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(i) o4, SOMEEM EAT 2R 2 = x L X =GR E LRI T 2 72D ORFZER
RE T T T, T, fkiE Botryococcus braunii 1, W B EFEEE & LA
WCEDEFBEWHIFIENOERAZED TS, L, ZOMIAEFTEREDES P, E
FAEIZIZE > T, 23U LT, 2010 FHHIC HEE S h-fs GOD-42 #aX
Botryococcus braunii @ 3 (5D R.E THEEBET D & W) BilA o770, Ein iz 2o
WFZE Dk e CHEE 4 PE%N=R )Y Botryococcus braunii % _b[E] 2 AJREMEDN 8 5, AAFZE T,
GOD-42 FOFHEE & L CORFE ORI Ok T2 . MIRICHTLELS 5 Z & 70 <
BT 2 Z LA EEIC LT, £2C, B—MIENICBT 507 OEH 2 IEY D IEEk
WZHUD 92 & R D IEMIE R FEE ZFIH LT, GOD-42 HD~ NTFE— X NEIH+
DA A= T ElToT,

[ZBR] EBRICIT, YRS TR LT~ /L F T — X VLI T4 JEamses 2 7,
ARIEE T, 2b—L 2 b« TUFA =27 A« 7= HifL(Coherent Anti-Stokes
Raman Scattering; CARS), % & aii %4 (Second Harmonic Generation; SHG), % —
= A %8 4 (Third Harmonic Generation; THG), — Y 1fihiEd @ Y (Two-Photon Excitation
Fluorescence; TPEF) % [RIRFIZBIHI T2 Z L 23 TEX %, CARS OFAEDT=DITNER "D
DHPRE LTiE, BFHCEEED 72D A RORIEIZE L TV D IR, 1064 nm (2 HL0
Raebob—F—aR 7 e LT, RO EH (1100 nm ~1700 nm) Z F> &
V=P —(R——a 7 4 =a—2b0) %A b—2o 2L LTHWEz, BIEY 7
L, AlfE E B DRI A AT A RT T AL D N—T T ATEeH, LT — K& LTz,
INZEME Loy 27—ty FL, U7V ZAFy VICHDFHFRTDARY |
NG LT,

[#5 5 - B22] AL BLE LN AT FLO—F%K 11277, TFRME(800
nm~1000 nm)(Z (% CARS ¥ 703kt S 7=, al#IIZ B8V CTik 532 nm OFFITIC
SHG > 7Ly, 72 680 nm Iz 7 o — RARIRE Lz, Z7aa 7 4 b0
TPEF > 7 A8 Sz, KNIZE W TOR) TR LIzt o BICES LAk ofiv
E— 7%, AM—=272N0UELICLD2bDTHS, Fo, (1) TR LUEERSITEENIC
KERBEEZ 52 THHER, ZHETHG &~ 70 ZRkETEE A h—27 208 L
(K)NEELTCNDLEOTHD, ZORFEHNDZ T, JIEKEFKIC/Z2V THG OfF



WEPET 52 SR, DLEDRASRT MVENT LT, K3y ROIBREEF R O s
LA A=V %K 2120757, (0)D SHG A A — 0B I L F: o g 7= i 2 £
ST DIRER, ©D THG A A=V BITAHEA, (DD TPEF A A — U6 I F(E
ThHr7uu 7 RSN TND, ()& MiF CARS A7 R b FHERL L= A A
— I Th D, (T C=C-H iz, O CH A MpfEICHK T 5 RTHY, IBE
DREERLTND, ZTOA4 A= b, HFEBR@ICBW TR LD AN O/MaIZ
IIRENEZONTVWDZ EIURBREIND, 20Xz, AR KRERT A
LTH, BRax RO EREEALTA A=Y OBIHIRED Uiz, AL TR, X
3@ DHAEIT BT A UAEN OIS SHG OE SRS Z SICiER L, =
® SHG ¥ 7 VO EIFK 2B 522N L0 10 Ll ER&E <, BAEFENE D
EFRBENT, ZOEBENERRICHTWA Z LR, SHG A2 5145 517~ CARS
AR MUVPIRERH VRV EDOHL D LI TR > TnDH e, ZTLTETAUVWEE L
THIE L=y D A7 kv ko ligX 3(e)< Pl (212X, 2o SHG OFATR
IT 7 ThDH I EERIE LT,
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[1]1H.Segawa, M.Okuno, V.couderc, H.Kano and H.Hamaguchi, Opt. Express, 20, 9551-9557 (2012)
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Label-free imaging of rat retina using multimodal and multiphoton
spectroscopic microscopy
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(7] BUEDOIRER T, 16 - W2 R Edeim O EIAMEDL TR Y | R
B0 T PR I 44 - (optical coherent tomography; OCT) 72 E8 A< Kk LT d, ZH 5 IXIRM
fitk Z- invivo, insitu THRIEFHE Td 5 23, KN DR & OLFHIFE RIS W ]E
FETHY, 2 ZInFRERITEZENRY, ZAICKHLT, ae—Lr b TUF R b=
7 A« 7= L (coherent anti-Stokes Raman scattering; CARS) & 1Z U & T 5 IEMRIE 7 ~ i
FRIL, A E RESCEREE ST DD OF T ORETH TOFEREIET 52 &2
TEH10, IBFEEPEE S TS, Bxld, 2O X5 RIFRE TR EH D Z & T,
BEAFOFIETITRZ NS D& AT 28 LW - 2T REORELZBIEL T0d, K
PR CIEERIRZW ~DIGH A B L. Z ORI L LT, EEOIFHRE N FER OB 7]
REZRIERE~ LT E— X VBMEEZ T T v MEBED 1A A=V v T a2 To T2,

[E6r] FEBREEE X UMIERE TR LIz~ AT E— X VSN TS 2 AV 2[1,2], IR
W 1064 nm O L —W—3: L IKEHIR DR B 5 A RO A——a T 4 =2 — L KD 25T,
IO ZFRFICEBHI A U, = 2 TRAE LI EEOIERIZ 814 . coherent anti-Stokes
Raman scattering(CARS), &5 & #Hii %% 2k (second harmonics generation: SHG), FrJ& ¥ & 2E (sum
frequency generation: SFG), %5 — /& FHI¥ %% 2E (third harmonics generation: THG), — ¥k FnJE %4
(third-order sum frequency generation: TSFG) % [RIFFIZ 4 JEHIE Lz, & BIZEEMS b DIE 5
ZHWTILTFE—HI « A A=T T H{To7, ABHIIE T » b L0 HgH L 72 IRER D HGRE
G (2& 20pum) ZHWe, HIET 2 ERNCHFR L O 4%/ ST BV LT T e FIZE D EE
AT o7z,

