST,

fli1 7, (DC-) TD-DFTB i b kL KK EM O PES K EZ4# EL @ik ¥ 2
ZERTERVWED, BIEFEMBREE~OBEBHICITERND o2, Z 08 %2 KE
L7=F#E & LT, spin-flip (SF) &£ 5< TD-DFTB (SF-TD-DFTB) 728 # &
EhTWwWbd, 338 Tk, Z2hIcES< NA-MD FHEOBRBIC VTR D, ¥
WD R, B L~ FE (SF-TD-DFTB/FSSH) 1%, Xk v &K EF N E K H
FETHIEIEFHAEAFELASORBETCT YRR B o BRElLE 7 ILE L
BEREFGLHBIE T L2 LN R INT,

&F

\

No. 2



3-4 HiTlX., AixHioKHEHEALT 72 —F (DC-TD-DFTB/FSSH) & i ffi ¢k
Nl ERE-LEKREMER ~0 KK (SF-TD-DFTB/FSSH) & O A I >\ T
WD, YFETEBICEY, BERICBT 2 BHEHEMBREZ NA-MD THERH 5> 2
EMAEETH D Z L& T,

B4 F R OVE 5 BT, ME R S AR DM RE o M K AF I R OVER BR mﬁékwaﬁ
Wb, [P RO T 05 o EESEMEREZZHE NA-MD i &

DX Eam T D,

BA4ETIE, 77 7x=xxF L (TPE) KON HAMBEZ D MNICHEE
L7 TPE FEAKICBIT2BEBENEMBREICOVWTHERS, RF% T, NA-MD
(SF-TD-DFTB/FSSH) #tHE MR o IcEK S &, W B B E B &2 X0 kiR
RREMMER SN Z 2R LT, &6, EBESEMLE Z OME O M KRS
LML,

BEHETIEI.DCAVSFE2HAELEETFHBICESET  BRTPITBT2BESS -0
ﬂ%%%ﬁL&@NAMDvi:V~VaV%ﬁ50:hK%d%\%ﬁ®ﬁE

CkovphEREOEFEMNP LTI EERL, WEOKEN S O NHESICE
zéﬂﬁkwoﬁﬁﬁg_m%%%ﬁéo

B eEmEMLOE 7% TiE, NA-MD §+&H & W2 ny MD 3t HE o i i@ 2> 5 LHP @ Y Jib
EREX A T I T XA EERT D,

6 H TIE. NA-MD HEICHESEX LHP O X IRE X A4 7 2 7 2 O F Ml %2 W
SMICT 5, N EE®% O LHP 2B W TIiE., BIEFREAEMI v U 7124 8
3 % FE Ay B :h%ﬁ%ﬁ®iXW¥~%%5$yF%%)7ﬁﬁ Zz L THE
MOFEICHEISLEEEERZEI A —T 0 v BRAEITT 5, KFE TIE
¥ L7~ TD-DFTB/FSSH i5ic kv, BF &¢EDOX A4 F 3 &Z®m5¢%%ﬁc
L7 NA-MD #% L7, 2k, Lid MmN AICHEE) L>DH#EALT
DB ARz

—H, B TETIE, METHEXZ - HOF EMHBBBENLET LEBEDO NN NiEx
YU T7TOREBICERT S, Z0t&E, ¥y V7 EEnm Ay —LVOHBELEEZ#5
R—=7va LT HEETDHIIERNINETRBINNTCE R, &5, HAKHAR
LHPIZAF AT v =0 LB F A (MAY) 2K FHhICELBERRBEELH S
ENL R =T U EBRIZB TS MAtOEGHOREF IR BEHRONSH L SN TE
o AWFZETid. DC#EEZ MWD Z LIk, LHPIZB T AR —F oo+ %
MD #HZHEBEICHTWVWZERABRE CEBELEZ, dFEBERICESH THELE O
MEHLNMZL, XA —WHELSGOBE»S MAtOEBHOREBLEM LT,

BB TIHREBA NS HOBELZ R X, A Lim X xH S,

*
5
_a—



No.

BERERT @t (BT FPFE REEREE

K 4 i Fl
(2021 FF 2 A HAE)
Wl A B - FATHGRGES JEF - FATHEA WA E (RREEET)
i
O | “Trajectory Surface Hopping Approach to Condensed-Phase Nonradiative Relaxation Dynamics
Using Divide-and-Conquer Spin-Flip Time-Dependent Density-Functional Tight Binding”
J. Chem. Theory Comput. in press.
Hiroki Uratani, Takeshi Yoshikawa, and Hiromi Nakai*
O | “Fast Nonadiabatic Molecular Dynamics via Spin-Flip Time-Dependent Density-Functional
Tight-Binding Approach: Application to Nonradiative Relaxation of Tetraphenylethylene with
Locked Aromatic Rings”
J. Chem. Theory Comput. 16, 7299 (2020).
Hiroki Uratani, Toshiki Morioka, Takeshi Yoshikawa, and Hiromi Nakai*
O | “Non-adiabatic molecular dynamics with divide-and-conquer type large-scale excited-state
calculations”
J. Chem. Phys. 152, 224109 (2020).
Hiroki Uratani and Hiromi Nakai*
O | “Simulating the Coupled Structural-Electronic Dynamics of Photoexcited Lead Iodide
Perovskites”
J. Phys. Chem. Lett. 11, 4448 (2020).
Hiroki Uratani and Hiromi Nakai*
O | “Quantum mechanical molecular dynamics simulations of polaron formation in

methylammonium lead iodide perovskite”
Phys. Chem. Chem. Phys. 22,97 (2020). (2019 PCCP HOT Articles)
Hiroki Uratani, Chien-Pin Chou, and Hiromi Nakai*

“Inorganic Lattice Fluctuation Induces Charge Separation in Lead lodide Perovskites: Theoretical
Insights”

J. Phys. Chem. C 121, 26648 (2017).

Hiroki Uratani* and Koichi Yamashita*

“Charge Carrier Trapping at Surface Defects of Perovskite Solar Cell Absorbers: A
First-Principles Study”

J. Phys. Chem. Lett. 8, 742 (2017). (ACS Editors’ Choice)

Hiroki Uratani* and Koichi Yamashita*

“Detailed analysis of charge transport in amorphous organic thin layer by multiscale simulation
without any adjustable parameters”

Sci. Rep. 6,39128 (2016).

