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L7- (JACS2012). =BT, RUBRTZ2OoFT 251618V Ve POl A2E
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57 1NIZ B-N BLOLAS & % & O n AL B ORI SERONE D A S, Bz 7
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ERE - R BB M B ORFZE BT I B W T TEBE Ry — L R 55D
ThHY, GV nBFROBT-REROMEEZRTZENTEZENZS.

L2 MBRZRT nBFROBE B HEKRY L7 r—7)
(DFFE SR N AR Je OV

i I ERE DT & D S TR R R ON, B ERRIEN D 2 b o n L ERTH 5.
Bl 21X, 3ot n MR DORRHFITHD 7 7 — L U FHEEKIE, BRIRTH D Z &2
L TN n BSEREEEE & 5, AR EMMFIEIZIB O TR ROMELE 725
TWo. AL, adEDRn 0 W B, Bim (i) A7Ze 3kociEE kv
HEIRITIRD D 2 IRTCH R D T BAERNIL L W AR 2R ILEA W EETH L. K
FZETIL, BEi S N2> 2 ROTETR n B ROAIMICHkER L T & 7. 4 1ikE
D—o2>DH L, WE THEEED S WVEDOAIETH LS. ~FH Ny amxry
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(HBO)IZARE &5 Wtk 2 RoT B #IE, BERBMBEDILNVICLY, HFETol
7 EAER 24T, BEIRRE CTOR RO RBUZ SN 5. EERIZ HBC B %
ZREENC Z N E TR ZFER BB S, ZO0BFORBIZRKRWVICEBL T

WIZE 21X, HBC ODFEN DB ORELZARRICL TEE WD, Z0 X5 ek
DOWEEL T2 D FH IR ARG 2 WDTEREE L, £ OREMEEZ WV IZAEEIZT 2 D8
AWROBETHD. b H—OORFOMAL, Far7e 2 WorgHKoAIHIz X 55
FR O TIIOMEDER TH D, ZOTEDITEROTIIEICER Lz, Feikit 25
T2 kicky, AL v T2 T EOBMEE D 50N IFFC& 5. ik
L5120, EFEEE L7595 BER, 7 BER, 8 BERE WV o LEERHOE A,

SAKBEEOHRIC L DR UG DER, BIGERLT 0 U Ui o RER
HEHROFER 2 EOT o —FNEZLND. BxlZZnboh T, 8 BERIET
miEEL S/ uaA s X7 h T (COTIZHEH L, FEEKOAIHIZHKAT.

ARFFEOHEREZ 72 ) HE 2 DN, BRI AT OKEMGZ FREICT 2 H &I
HENT-ABILFETH D, BRI SN B TYH, b RETLIAK
TERVWDOTIE, vT7 VT ARV A U AORBIZTFG T 52 LITE L. Frx i,
BNIZEHE, TOBKREBKT 27 ODORIGHIENBITH & 5 BB THFZEIZER
DA TEXT. Bx OLRRIEBEO—o>DOEME L 500, 7V —ATEFL v
YEO THBLMIGTH D, Fa 1L I E THEix O CHET 2 T EBRILRUG E B
HKITHZ LIk, —HOT ¥Rt rEFROEHKEZERL TE7 (CA
2009). TN 5 DOISEIR CERE SN A E2 AR, BWYNCEREF SN & A
HZEICEY, 2 WoCRER A o @R ORAIRUZEL Y ML T