[ - B8] ERIMEIC CARS %, %4 — AIRIKIZ SHG., SFG., THG. TSFG O 5% %
NENRHET A2 ENTE, 2, FNHICEAALFE—RAA—=—VOEBIZHREI L



oo MLIZZINDEDARY MILBIOA A—T & T, CHy fEEE) (X 1(c)S7 = =17
7 = UFH: (Phe; (9) DA A—=VIEE T EOHAITHYE U, M EIZF 7 H T
I TND Z LR gnDd, —J7, CHARKEIRENI R ITIEE 2 ik L T\ 5, Z OfRE)
E— RO/ RIREITMIEEZE Tl 2D Z LR Ax OFATIA THo->TEY, CARS A A
—VAIFENERLTCND EEZLND, S LICHKBERAG) DTV VERIZE DA A—(e)
<2 DNA, RNA OB & ICH k% POy DIRENE— NIZ L B4 A —VF)Tid, BDREL FDN
G Z b T 5 2 e TE T, K1 TRETRE Z &1, SHG DA A — (b) THLMALLfT
B W THEB O S AFRFRARZER DM TR TELLWNWS 2 ThH D, TbDOREEIT
PR N OFEGHEBICHIG L TWD EHIED L ZAE X TND, ¥EETIHZOFEMIIONT
WwmET 2,
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[1] M. Okuno, H. Kano, P. Leproux, V. Couderc, J. P. R. Day, M. Bonn and H. Hamaguchi, Angew. Chem. Int. Edit., 49, 6773-6777 (2010)
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Quantum chemical analysis of the molecular interactions in
secondary structures of proteins with Molecular Tailoring Approach
('GSIS, Hiroshima City Univ., 2IPR, Osaka Univ., ’JST-CREST)
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[F] 2 "7 B3, 2R enof e REICHE L7 ZUOtiE 2 B L T b, anl v
ARBL— PR ED ZRIEEITED L ) R =R TEE AT D EEREARAT 0y 7 THY |
Z DIERUTIIKRFERES 72 EOHAAFANTRLS B> TWb, ZD X ) RIEAFENZE=IC
ARG D Z LT RV EO=RTTEETE RO BF 2 RO 2 DI T, # /"7 BD
5D FEFNVEEMICEERT 20 FIHEORBICORLD, T THTE27 774 MIaHEIL
T &V &H-27h 9 Molecular Tailoring Approach & HW\ T, fAEN 2 “KiEETH Do~ v 7 A
EVATRY — by BCOHATRY — Ml < FHAEARA 2 FR A~ 7,

[GtEAE] &I RY 79 =0 D NKEE T B FLET, CRKME N-AFLETH Y
v LT F R(ACE-Ala,-NME)Z* HHWWTERK L7z, o~V v 7 2L L TIE7T 7= 3 &K
~8 Bk % AT, ATy — ML TIE 7T 9= 1 Bik~5 BiKD & A ~—Z iz (¥
Do 2NHITZFNZFN _IRIEERICEE TH HKEME L. o~ v 7 AREF )LLFF K
TIXLELS 6, pr— FMUET AT F RTIX 2l S 6 @K T 5, £5HHEICIE, &
B YL B % BEDFTYO — > T & 2% O-helix

o _ ACE-(ALA), -NME: n = 3—8
B97D/6-31G(d)i% % £-F L. Gaussian09 },3;{ ‘(
% FIVNTH2HE L 7. BOTD Zcte LR (W' 4: Fdi-=
BUX 81 OHIIEZ WL LS T H pare”el B-sheet
D, EESTFNTEZER 77710 (ACE-(ALA),-NME),: n = 1-5

—VZNO LS RIBREEME S F p _ astyh AR R
S N I "k “3«: 51(
BB TED, FFITa~) v 7 2 LF A€y

. . i antiparellel B-sheet
TTBV_ }‘\ }iilz’f‘fﬁf‘/”— }‘*%Jﬂaz%f%/) (ACE (ALA) NME)Z n=1-5
,,.«1&’,,,4&

K5I i & B E L O Rod k& _ A 234 '&f
_ = A:.i‘k“ A‘/,i‘.\’J.‘\:A{I, :&
Tot(a~l v R ip=—4T", p=— ARy ,
FATBL — b 1y =113°, p=-119°, KF 1 UM DE 7L



By — bt =135, ¢=—-139"), KIZH v 7 BOEHNB L B0 % DKFRHEA T FLF—
% E e b9 5 72912, Molecular Tailoring Approach (MTA) [1, 2]D ik & H\i=, X512, JEFH
D o=~V oy 7 AREEDOZE AR R T2DIZ, HEHL TV D KFHEEEMWKT D 2 DX
F FifEf CONH LI DE 3 &2 RE L, Wiz A FLETEF vy v 7 LEETABHEL, 2
ho 2HDET LT MTA Z iV TRER &=L — 255 L, & /)4; (AMBER{f99SB)
WX DME & g LT,

[ER - ZE] HHOHKE, o~V v 7 ZLEBT— FDOKERA = VX —3KER A HHE
(O..H ) imWEE b > L, ol v 7 ZICEAL TS HIZATF FERDO R LI
LAKEBET AN =BT L ERHLNE R ST, ZHUIKE/ET R NLX —DOFHH
XSO RGENDH DL Z EERBLTND, EBIT, o~V v 7 ZAFChHDGEE & EH
D o-~Y 7 AEE R I BRWICEE & CTRER/EGZ XX —ITRRY | HITE oI
JAPHD a-~VU v 7 ZHEEZ B RO T2 5E OEICEY (K2), 202 Lnb, BED LT
E, KEFEFHEETZRAF—IT -~ v 7 AEEORBEDP M TE TWRWIZ ERH BN o
776
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1. Deshmukh, M. M.; Gadre, S. R.; Bartolotti, L.J., J. Phys. Chem. A 2006, 110 (45), 12519-12523

2. Deshmukh, M. M; Gadre, S.R., J. Phys. Chem. A 2009, 113 (27),7927-7932
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Influence of the secondary structure of proteins
on its rotational diffusion coefficients