Hiroki Uratani, Shosei Kubo, Katsuyuki Shizu, Furitsu Suzuki, Tatsuya Fukushima, and Hironori
Kaji*




No.

BERERT @t (BF) FANPFE HREEEE

Al A FEFK - FATHRGEA FEF - FATHEA WA E (RREEET)
iR
“NXa T AHA N REERMEHZ BT DR —F v RO B IIFRS FEIIFY R 2
L=z
J. Comput. Chem. Jpn. 18, 142 (2019).
A TR, 8 2, I R
AFTH

Oy BIFTAR R BB G D < RIRBIEWT By 1B ) A FIE DB %™
DARFERA VT A VilimR, AT A BE (202049 H)
A EEE, P R

“Large-Scale Quantum Mechanical Molecular Dynamics Simulations of Polaron Formation
Process in a Lead Halide Perovskite Material Using Divide-and-Conquer Type
Density-Functional Tight-Binding Method”

The Ninth Conference of the Asia-Pacific Association of Theoretical and Computational Chemists
(APCTCC-9), Sydney, Australia (Oct 2019)
Hiroki Uratani, Chien-Pin Chou, and Hiromi Nakai

“UNTA R T 2B, MEHCB T A R—F 0 VIEBARORE SN %Y 2 2
Lr—37

%13 Bl R RS, 4R (201949 A)

WA e 8 AR, PR SR

“Divide-and-conquer DFTB-MD simulations of polaron formation process in a lead halide
perovskite material”
10th Triennal Congress of the International Society for Theoretical Chemical Physics (ISTCP-X),
Tromsg, Norway (Jul 2019)
Hiroki Uratani, Chien-Pin Chou, and Hiromi Nakai

“NRa T2, b KEGEMEHI BT AR —T 0 U EROEFHSFEINTFE Y I 2 L —
V=V

HA 2 VB o2 — LR REFFER 2019, 1AL (201946 H)

WA e, B Ak, i B

Oy EIIRT R FE LB R R IR L D T A A P KBEMMEHC BT AR —T 1
NS0 1 Ak S ZIET VE A I

55 22 PG bR e, dbE (201945 A)

s yseE, B gk, P e

“EREPLBIHOR AT RS R T A A M KBFEMICE T DX v U T HE O
%12 Bl R ERER S, fmi (2018 429 A)
ARGy, <5 ol s R )




No.

BERERT @t (BF) FANPFE HREEEE

Al A FEFK - FATHHRGE FEF - BATHEA WA E (RREEET)
A TE “Inorganic Lattice Fluctuation Induces Charge Separation in Lead Iodide Perovskites:

Theoretical Insights”
APS March Meeting 2018, Los Angeles, USA (Mar 2018)
Hiroki Uratani and Koichi Yamashita

“Inorganic Lattice Fluctuation Induces Charge Separation in Lead Iodide Perovskites:
Theoretical Insights”
International Conference Asia-Pacific Hybrid and Organic Photovoltaics Conference
(AP-HOPV18), Yokohama, Japan (Jan 2018)
Hiroki Uratani and Koichi Yamashita

“Inorganic Lattice Fluctuation Induces Charge Separation in Lead lodide Perovskites:
Theoretical Insights”

CPMD2017 Workshop, Tsukuba, Japan (Oct 2017)
Hiroki Uratani and Koichi Yamashita

a7 2AAA NRGEMICR T DGR D E LB BEOBMR - B I 2 L
oa L BRI
& 11 Bl AR, e (2017 429 A)
ARy ST o

“Design Principles for Perovskite Solar Cells: Insights from Density Functional Theory
Calculations”
Interdisciplinary Symposium for Up-and-coming Materials Scientists 2017 (ISUMS 2017),
Osaka, Japan (Jun 2017)
Hiroki Uratani and Koichi Yamashita

- RPRE RIS S R T A A MUK E M OB ERE R L OWERER EFEEHCE
ﬁéﬁw”

5520 [MIE G b Ram e, AUA (2017 425 H)
i%§%ﬁ¢UF%—

“First-principles investigation of charge carrier trapping at surface defects of organic-inorganic
hybrid perovskites as photovoltaic materials”
APS March Meeting 2017, New Orleans, USA (Mar 2017)
Hiroki Uratani and Koichi Yamashita

“Charge Carrier Trapping at Surface Defects of Perovskite Solar Cell Absorbers: A
First-Principles Study”
International Conference Asia-Pacific Hybrid and Organic Photovoltaics Conference
(AP-HOPV17), Yokohama, Japan (Feb 2017)
Hiroki Uratani and Koichi Yamashita

“Monte Carlo > X = L — 3 2 K B IESEE AN OB g S i
%%3Emm%ﬁiéﬁéiﬁ%ﬁé,ﬁa(mm&%ﬂ)
A 5, EE D%, ek A, | Eh, 12 oL