TEMEZRTHIERE « EFROEIR D7V — L7 vF L O ZHEBR(LEUG 2R
file LIETE RO E LT, T4 7 = VMBS Z 70100 19 DA%
AL L7= (ACIE 2013). B A (T A = A F =) T F Lo &2 LB AV TR G
ZIT9 2 EI2L Y, 5exo-dig BT EHBALLEITL, T4 7 = R~ ¥
TRV BRPINRILS TR END. ZUTBEFSAEMICEAE +5 1 E15%
DOREREALE LTHIRFCE 2. 61T, FHBRILNY 26 D872 F it kot n
BEAFRELTCT hIF ) F 72 L (TINZERERE LTREL, 7EFLH
O _EERALKG 2 DG RRIEOBRFICE Y AT, 7TEF L URiEEN S D
T VR y M TEBALKISIZ LY, @E OIS RE & #esr L7z (OL 2013).
ZHUCKY TIN B#E 27 & Llckkix Bk o +F8 o &% 20 DGR AT
HeE/eolz. TINZaT7EKRETH—HO o ERIIMTNL—RITT /) 774 /13—
EEALLT K, ENbOT G ESMEOFHEBEICOWTIH LM L. F 2,
TR EE —RITERE L CT F I F /BT 2= 2 OARICHLES L. &
FILENNTEBRIR T EF L ALEMTHLT 7T /(AT Ka[12]7 X L
) 21 B OFERRI 2+ 2 MBRAL S ST T TR BUZ K-> THHEIT 75 2 & %
RHEL, ZOBKOAREZER L (JACS 2013). HEZL—7 (LK) Lot
FZEIZ & 2 5EMI 72 B LIRS RS B, 2 AU B 20 e BB Il D [2+ 2] A INBR AL
JETIEZR S, BIRT XV EO n B RN E LT 8n EFERIRRIG—4n BBIR
FOGPERANCE Z 2 Z LI K OB RERY, KISHNETT 52 LB L M
o TWA., R LET FFF ) BT =1 30 HOMO-LUMO Xy v 7%
Lh, RECEETHEKRTHD.
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A ar

r heating

atB0"C -

R
= :E> v ~(
S -
R
19

(A = tBuMe;Si) R R

o ?Hﬂ B ,,J!E_. mCPBA
Ar? | I
i 5 rt I
s S y
“ s ey R R
= s..ﬁ,—-&J ~_Na
— Il
o \:_< }—J 7 . R s. R
TS (R = BuMea:Si) 5 H

BB 21 OFXMIR2+2)HMBRALIX, Ml L= B/ROMGERILZ2 &), AE
BN =RV X —BIZAF]TH D, BEBEEORWT 7 = 2 Wb 2258
TELRIGEWZ L. WIZE X, MBS oM e TSR] [ZX> T
EEERDONDITTTHDLH. ZOEZND, 21 OFA 7= ERILLTZE Z A,
FRICBW T HERRILPETT 52 L2 AW Le (JACS2014) . HMEBRERALOD TS
ERMED AL »F o 70280, T Fa7 XL roEtt & ROSTEOHRIEA ATEE T
HHZEERLTEEWVWZD., KIETELN-T A7 2 -8S-UAF v R e~
=123, MIECAWR FHEEZ DI EITZ, & REIMED SO, FL O R
R L TERWEFSAEEZ b 6, n AEEEROIEAREH & L TOBIEMENRE I
7o F72, S0, DEBEBAFHIFICL VMO T = = U VU FFER L 1T 288 2R L,
FRWEOE AR R T LB RS Uiz, BEEEVEM B O HT 7= 7 AR B I & L C OB
BTED, FH 72 UMBREATE Fa[12]7 X Ly 21 OFISHETS 59— E
DN, ALFETT LIGAIE, IBRR+2M1Tlid72 <, 7-endo-exo KR CTERILAN
HATL, 2 o0 7 EBRBER LTE-~T 2 LU BKEAERTHZ EThA. Boniit
B2 I BIZEBR ) U LERAWTELTAZEICED, U4rETFRTHLAT
LoV T = ORBHIRII L, ZOERPAEFGREREZ O L 20 TR
(2% L 72(ACIE 2015).

OR
O < RO
Br x OR O = O
Br O
e el - 00
RO X
< Br i spontaneous —
< coupling cyclization O O
@ o on
OR