(Kyoto Univ:) Tomoyuki Yoshitake; Masahide Terazima

[FE] — & v X B OSREIZ T OREEIC L > TIRED L EZ BN TEY . XU 0B
REWCBIT 2R LA D 72 0ITiT, ki, =RMEIER K ONURIE e &7 /X 7 B O @ik E
EXDENENDZENEETHSL, ZNHHX NI EOEmKEEICET MR EEL -0 L
FEULEHWSLRTWA LD E LT, M @AMECD) AT FARBIT b5, BIETIE, < D¥
VRIED CD AT " OT — 2 0 DRI RS Z R T 5 Z LN TEDH LIS T
Wh, LN LY UV BERINCET 2K FOEBENEEZ 2 TR, %5 Licmigis & 36K sy
T EOMEERGKMT 29I ENLEEND, 29 LIoBLA T, WHEIEBREITERE N, & v
PRI O ZIRIEEDNEND EWEITHIRED BT 5 Z LaVRESh, mREEE e —T7 5
HEL L THELNLD L OIC>TWA[L2], ZAUTEKEENEND Z LI2L 0 7 I 7 ik
TR SN TWIAKEREE DK T L ORITIER IV, # 2 X0 8 - KGO BEENENT 5
2O ThHDEMNESNTND, Fio, WHETHERE ORI 2 RIEIC L - T, MELE(bE A F 3
JANBZDZEHRERFFETHY, FxDZ U RITERIGH ZDOFECL > TRRONLTE
722l 2O X S ITWHETEHURE OPERI P FEAERHNTL H & RITIED TORE E050 1M
FHEAVER 2 KM 5 Th A ) RIESIEBIRERIIH 2 2 D724 9 E v o b <, 1 Dlalfisdk
WUPREL A Foals L 7= Stokes-Einstein-Debye @ BIRAUZ & 5 & | [FHEAIEBUERE Ty TR IS S R L |
PRI B DN HESLEARERIZ LR TH R B O REEIC L VIR TH D & PRI D,
Ll ZIE TH ™7 EOWETLEAREIC BT 2 7 — 2 I3ZEAFET 52— 7, BHEILERE O
REFNIIEF I D20, EOFIKE LT, BREILBAREBIRIE DO FIENIEF IR OENTEY |
R EOREE E ORBBRERTHSICRRON TV NI ERETF oD, AFRTIIY VI ED
TS & PERIEHR B O BIR A TR T, ZOBREH LI T H 2 LT RIERIEBURE O RE
NHE NI EREICET DL DIFRPELND L IICRDHEEZTND,

[F2Br] ARFFECTIE, BOER MM EZ AW TH 2R 7 B ORI BRI E 21T - 72, 20
B MEMREIEIC K 5 RIS IE RGN E ORI & LT, — ki
IR T 0 — T oy DI (s LR H R ERRED
KE S ZFON T OREREE O 2 2 KR A 77— /1(~50 ns)idh»
20BN RESFEFIOBRINEE LN E WD BRHIT LD,
A ZOMBESEZRRET 510, Tu—701E L CEHM
(~370 ns) VT =7 KEEIR(X 1) &2 Wiz, ZonTFidds =
SUNTZATNVEEZ b STEBY, N7 EEDRAIZED T
XY TN ERETH D, EN & L TN YAG L—F—(532nm)  [¥ 1. /LT =7 LR




V., B EIX 677nm TORIEZ1T - 72,
ZZTliEktg & o7 E L LT Conalbumin (%7
&1 75kDa) & Tz, & N7 O IR
& RHRIEHIRE DO BIR A R D728, pH 24 2
T, DK B A2 2 5 T 0, [BEFEFE
BITo77,

[ IR &5 52] 2 12 pH Z2E 2 CTHIE L
Conalbumin ® CD A-X7 kL% 79, CD #JE X
0. Z T EO PSRN pH IC ko Tk
LTWD T ENGND, FATHIRICK D E, 2D
pH DR FIZfE 5 S RO 1T, KIRIRKE
@ Conalbumin 23 € /L7 > 7 1 B 2 — LIRRE~ZE
b3 2% Z izt d 53] X2 @ pH &EFHN T,
WO BT MRS EELZ X0 Conalbumin o [RI#EEEFD
WE 24T o7z, (X 3), RITHEREE 513 2 ilsr
DB TT 4 v T 4 7 BT, BERFER
DEFEE A RO, FWVEENSHHNL TV BERK
ELTE, ZonI B LT e —T 51
DFEA LTV D& iz Bl L b Al ferE
DD, BN S /X7 B ORI & 2%
LTWbHEEZHLND,

X 412, pH Z 2L S THIE L= & /37 Bl
AR DI ER & . 222nm (238517 % CD #E %
Zay FLcbD&RT, pH2MET L, CD iR
FEDR AT HITHE - T, [EHEEE O I E B3 Y
MUTHNDZ LB D, pHB T 05 3ITETF
L72FFD CD A7 R IVBEEE DOJ/D 8135 25%
Th V., EEEEORERITA 2.3 51272-T
W5, I HETLEER R Tt E O BIR & T
SEATAFZE[L] Tl R HMEIE D 100%80 12 %t LT
W HESEBAREI IR 0.71 51272 5 L HiE ST

0 s
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[1] Inoue K et al. J.Phys.Chem.B (2005) 109, 22623-22328.
[2] M.Terazima, Phys.Chem.Chem.Phys., 13, 16928-16940 (2011).
[3]Rabbani G et al. Cell Biochem Biophys (2011) 61:551-560
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Dimerization and DNA binding dynamics of
light dependent transcription factor Aureochromel

(*Kyoto Univ, 20Osaka Univ) oYuki Akiyama?, Yusuke Nakasone!, Osamu Hisatomi?,

Yoichi nakatani?, Masahide Terazima!

[#] Aureochormel (LA Aureo) I3iikie Vaucheria frigida HROIEHIEHERER - TH Y |
HZRwEH 9 LOV RAA & DNAIZHEET S DZIP KA A »vb7ed, LOV RAA T 7 5
EUROFEGEH FMN 26 LT, HFENEIZE > TFMN & LOV KA A O Cys254
DHEREEZER L, 5L BtAT 5, bZIP F A A > Ofi#Ec 51X TGACGT TH Y |, iR
$FCTDNA L DOFEGNBHEKRT 52 ERRINTWA[1, /Ny 77 —HTlE Aureo 135 7Y
AT 4 REEAIZ K o THEIREE - BPREZ Wb T “R&ETHEL TR Y . BAaMORISH, L
PRI % O WEIEZEEY 140 ms DRFER TR Z 5 Z & 2HFx D7 v —7 13RI L TW (2],
L72>L DNA & O#fEE 7B LIRS - BB CfER 24 MR C& Tk b3, DNA L
MAEERZEDTZA T I 7 AIHLENZ I TRV, i, Aureo (XETTHIZINZ 5 & HRIK
RECHEMRIEEMNRD Z ERHE S, TOBELEMOMEEBEST L EAERNTHHEERE L
THIET HAalfethEdmme & /-8l S HICHEERITOLMEIZ LY &k L, DNA ~EEFMIC
WATDHZ DA ARy u~ b T 74—k TOUREN, O - BALSUS RGN &
BIAONTE E PRI TWD, £ 2 TAIFIETIE Aureo DfF SR £ 17 & 20T 5 7291
WEEPTHE T (TG %) 2T Aureo HEIRDEZ A F 7 A8 LU DNA & O EER &
AT I ADKREEIT> T,

[5£5k] TG MIE TiX 4656 nm O/ VUL 2 &FHEE L LT, 840 nm Ot a7 m—7t e L
THWz, ¥R (q ) 22 %% 2 & TR DM TONFIRBA B L, IR EZ b
DHEAF I 7 A%WE LT, Aureo OEFAKIZIT ANV T 4 REGIC XV REIC _EEREEKT S
7o, HEEROKISEHRHDLZ ENEELY, EOTOARFERTIE, HEKRIEEEZROE L7290
IZ 2 20 Cys 7% (C162, C182) % Ser IT{&EH#LL 7 Aureo # 7z, F7- DNA % 70 B %t
T, BN 2 B Te b O (FFR) & B E Vb0 GEFFR) #HEL, 3 204 7L ((1)Aureo,
(2)Aureo + 7% DNA, (3)Aureo + FEF5# DNA) C TG JIEA1T 72,

[fEREE2] 1. Aureo DG E A I 7 A
Aureo (20uM) Ofk% 7ok IR EICZEHE T 5 TGIEF %X 1127, BWEEIE B D% ITH T
WARAE L 72\ 3.3 ms OFFEE & FF o /0 BB S v, NI IREOS IR R S vz, BORERIIZIE
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Application of information sciences to biomolecular sciences: An attempt to visualize
characteristics of a protein on the basis of physical properties of amino acids
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Application of information sciences to biomolecular sciences:
Exploration of analysis methods for an antibody sequence database
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Structural and functional properties of membrane proteins reconstituted in
partially fluorinated DMPC bilayer: 1. Stabilization of bacteriorhodopsin
by introduction of perfluoroalkyl chains in the hydrophobic tails of DMPC

(Div. Mol. Sci., Gunma Univ.l, Fac. Adv. Life Sci., Hokkaido Univ2, AIST3)
OMami Hashimoto!, Yuka Murail, Kohei Morita!, Hiroshi Takahashi!, Hideki Amiil,
Takashi Kikukawa2, Toshiyuki Takagi?, Toshiyuki Kanamori3, Masashi Sonoyamal
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Structural and functional properties of membrane proteins reconstituted in
partially fluorinated DMPC bilayer: 2. Distribution of bacteriorhodopsin in
binary membrane composed of DMPC and its partially fluorinated analogs
(Div. Mol. Sci., Gunma Univ.1, Fac. Adv. Life Sci., Hokkaido Univ.2, AIST3) (OMiki Horikoshi?,
Masaru Yoshino!, Kenji Kanayamal, Kohei Morital, Hiroshi Takahashi?!, Hideki Amii?,
Takashi Kikukawa?, Toshiyuki Takagi3, Toshiyuki Kanamori3, Masashi Sonoyama!
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LTWp L2 bNE, SHIC R OB FRAREEHDLD 2 |
bR/F4-DMPC/DMPC ® w[# CD A7 MMAAIEZIT o T=fE R, 5°C §_40

TIHEDHKE —7 LADM/NE— 2 02672 5 ZBARICRFR 7234 400 500 600 700
— &R LIEOIH L, 30°C TIHEKICHMINAR 70— RAED Wavelength / nm

. Figure 2. Visible CD spectra of
E—2 S 7z (Figure 2) . bBR/DMPC & bR/FA-DMPC @ CD  poconstituted in (A) F4-DMPC/DMPC,
AR MVOREEITE L B D (Figure2) Z & 23> Tk  (B) F4ADMPC and (C) DMPC
v . F4-DMPC/DMPC E&EF @ bR 28X bR/DMPC 12 L < —
HLTWBZEND, BREIGEEN L RINTZL DT, bR 2 DMPC RAA VIIHFEEL TS EE
265, WIZ, LR HHSEEL TV D EE X HiDH FS-DMPC/DMPC — %/ RiIEEE~DR % &
R L, AR A X7 b B IO CD 27 MAVIlEZIT > 70, £ Dk,
bR/F8-DMPC/DMPC ® WX 4i K% & iZ bRIDMPC D %1 & 1ZIER U 560 nm (ZEHI S iz, Fi=7]
i CD A7 MLVOIREZE(bIL, F4-DMPC/DMPC {EEIEOEEA L [FERIZ, DMPC O 7 Vi fREs
B E ) ZBIROHERA~DOiREE 2R L=, UL EOFEE2 S, FS-DMPC/DMPC {E&TFEIZE W TH bR
X DMPC ([ZETe B A A NAESERNCFRERL S AL D 2 & DR STz, @RI X 2% BEE H AR o fif bt
fiti ok & 2 bR OBl ZE 25w 0 TE TH D,

(&5 3Cik]
[1] H. Takahashi et al., Chem. Phys. Lett., 559 (2013) 107-111.
[2] M. Yoshino et al., J. Phys. Chem. B, 117 (2013) 5422-5429.
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A prototyping environment for electronic structure calculation by
scripting language

(Kyushu Univ., ISIT’, CREST-JST®)
O Hiroaki Honda®¢, Jun Maki®, Takeshi Noro

[IZUsIT]

BUEREHERICRIH ST A 4 o5 FiLEDEHRE 71 79 4 Tld, SCF o EFHBEHEIC
25 FTOMA RYWHEIAEPFHATETH L. L2LAPSERTHANITIOET S 7ur 43
FY, WEEZEOFHMZE FF2 A Y FRRHAINTORWEEDRZ . Z07207ar I8 —A
HFIZORGR SN TV B KT — 7 07— & iR E L, ZHECZ 0502 IR ISR
LENHEL L, BEATHIR 7 4y 7475 & o 2R T — 7 IOV TH R 2 ME LA Y
DTAFTEEETHIERIEETHL DLV, 2L BRRBICBWT, EEa— FEORK
BEMFEL 72 Python 70275 I V7V SiEIC X 59 [1,2] BDEEICAHINTEBY, TGk
0275 ADEEDEEZMESTLAALEATIIVESD, BURTRETHBEEICBVLTEED
SDCIFIHENM iR 70 7 J AFEEIN TV ARV,