not isolated

ZHMAEFEEZRTHRE n EFROBE LEAREE B EL LA TRER
a7 EKE LT, 4 ODOF T — /LB % head-to-tail B8RS U7 Bdk 4 B0k 27 2%
L7z ZofbEWiHiiac 8 BERO COT s b b, IEFEMEDILAMTHD.
F 7 —/VE % head-to-tail B THEfETH 2 LIk, ZOFLVERKD tub B HERSE
FOTEMAL= L X —2 6.8 keal/mol & E L /NS 7D 2 2HGHAFEICI VAL
I LT, ZAUTRHAD COT B L 0 /NS VWMETH D, FoRi Zelk 22 A& 125G
ENTVWDLENZD. ZOBKROYIO TCORKE, /X727 Mtz HW= C-H T
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V— UG ZEBET 5 2 ic kv iERk L7z (ACIE 2012). = BICff @&Aﬁ%®
BRI Z B LIRET L, FEBRIRTF 7V —/L 4 81K 26 DEEI7: 8 & %w%ﬁm
THIDOEENPELNDZ L2 /L, —HOFEERD G % HE Lt@BmB%
%Eﬂt%?ﬁ—w%%4%Wﬁ#$ﬁ%ﬁ%ﬁéﬁ%##b%f,%%%%Tﬁ
T LT —HEEETERT D, ZHUTESN I EOSN RIS AN Z D Z &1 X0 I
1% PHEAEE A~ B S D 2 ENTERIE, FL0 COT ERNIETFEHEIEN B K
FEHEME~EBIL L, KRELEERBEFUENEILT I DLW TES. Z2TH
EAL TOREELZALICHOWT, A4 YEL RT7 Lkl (DAC) %AV /= 0-5 GPa
DOFKIE FIZEBT DK X BRI EBRIC L VRt Lz, &E T T, ks
%@ﬁ%ﬁf}@%)&%b<ﬂﬁm_W%b a fili 5[ DOULHEIL 5 GPa T 4%
t@w@;ﬂbc%ﬁm 1% 15% b DR Z 79 2 & 2B 52 Uz GRsCHElR ) .

DOFERIL, @ET T, COT BHMNZIMRIZEIL L, KA FHRMEOHRZES LV
Iﬁﬁ@mwﬁg%ké LETELTCWD. 72, COT & JFANCHaiE L-ikE
%®éﬁKOMT%%ﬁLﬁ.WmsmwerWMdmC&Emm) _@mA%
COT OZFHRMEICHEN L TR E a2 (L& ki TAEL, ZOEAVOHIEIC

D,%@ﬁﬁ%ﬁ#ﬁ%’ﬁm¢é.it,Fm$fia_nx&/%/7bt%
EEERL, RESEREY 7 MLIdbErRmd. oD%, ZolkaWwii—
OOFEHATH Y 226, BEEITS U T RGB DA T & W 9 BLIRIEY ek %
IRUTZ. BRI D TIIOREE N2 D.

-

\ PR \\‘Q j") s

I : 280 °C, 1h N S STN pressure

N / N8 neat in the air \:—\/:
/_& \\; —

j N/ ‘E s §§ <m—

=N X ™
$ Jd ub Planar
” . B nonaromatic antiaromatic

4.3 VI FREREOBEBMEMIEEERE G HERY LN L—7)
(DA IR N B OVl R
n%%%®M$@%W%,EEﬁ®¥o@,Ew-ﬁﬁﬁﬁmﬁwf,ﬁ%20®
ALITE B2 - BEBIOMEEZ RTZIETHA Y. TOMAIFLE LT, IRE
%@H% KON ET 5D, FHIOTRAEEICTN T AX v 7 LIEBRICR
BT 2 ) 2ARTIE, W - BB AKOEERRERE Y 7 NOBEREDHE K, 4
%ﬁ%ﬁﬁﬁ%%@%7/x77~%“®ﬁk ERHIfCE, AL br=7
ASNDOIEHOBLENO bEAV. £7o, BABEIE LV 9 T, MR, MEarkE
JEDT BN T 7 ZAFEENC L > TRES B D, fEREERETOSFELIAZ 28D 5
LR ERTETEWVEMBEIELZEBITEX A0 —O0ETHAO L, —F
T, AEMIZIIBEENLELTENLT 7 ABBETENTZ TEVEZERL TE 50D
HELHETHD. O OREDERRZ A28, ﬁﬁﬁ\%mm%%ﬁﬁé
DI L7257y o B ORI, 38 X ONE RS 2 $IE4 2 720 O 7724
SHESTOHESLIZE KA T,