INFEFTERAZAIY) T IEFEDO—D2THS Ruby 2 FIH L, BRETICBWTIIEER 70
T ANRFETURETH Y, BHEHRICOWTIEEFERE > ¥ —CTH AR5 FiuEk e 7 5
LAEBFLTEZ[2] THUSH LABIZETIX, MU Ruby SitzfIH L CI ¥ TEEMRTEER
BRFAT7O T T LB THIEEHAME L. FNIN =T UATHIERTVITY AL E L
T, AR BETITHT HEKX[3] 20T O 5D RIZEM L 72 Configuration State
Function (CSF) X— 2 D% E 415 EHRIHE KN &, Shavitt 12 X % Distinct Row Table (DRT)
rHAGbELHEE VS,

[Ruby SFEZRWc 7055 L]

Ruby (3472 =7 MEAIZRX—Z L LW ITOIH T 77 I v 75iEThY, WEF
AT OBRIFER, BB ZWIRINIEER T 5 LED R <, MARABDESN 2 T AR LXFH) 7
7 A FEDOFHFTRE R L THN ORI EEL L % 2 @O S FOHBEIN TS, D720, il
DA77 NEkE A Fortran X C Sii& Voo v, SEBEE KL TRl IcER T
077 53— FREPBITE0, LVESHIRHRT LI EVTHRTDH 5.

—%, BRSO RA 2 ) T PEREICLAERTIIEFEOI N, FFEICLE TR ST LFEE
EHE L T4 DJRRIC X ) FEATHEDEL 5 FVBHON TS, 20720707 T AMEBOBE
2, s I EEHskE 2RI PREEE LTTING, 12 FH T S ST
DWW TIIEMERIEARY S 4 75 [4] OFIH, 2. THFHEICOWTIE GSL 94 75 [4] %0
Ruby 25 OFIH, 3. 55 FH5 RO EE, NIV =T AATHIEHRIC L2 % Wigner R OFHA,
Davidson-Liu ®x}fifb 71 75 L1122\ Tld, C/Fortran (2X % Ruby 5 b FIHWHEER T 4 7
VR D THR%EFT - 72,

(7055 LER]
ETMHETORIEENT 22 L2 ME R, 7077 ARFERBMOBAHOMM L L Tw
5. 1.0 THSEHE, 2 RHF M5, 3. f0AH, 4. A NVF—FKAMEK, 5.CIFIHHEOFHEEY 2—



VONETETEATL, CIEEEEE ANV F—, BRPWEIPFUFWTRETH S, KlHEEI 22—V
TIEETHF IV AEYVICTEITLTBY, ZRFNROEV2—NVE 77 A VEZFHLTCTF—% D%
FELAT S, F72, HADOFY 22— VEIZEHESTRETH 5.

[(ER7ILTU XL ERESHE]

DFED RS EREICY LT, ANEIZ X B0 PRSI B — il bR 3o <@L [5]
Wz, BURTIREFEO L AN F—FHHICUE L REMPEDAOTR— s TH DD, 4
BROMOMM TP ETH L. CEHICLIFERTH L.

RHF, UHF %57 74 V% FIH¥ 2 8% 0 RHF, UHF #9231 7. Ruby SiEIC L 2EETH 2.

BOZR 2B TS TIE 2 O00RFOMAEEZHMEET 4 OORFEO=ZMAITH 2RO BT %0
B A, Zhld Alchemyll 70277 A [6] ICEESIN-T VI ALz HfHLTTu s 5
LEER L. CERBlICLAFEKETHS.

INZIVRZ TP ATHER, NIV =7 Ao AV F—EKRUZTOWTIE, 4 KRIZE S tensor-
recoupling |2 X A2 EAAL[7T] Z w7z, 2L CSF R—ADHETHY, NIV b=7 U
WA VLB HEBETBE TN 56 bEMHETHETH 5. CSF A HIZIE Shavitt 12X 5
DRT O HiE 81 x w7z, NIV b=7 AMPHIEEFEIZIE, EidolE2FIH L, DRT ©
AT 7T AP ERRIIIRE LD, TP EZROFIET H2NV—T D~y TR b LAHGEIC
HHT 52 TCOHERETHORIEEKT S, Kamuy 707 7 LIZFEEINTWDL HE9] &
Mz, AV F—EKX %KD 57200 Wigner #7E %k & Ruby Sl L 2% TH 5.

WAL FALIZIE RKRITTATINS O W T T2 5 B O 2 Kb 5 Z & D REZ Davidson-Liu @
TUT) XA [10] ZFEE L. Ruby Sk C SiiOM T OFEEZFHWTETSH 5.

[CSF D5ER]

NIV T ATHIER DB D CSF AX—ZDERD 72, SCF #iED Frozen, Internal,
Active, External, Discarded ®f5% 7% 5 N2, Internal, Active, External (ZDWTIiZ& 7 Vv —7
BT 2EFHEMERETREE Lz, ZACXDBIRD 71 7 F A12T first-order CI 7% 5 NI
second-order CI IZx}It L 723 #IRAWHETH 5.

Tur T AORBEOESR S L DT A MR, EATREREICOWTIIYM HERET 5.

[F15%]
AWFFED—#Kix JST-CREST OHWFFEIRE [ X € V) Hili & By iRB LBaIc & 5 2 r—7 7 v
WETA4 770 OS] OXBEEZITEY 7.

[Z& 3R]

[1] “HOLTON,” [On line]. Available: (https:/github.com/theochem/horton).

[2] “PyQuante: Python Quantum Chemistry,” [On line]. Available: (http://pyquante.sourceforge.net/).
3] ANH th, ¥ FheER R & 2014, 4P110.

[4] “GSL - GNU Science Library,” [On line]. Available: (http:/www.gnu.org/software/gsl/).
[5] M.Honda, J.Chem.Phys., Vol.94, pp.3790-3804, 1991.

[6] A.D.McLean et al., MOTECC-90, IBM, pp.593-638.

[7] F.Sasaki et al., MOTECC-90, IBM, pp.181-234.

[8] I.Shavitt, Int.J. Quant.Chem., Vol.S12, pp.5-32, 1978.

[9] F.Sasaki et al., Theor. Chim. Acta, Vol.72, pp.123-138, 1987.

[10] B.Liu, LBNL Paper LBL-8158, UC-32, CONF-780878 (1974).
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A study on the convergence of the large-scale DFT calculations by FMO method
(Kitakyusyu Univ.l, Graduate School of Environmental Engineering?) OAi Takashi!2, Nogami Atushi!

[E]

5 N7 R DNA 72 E O ARZR Ky 1 OB IREFH RITER G HEE Y vV — 2 23
T D720, WERITERBTIERNFLTH T2, 777 A2 My TiEFMO) k72 £ K
PGy -2 /N S 7R TS B 23 REIED AR ST o iE, & —REER b FIERIC e Y
AR BFOWFFE~EH HEA TV D, FMO JEIXSE —REFHERAH Y 7 b Th 5 GAMESS (2
HElAIAE N, HF i5, DFT {58 X OV MP2 (E0FSIEHE S FIH ATEEIC 22> T\ 5, DFT ik
L0 DR ERIE Z @REEIZRO D Z LN A[EETH Y Gaussian CTlIMiE i b O HER) T
EERHWLNTWA 2, GAMESS Tl DFT @ SCF 5HEOIKRMENRL D . 0 kKx<
725 EPURINEE L 72 5, ABFFETIEFEF% 200~2000 #8 = TO KBRS+ 2 HV T
GAMESS-FMO (23317 % DFT stHEOURMEZ R~ Tz, — MBI 5025 100 L EiZ72 5 &7
7 A MUREH TR TH A ~—5t B2 TIOR8 25 OBREEIC /2 525, DIIS, SOSCF 7z &
SCF {EDY) 0 B 2 510 HF 3HE 0D DFT #HHEA~OBAT S 70 & 3RS S8 % % LI
FRIZ T2, DFTIEOFER E HF, MP2 % il 5, 70, i b it H ORI
DWNTHHET D,

[GHHEFIE]

GAMESS 137 A A UM RFR AT D Y — 270 75 Axfdf L, FMO 387 —Z (BRI
% Facio # 7=, 23¥7 — %1% Facio Bidfi 1 k@ FMO tutorials THE LTV 5 Hh
B R 745 200~2200 O 4 FEEE Oy 7% AR Lz, FMO FHEIT 1 5% EIRD), 2 FREE0HE
(R2)TITV, ElI7e LOLGE L U=, 43EIE Facio ® BBV EIRRER F 57—, % 1125
BAIZHWZ A FoE 274, FMO/RL LT X TD4+ T DFT & HF O AITV, /NS
72531 (alp, lad) 2OV Tid MP2 212 C, R2 & CTOLb#k & | #idRmbit & bl iz,
R 6-31G(d) & L7=, #H5H#IL. Xeon E5-2687W (3.10GHz) Dt 16 =7 ¢ CPU T,
AE V1L 128GB TH 5,

# 1. FMO #HEICHW 01

2715 it&EYE FEFH|EFH| HERBE| Rl | R2
lalp Ce6H100017N23S2 208 824 1828 11 6
1adx C179H252069N45S7 552 2314 5032 36 17

1aph C258H387080N65S6 +48H20 940 3624 7853 98 76
1fkb C578H9150172N147S4+129H20 | 2203 | 8138 17812 238 | 186




[GHAERER]

DFT #HEZWHR ST 27O L H T 2 — %1% ETHRSHDIS BAta51F).
SWDIIS(HF 7> 5 DFT ~DO#475:4), SWOFF(DIIS 75 SOSCF ~DH) v #: 2 &) Th 5,
INDIEIBEMBOEELELE /) ~—HETHLIORLAWEARH 7=, 725, ETHRSH i3~
= TVEHEOHESEE 2.0 THEE L. SCF [BEI¥d ERRfEIX 500 £ TR L7z, F&micaT
DT DH A ~—ftH TP S5 2 LTk L7z Bl % % 2 (27~ 9, FMO/HF §H5A ik
SRSz, SWDIIS & SWOFF [ZBEEME CHUR L7z, 7T 7 A hMyElZe Lo
AR CIIMR CE TR 2 OB ENMLE L e o7z,

# 2. GAMESS-FMO #-5 o ug s 4t

SWDIIS SWOFF MAXIT

FMO/DFT lalp/R1 5.00E-03| »%5.00E-03 150
/R2 5.00E-05 5.00E-07 300

ladx/R1 5.00E-04 5.00E-08 350

/R2 5.00E-03 1.00E-07 350

1aph/R1 5.00E-03 5.00E-08 400

1fkb/R1 1.00E-07 5.00E-07 500

noFMO/DFT lalp| 5.00E-04 1.00E-06 150
ladx| 5.00E-04 1.00E-06 450

noFMO/HF lalp| 5.00E-04 1.00E-06 150
ladx| 5.00E-04 5.00E-08 400

¥SWOFF Zi%JE L7eWIGHE Z DN T 7 4V MEIZ72 5

FTHEM RO L O E T, DFTHEIZHF S EICHERNTH A ~—FtEOAHN KX <,
IR L7256 T SCF BIEMNIEFITRKE VY, FMO JEOFERRIL, 77 7 A2 My1h/h
SW 1 FRERIO T8 25 BRI 0T L0 2 f5aiEmE TH o7z, —F, FHARREEIL 2 Rk
DEIDOFRENIT TH LN, B AX—% 387 LOGHERR & ik 5 & K& 72 7401%
Tpino T, fEEREACHRE L., HEIOBK LIZRRETH D0, T OMEEl & & HITIUR
REE72 XA~ =D L, ZOEICHENTA—Z LB SEDL T EDRNE LR oT2,
7 3. DFT KO HF 355 R O g

HF DFT
noFMO FMO/R1 FMO/R2 noFMO FMO/R1 FMO/R2
1alp [FMO/SCF[EI%L 17 18 18 109 25 25
dimerfx KSCF - 20 21 - 18 264
£IRJLE¥— | -5877.0059| -5876.9530| -5876.9757| -5906.0837| —-5905.9671| -5905.9811
CPUEH E H¥f 10212 2257 3698 14667 4003 9816
1adx |FMO/SCFEI%k 174 30 21 393 38 29
dimerix KSCF - 19 21 - 195 332
2IRJLFE¥— |-17321.0344[-17321.5316[-17321.5695|-17404.2718|-17403.8802|-17403.8262
CPUET & F5 R 284994 11400 22269 677429 22154 52484
1aph [FMO/SCF[EI%k - 23 - - 31 -
dimerfx XSCF - 20 - - 225 -
2IR/ILE— - -26324.2703 - - -26524.8992 -
CPUEt E H¥f - 17560 - - 34022 —
1fkb [FMO/SCF[EI%k - 26 - - 34 -
dimerfx KXSCF - 32 - - 253 -
2IR)LF— - -54693.6393 - - -54981.3014 -
CPUET & B RS - 83214 - - 163705 -
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Theoretical study on photo-absorption and photo-luminescence of
unsubstituted BODIPY by DFT and TD-DFT calculations
(Osaka Univ.)) (OMizuki Asaoka, Koji miyagi, Taku Takebayashi,