BHEIRBE O TR ZHIET 2 720D x DT 7o —F(ZRkD 2 > TH 5. 77
DH, =D, By X TEEOKICE LTEKE S D52 L, 9D,

By F o IEE L DR T VB OSSR Z BRI TS 2 L THh D, i
FOHRELTUL, WAWAREENEZOLGNDLITHAIN, RFP——T 777 —
& O A S DRI L 2B AEEAOHK, B X0 EEK O ZRITi 724k
BRICE 20 TEMEEROEKIZEREZ N T, DTtz iTolz. T%&EE, M
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BRCIT S FE R AFIE S Gz b2 “TEAT 7 A7 EEOAIRA T 728k
WTHD. ok, TENT 7 AERI DA Z TR ERZDEFRTH DN,
A% EL MBI ~DIEM 2 E 21256, KV EWEMBEIEZ D7 'L 7 7 A6k
DRIHITEAREERRETH L. ZOEHADTODO—>D5FREHEEH 21K T2
ZLEBRLT, FiKAT VxR NEHE RO BRPRAEEHTNC & 5 o FRCmfE &
IBRGERNL, TORMMEORF AT 7.

DFEREFEIE L HFIA)IFA T VFEERDBIR By X IHEED
TERRIZHE LIz B E LT, 47 = VEREZMRENL & T 24 OFrFf oA L =
DE A, B FEEORBNCIR YV HAT. £, Xy 7~ AFEOBRER T2
IR FICE X T Sy 7~ 05 28 7= ICBA%E L= (CC 2013, back cover).
Z oA, 33 E 2 Gie A U IF AT = L OFRKIC L D BEICARTE 5.
HRDFF T 7 N AL L RO F A7 = L EAL & D4 TR BEAEAICER LT
Hipn AX vx 72K L, WRIRETIIFAZZTH0Cx L, fidbikETiEs
BHIRE b ORBER LU, BERKREETOKET A7 VT, WIUHIRIEIC R E
v 7 ML, 1150nm £ TEL TV /=,

NPh,
Oy-S.  s_R
Y
L \
S s o
28 (R = tBuMe,Si) /em = 638 Nnm
(Fr=0.83)

AV IF AT = UERRICHEERE S 2 AT D 2 L THROEEZES TEH 5%, 2,2-
(T [23C1TF 7 = NEFEREH & T 25— o k77 30 DA EIT 7. 2
DILAEM Y, KO n HAEHRILOBEY/SERUC L0 I A MO BRSO Al
BETHY, EEE, KR b 7o A F LT = = VA AT S 58N ISR RE TR
FICRWEY 7 L E R L, £, RENRAGHEERTH DX D
i (0.5 cm® Vst 2T 5 EWEHBEIE(TRMC JIE, ~4 cm’Vis?) 2657 &
ZRZN—7 (BRR) & OIFEMFFEIC L VIS L7z (ACIE 2013). X 5120, Bk
EHLTAT7 = UROBEEEZ, LT D2 L2 L0, WEEGERZ 72720
LD L TR E— A bbb, ZORMEEZRATLZ LI THO T
BLm OEAFA FRECH D Z & &R LT,

7

s
S—~"" wider
! S\ Q| p skeleton
Ring-fusing ~ Y
_. of thiophenes 30s ©
-~ (symmetrical)  dipole moment
S N\ /S 1.67 Debye
S ¥
bithiophene—containing | S
1D plsystem - < o
-
30us

(unsymmetrical)
Bi(thieno[2,3-c]thiophene)s

PFWEERAKFREESRY N TI—VDORBEA N/ VDXL R ZHET S
FEELTEH ) 2T ONDDN, C-H-X EDFHWKE-EIC L DXy FU—2
HEOERTHD. L, TNEERMICERET 20138 L. ABFFE T, n
RIMNSERT BN T 7 AMEO —2DEM E L TER LT NI F T I AT 4T =
V3L MBLBRTRVVIKFEE R Y MU — 7 G E SR EE TR AL L, BBREW A T ) 7
0 ALERTZEEZRH L (JACS 2013). iT4E, MR IC X HILEH D%
I« AT bDZAL (A H 7 7 1a I AL) OFERERICHEA TSR, —
Wiz, EEEZTOETZEICEAE M (VAR aI X)) EFKETICET A
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b (v 7o IXn) 1% Pl RSB EZ R eEZxL0NTE. 2T
L, fb&®% 3L 1Z2 D 2 DOBAHRIZ R L Ta< B3 EEE R LT,
3L ITAEERFIZ BT 3T ZAKFREE R v hU— 7 ZTEAKL L, 556 nm [Z=F v~
=R A ONDEOENETRT. ZOMBETVIELZRRIZIEREY Y MLz
HREEAOE 490 nm)Z /R L7=DiZxt L, ¥4 ¥vEY K7 et/ (DAC) %M
W EKESME T TIE, FoRmRIIENIS L TREEY 7 ML, 32GPa T
IR L (608 nm) AR L7z, F7z, BUEICE a2 bn R on-.
WIEB L OMETIZRT 5 X SUEEFT, IR, B NMR A7 kL, DFT FHEOD
FERMND, TVELICIZEBEEY 7 MIKERER Y U —7 ORHEICES =%
v —TEROEICER L, FKETOREEY 7 MIZ&FEHEEICHIT 5 o Fm
DFHAICERT 5 Z & 2 52T LT-. 2 DO AIHINK 2 BAREIC XBId 25 A &/
71 X ALMFEEOERE G & 7R 55ERTH D (65 times cited) .

- ® O
. N»\,s r :: £
I A NS AR,
L3~y & g \
S"\ s 4 Isotropic  Anisotropic
N\/ T Stress Stress

v

THEBEERDY S RF—LIZL DN FERGE BEAEKETO o 5T OB H]
D= D I iERHEL T, [l T NV V8 A O T2 RERIRAE & O R K ARG 6] |
EVIOEBZ HEREL, MEBREZED T, 77, 20B2x FoF A2 RTL42H
AN, T EREL TROIERIREHEDO— D> THIY —T 7 ZIR D, 2 DOZOFH
B 2 ROT VRNV THFE LT —# D 32 25 Ak L, BEARRIEDREE S MEDFEBIIZ DU
T2 (ACIE 2012) . VU > —Th DT ILRINBHOE S D3 FMHFR £ 72 1B
HETHDOIMNUREL T, REL ANy IHEENRZR Y, HisB2EE), 7 g,

BRE S & W o THEIC KR E B OB R D vz, R RO 2T, 7% VHE
DIFEWZ T TR T 100 nm BL_EICHDIES. 2o iE#ROA A2 R~ Ri 2 5.

400 450 500 550 600 650 700nm

32 (m,n=4orb)

ZOTTa—FO—f&xME IR0, AVTF AT 2 LIS 1 B E R A TR
EHEDT. n R EKELTHIE T, BXMEICEN V=T =T v F 7' 2O,
Z DHEHIR Z 2o 3 B2 B 5 R SO T VX UEH TG L 7= Bk &1k 33
EEMLIZEZA, WUREELZ GODTOAPRKE S EM LR EERT S Z
EERRH LU (CS2015) . WEICE W LR DBRIRD T TlE, TV V8T
HEDROEMEZRD D LI KV FICER R DEEE & 5. DD, Ried
BlEEZ AT D005 2 DOMMPERIERDOBRITIREST 5 2 & T, B Lok
HBEENFER LD EEZOND, ZOHRIL, &S5 Foibmtesos+1L
NV DOFEFHT S EDNWTEFHEETE D L) sl CTHIBRTR .

-16 -



Restraiit‘«w'é'a‘ T
- 200 Mm

3.4 BEFLFHIRET: KIRESTE £ 7AE(CF 5 SCC-DFTB ;EMB% (44 B KT Irle
T N—"7)
(DAFFE FE Hta N2 K OVl R
In our theoretical research, we focused on two tasks: a) we have driven the further
development of the self-consistent-charge density-functional tight-binding (DFTB)
method for complex systems in both ground and excited states with focus on massively
parallel algorithms, and b) we applied standard DFTB, time-dependent DFTB
(TD-DFTB), our new ADFTB, TD-DFT, and ab initio quantum chemical methods in the
calculation of excited states structures, reactions, and dynamics of n—conjugated
compounds of interest to the Yamaguchi group. The individual research results will be
discussed in the respective sections below.