Yasutaka Kitagawa, Masayoshi Nakano

[# =] Boron-dipyrromethene (BODIPY) I& Fig.1 X, Xi %o
(R LT 2 AT DEAARO - TH D 1968
FEOGME LR FICmWELETINR LRI 2 %

N N
ETTHH SN TE 1], 25 1E pH oMtz L 5 \?j
TEOENMEZ RS EERNR EDORE T THLEIE Xs  F % X
AP 5 L0 FilE 5o 2 Lk BHETI X AR

. “ . N N . Fig.1 BODIPY d
H L — RO T T — T 7 IR R & ye

FIHERTWA[2], EREEND 2 E T4 72 BODIPY @B ANAK I C& 7z
2. FD—JF CHEEHIK BODIPY (Fig.1 X=H) 1% 2008-2009 EIZ7> ) THID THRK S
AU3-5]. TWIEREIC K D2 WD E OZAERFEF IS, FAKPTEZ 2 90% % 4
DN E TR A 7T 2 LW AN 5 73],

BODIPY % BEEAE & L, @EAE FICENDALEORIUE E A2 AT 2558805
FRRFHTIE, MEEHE O MR B ORI N LEATH D, LI LR b,
BIRREELGG 72 D N B L FRIREICE SO FEMAF L - vk THacidfrbh
TWARYY, # 2 TABFFETIZ, DFT WONC TD-DFT #HEIC L v . & BODIPY O
WL« FEICHEE 2 BRI RE 72 & NS R EIREE O 4y T, BEROIMB - E— A b, &
L CHEEh e R LT 5 2 & 2l AT,

[FH5] £ToHE T, JLEEE LT B3LYP 4. HEMEE LT 6-31+G* &1l ]
L7z, ETREREOMERE(LEZTTV, EFIRER D RICHR-E— A MM ED
EAWVE 2 BT IRIT LT, & D% TD-B3LYP #H5LIC & V) AR AE 2 sR o | TERS A Hix
FE—A L FRLICRIN A VAR LT, 612, H—hERIEIZ I T



W b a FEIT L, £ IEFPCMIEIZ LY, o radY o by Zrask
VA, THR(T b T8 Ra 7 J ), =X ) —)v0D 5 FIEOMMED B2 D A2 ZE L
7o 7077 AL Gaussian09 & Hu 7z,

[#52R & BE2] 5 OB I 1T 2 HER B O

HEML L0 ROEEAHBETENTEBE [0 ouosiumo
e Tz, vandhro ok ) —L[ET T chloroform
0.009AD 3 & 72 o 7=, BHBET CORBIMIECE 57 | oo
\WC, TD-B3LYP #tHEZETLILE A, TLip im
BUILE— 2 11 HOMO—~LUMO OER, %20 2
I &2 13 HOMO-1—LUMO OEBI- ZZhli = = Aw\,

BEND 2 ENbhoTz, Fig2 IR LEE 9IC, Dm;@mﬁﬁﬂ$mgm
BONTEWI AR FUiE, B — 70, HRE L Fig.2 #HE S M7= AL kL
*%ﬁ’iéwﬁéﬁ#ﬁ:mé<£%ﬁ%%ﬁ
BLL7z, fildy, BEJEREEN N — bl IRBE DB R PHR-E — A > M (ug, up )&, B
22BN T u, =4.50D | uE=4%E)& FFELWI EBRHLNI ST, ThE
BRI FE—A 2 M7 v EOBEBKEMEEICER L THND 7205 %@@%ﬁm%
MWV TUW 5 —F, HOMO, LUMO & §R%ZD n#lE THh Y (Fig.3), BEBEE— A ME
FEH A ZRWTEY . ZUODRHEWIERT 5720 Th 5 (Fig4), WERM= /L ¥
quj@%%ﬂ@?%b—%‘/bﬁlﬁﬁﬁ”éﬁ\ U~ U, THDHZ b, FEER
RE & hECIRRE DIALERNIC K A L ELITITIFE L EHEHI S D, FER L LT 2 IRRER
®iXW#~%i%k%mﬁf\:mﬁ%WX&7FWﬁ%ﬁ@W' (ZHAF L7 B
HMThHHEBEZDLND, £, FHEIRAEIZ I 2 Sl (LAfE 2 L ECIRRE O & ik
‘?é&\FAﬁﬁM%%%ﬁ%<meT5ﬁ§ﬁWDONFJ“GéZ\%@%ﬂﬁgii&
J—NHTO00188 THoTo, ZORMEND 2REORHEENIZIFEHE LWV LIRS,
%of\ﬁ%%%ﬁ@WZEﬂ\%wmtg%ﬂﬁ%mﬁ_&ﬁﬁ%éﬂto

nd

Fig.3 HZZH{|Z 53y FHliE Fig 4 AT — A > b(FH)
(E:HOMO\EHLUMO) LEBET— AL MR)DH &

[1] Treibs, A.; Kreuzer, F-H. et al., Justus. Liebigs. Ann. Chem. 1968, 718, 208; [2] Loudet, A. et al.,
Chem. Rev. 2007, 107, 4891; [3] Arroyo, L. J. et al., J. Org. Chem. 2009, 74, 5719; [4] Tram, K. et al.,
Dyes Pigm. 2009, 82, 392; [5] Schmitt, A. et al., J. Fluoresc. 2009, 19, 755.
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The CMD estimation of transport properties of liquid helium above 2.2 K
(Department and Division of Chemistry, Nara Women’s University)

OKenichi Kinugawa and Haruna Imaoka

[HE] EFIBRIETHDMEEAKRFELPWENY 7 L4 1F, o FOEENNS RRT
b 571, de Broglie DBV R A = \2780% /m 13551 FHEERED A — & —IZHH Y

L. ZOWEEEZ MRS 2 LN TERY, 20X ) R8Nk &2 H OV 17 O KR
I RIT, AT By /) & LT Cao-Voth OfREEFESE b A RogTE1%

(CMD) #HEIZL > TEBTX %, CMD T, &0 7@ Feynman HERFEIEE
DOFEJEFE (o bAoA R) 23, Feynman-Hlbbs ?ﬁ)dJ‘J‘T VU X IVORARIZ XKD T