33

a) DFTB Method Development for Complex Systems in Ground and Excited
States.
a.1l) DFTB Parameter Development
We completed the semi-automatic parameterization of the DFTB electronic
parameters. For this purpose, we chose a parallel particle swarm optimization (PSO)
strategy for the optimization of the
confinement potential that allows the Current work Previous work

— DFT DFTB DFT DFTB

tuning of the electronic parameters = o] CchH

within the minimum basis set, = 1 [~ |- R e )
two-center approximation of DFTB. %’3]2 é/ ENEEEE RS >\53
Fig. 1 displays a performance = ] I
comparison between old and new 201 f Il I NS
parameters for the reproduction of the r X WK T LWT X WK T LW
PBE DFT bandstructure of bulk Si

diamond, silicon, and iron. It can be 107 | 1
seen in this graph that the new OZ{._; S S x‘»{/:
parameterization scheme is capable to A R
produce DFTB parameters that deliver 104 S B I
much improved, near quantitative X WK T LWl X WK T LW
celcutaions. 2t least for skectonic | T/ T TSP,
states up to +5 eV above the Fermi ] '\¥¥ F )= —
level (midpoint of the HOMO-LUMO 0 / __\;\ ;
gap). A paper on this PSO strategy Ul 711
has now been accepted, and another O N P Tr NT H N P T N

one is currently under review.

Fig. 1 — DFT-DFTB bandstructure comparison.
Furthermore, we analyzed the effect of g P
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the self-interaction error in the DFTB method and published a paper on this error
which becomes severe in the case of charge-transfer excited states.

a.2) Development of a massively parallel DFTB code for the K supercomputer

With the completion of an automatized scheme for the parameterization of the
DFTB method for ground and excited states, we proceeded to implement a novel,
massively parallel program for the K-supercomputer and other, similar networked
supercomputer systems: pQMMD (parallel QuantuM chemical Molecular Dynamics).
As a core member of the Computational Materials Science Initiative

Development of pQMMD software

3 oFT
Si

for
stochastic
complex structure
generation

trajectory structure
quenching 4 SEEEE. & @ generation

Fig. 2. Schematic representation of the newly developed pQMMD software by the Irle group.

(http://www.cms-initiative.jp/en), our group has embarked on the path towards
creating a multi-purpose molecular dynamics program based on the DFTB flavor of
approximate density functional theory (DFT), incorporating elements of stochastic
structure generation, on-the-fly parameterization, and replica-exchange molecular
dynamics for both ground and excited states (see Fig. 2). Besides the actual
implementation of this revolutionary software, as milestones towards achieving this
goal, we have published three papers, dealing with repulsive potential
parameterization, as well as stochastic structure generation on the basis of DFTB using
Kick and the newly developed, more flexible Kick® software.
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a.3) Development of linear scaling

FMO-DFT ‘ 10th Anniversary
. . Journal of Chemical Theory and Computation
Aside from the further extension l( I (

and improvement of our own pQMMD
(parallel QuantuM chemical Molecular
Dynamics) code, we implemented
DFTB and a novel, linear-scaling
variant of DFTB into the widely popular,
freely available GAMESS-US code,
which is maintained by the group of
Mark Gordon at the Ames Lab, located
at lowa State University. The latter
method combines the “Fragment
Molecular Orbital” (FMO) methodology,
as implemented by Professor Kazuo
Kitaura and Dr. Dmitri Fedorov in the
GAMESS-US code, with all available
flavors of DFTB, and this so-called new < ACsPublications

“FMO-DFTB” method was shown to  Fig. 3. Cover image highlighting the new
scale nearly linearly in computer time  FMO-DFTB method developed by the Irle group.
with system size. The method was

published recently in the prestigious ACS journal “Journal of Chemical Theory and
Computation”, and was selected for the cover page of the November issue (see Fig. 3).
It also received widespread attention by 31 public scientific news outlets, based on the
press release “Ultrafast complex molecular simulations by 'cutting up molecules”. The
method allows the geometry optimization of systems containing more than 1 million
atoms (1) using a fully quantum chemical potential, and is aimed at the quantum
chemical molecular dynamics (QM/MD) simulations of complex molecular systems in
ground and excited states, such as protein-fluorescent label complexes, binding of
artificial peptides and/or small, transformative molecules to target proteins, or
amorphous mixtures of chromophores linked by flexible linkers as synthesized by the
Yamaguchi group.

a.4) Development of fast ASCF for excited states

As second method development, we succeeded to create a faster excited states
version of DFTB, based on the ASCF methodology by Troy van Voorhis at MIT, and
therefore we call this method ADFTB. This method was demonstrated to be roughly
10 times faster than the conventional time-dependent DFTB (TD-DFTB) method
developed previously by Thomas Niehaus for the DFTB treatment of large molecules
in electronically excited states, and its implementation into GAMESS-US and the
FMO-DFTB code is trivial and currently underway. ADFTB has already shown
excellent performance particularly for larger, 2-dimensional m-conjugated systems
such as DNA base pairs and r-ladder compounds developed in the Yamaguchi group.
Using ADFTB for chromophore fragments, we will be able in the future to simulate
exciton dynamics in nanometer-scale crystallites of fluorescent organic molecules
fully quantum chemically, which marks the first time of an atomistic modeling scheme
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for this very difficult topic. A paper summarizing the excellent performance and
accuracy of ADFTB is now in preparation. Both new FMO-DFTB and ADFTB
methods are compatible with, and can take advantage of our previously developed
DFTB parameters, as mentioned in our previous H25 CREST report. Furthermore,
since the methods are conceptually very straightforward, it will be easy to implement
them into the massively parallel pPQMMD code aimed to utilize efficiently the
K-supercomputer in Kobe.

a.5) Development of accurate DFTB parameters for water

The third DFTB-related development concerns the treatment of water with this
quantum chemical method. We have studied in great detail the molecular simulation
of water and hydration effects in different environments, which we envision will
become important in polar solvents including water. We published a Feature Article,
together with other groups working on improving the DFTB method, in the ACS
“Journal of Physical Chemistry B”, which was also featured on the journal cover.

b) Application of approximate and standard excited states quantum chemical
methods to hard and soft xO0materials.
b.1) Simulations of UV/Vis spectra and analysis of photophysical properties

We published a large number of joint experimental-theoretical studies with the
Yamaguchi and Itami groups. Most importantly, we revealed that a combination of
TD-DFTB molecular dynamics simulations and TD-CAM-B3LYP excited states
calculations is capable to predict UV/Vis spectra with striking accuracy, far better than
conventional static calculations. Using this methodology, for instance we found that (i)
the unusual fluorescence Dblueshift with increasing molecular size of
[n]cycloparaphenylenes (CPPs) is caused by emission from a combination of bright
S,/S;3 as well as dark S;. The former two states form a Jahn-Teller E®e system giving
rise to a double-peak feature in case of large n, whereas symmetry-breaking occurs in
the more flexible, small-n CPPs, allowing radiationless decay of the bright states to Si,
and radiative emission from S; to the ground state. (ii) We have succeeded to perform
true quantum nuclear dynamics simulations to explain the coupling between lowest
excited singlet states in CPP molecules, using static and dynamic approaches for
obtaining the vibronic wavefunctions and the couplings between adiabatic S; and S,/S;
states. These were the largest applications of vibronic wavefunction based methods to
date, and spectacular simply because of the size of the molecules involved. The
decrease in the S; — S,/S3 gaps with increasing size of the CPP macrocycle gives rise
to the much-debated fluorescence blueshift in these compounds, and increased
quantum yields due to mixing of these three states. This study was also published in
the prestigious ACS journal “Journal of Chemical Theory and Computation” (JCTC),
and has already received widespread attention at international conferences in both
experimental and theoretical communities. (iii) We have theoretically investigated the
substituent effect on twisted internal charge transfer (TICT) excited states of
N-borylated carbazoles and (diphenylamino)boranes. SAC-CI calculations
demonstrated that TD-B3LYP calculations are able to represent the S; excited state
potential energy surfaces in these compounds well. Extensive TD-DFT studies of the
torsional energy barriers in the excited states revealed that bulky substituents on boron
reduce the Stokes shift by decreasing the torsional angle between the N-containing and
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the B-containing m—subsystems. Steric and electronic effects can have opposite effects
on the Stokes shift. (iv) We have investigated the influence of solvent on UV/Vis
spectra using dielectric continuum models.

b.2) Theoretical Studies of Nanomaterials Formation Mechanisms.

We studied the formation mechanism, molecular and electronic structures of
n—conjugated systems, such as covalent organic frameworks, novel carbon
nanooysters, carbon nanotubes and graphenes, as well as novel heterofullerenes.
Several of these studies were conducted with experimental groups, and two of them
were published as Nature Communications.
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