(2 BRE) X 7= i o B Eh 5 RIS HE - CTREFMIZ » TEhW T <, FERE 1T
m@%ﬂ7m%®QM%Ll%am@(%%ﬁf@ 2fi] 7 — U TGy DT — AN
7 hv) % CMD 2 HEHE LI, BURICHE S 7o R BGELIEBR oG RIXE iz
I =& L2l £72—F, R OESE & L ComEtRi (770 KitkfR
B RERPELREL, BMEEER) 12OV TH, IR/ ST KFEDOJRWREEIRIZ 72 - T
FE LS HRTHIZ E2WmE LBl 22Tk, 2R PEE I CMD #
. BLOFENORERITENE N OEIERE DI Arrhenius B OWR LA % 7~
L. R CIEEIRAICHfF SN L0 HIRVEH L= R L X —CikEI 75 Z &b
Mo T2, D 72 D47 - 7o i R [R > MD Cl3ZEh1X Arrhenius B TH -7z, =
D L) BT IRIERFA OIE Arrhenius BY7RMEIREN IR O b o 2V RIZH KT
5., Tbb, Zix CMD Ot Cid Feynman-Hibbs AT v v /L3 ¢ &
DOYERRT ¥ ¥ MR TRIEIE E A L= LS TWD 2 EICiRKT 5,

CMD K7V =7 bV =0 AR E 7 | TEE) & ORI BIEL C b 2 WP & o LREHHE
RIS 3R T 5 &, TIUTHIBISEEER O AMRD T 7 =71 VAR S D KTl

R(t)—— j <A( IT)A(t)>d (A9 ©0)A (1))

W25 Z <E75>mé%LTb\ [4],
RN -0 _ERE 3 M OB REN TV AL G AR - EE) = O FERR RS SR 0O R FETAR
BHBAEE D AT SV D WITFENMETH DIZ b b 5T, IR/ T KkFEDOFHERE
LR E DD LV O T BLRE,

— 7. MRSV T AL, RIAKE LW OIIRE R BRI TH DA, 2.17T K LU
T CHEBIENREICERS T 5, EITENIREE TRICEE LWt M O R X B 5 3R
KT 2L THD, BMEWEIIANY U LREFORENEIZIZ T Bose #taltEIZH R



9%, CMD (Z1% Bose fiat 3ol E STV R WY, # @ Boltzmann Fat Pl o #e
NT., BIENCERE T 5 £ TO 2.2 K UL EDOFERENREED~Y 7 A 4 OfgikpgtE
N EDOREE T CMD THELTE 50 & AR THAT,

[F1E] ~VU 7o 4R EERCIE Aziz @ 1992 EORT v V%5 %2 H
Wz, FRF D OBIYERESR) CMD 7L 2 Y X A6l & v, EEIBE RS EFR LT
TH 266 & LTz, BRI OFMNICEENL D OERT 5720, B hrA Rz
Nosé-Hoover $HOEIR 28t L 720 o 7o, REEIX, 1.7, 2.1, 2.5, 3.0, 3.4, 40K & &
o7 (217 K LA T8 ERE) , B I3fafAKERBE L Lz, CMD ® 7
=7 NV —IKIEEOVHNRAET 2.5 ns MFHE L, & 20 DEE R K (BMRER,
T 0 REMECREL, RREREMELRED) & FRENEGR. ST v Y NV OIER AR, R
oy Ety A RER @EEIER) Li2b ORI (1 =4 HHBEE
BR(EA) OFELEAT) LV, Green-AfRAZ

K = const.x J:O R(t)dt

W2 &Ko TRl L 7=,
[REG - Z52] X 1ICAIIZE CHE SRR~ 7 A 4 O 0 BRSO R FE K
{71 & EPE & PR TR 40
T, FFIC, B2E DK
RAKFEDOMHE (CMD LW .
FHME) b7 oy bLT,
RERE AR SRS L OVBMR
WROFER, 72 D NNTEL
1T, HHORRITED,
[F5im] WP omEmkts
b 2.2 K U EOFEGE)
RRETIE, FERME E K< —

CMD [3]
BRI 7)<

20—

CMD [A#f7t]
TR R 8] S

ns [106Pa - g]

H L7, %t~ T Bose #tal

%% %72\ CMD 75 T [K]

THE B~ 7 L4 1. RIAKFREREANY DL A4DOT Y HERBOEEKRES
O gl 25 WM X L (BRAIT—% : &iAKkER: EREIT—2  &iA~NUD
TE DLV D, B La. WIFNLBENRRETEE) .

IR TSR OB BN EN TR SN DD, ZORBITE B AARGHER T
RN olz, ZOMEEMZREmIEE ATV,
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Fig. 1. Coreshell structure consisting of seven CxHs PE
oligomers. As shown in this figure, the core chain and the
surrounding chains are hereinafter termed “acceptor 17, “donor 17,
“donor 27, ..., “donor 6”, respectively. A donor acceptor pair will
be called dimer.



Table 1. Computed values of transfer integral, free energy difference, reorganization energy of monomer, activation energy for charge
transfer, hopping rate and 2 dimensional mobilities. Hopping rate is calculated at 300 K. Note that free energy difference is zero for
charge transfer between identical molecules.

Transfer Reorganizati

Activation Hopping Mobility
Geometry Ir[lrileeg\ﬁl on [eer{/g]rgy energy [eV] rate [/s] [em?/(V -s)]
Molecule Hopping direction Hit ) AG” kit U
1-1,1-42 1.4 5.0 X10°
CioHaz 1.1 0.29 i 6x108
1-2,1-3,1-5,1-62 3.6 3.3x106
1-1,1-4-2 0.82 2.36x107
Cz20Ha2 0.66 0.16 4x10%6
1-2,1-3,1-5,1-62 2.6 2.4x108
TP 110°% 1.32
Naphthalene 0.19» 0.047b
TP 110° 0.4-1¢
TP 99b 1.84
Anth: 0.14b, 0.144 0.036P
Tacene Tsb 99" 0.53-2.07¢

2 The notation m-n corresponds to the hopping from donor m to acceptor n. See figure 1 for details. ®W. Q. Deng and W. A. Goddard
111 (Computed Value) [5]. See Ref. 5 for details. ©N. Karl et al. (Experimental) V. Podzorov et al. (Experimental) ¢E. A. Silinsh
et al. (Experimental) Experimental values are adapted from Ref. 5.

Table 2. _Computed values of free energy difference and a 3 3 3 3 3 3 3 3 3 3,
reorganization energy of alkanes at all-trans form and those 223233 ¥ 99
containing gauche conformation. ~ feeeeeeeeee N TR
Free energy Reorganization energy 2 J‘ JO ‘Q\ 2
difference [eV] [eV] 2 @9 29 o
Geometry (2) , 2 g % 2 4 2 >
AG AGA Ap A4 ® ‘,9 a5 R 2
J » v @9
CeHi (D2 8.76 -8.76 0.73 0825 | S . WO s 2]
CeHus (2) 2 8.78 -8.78 0.707 0.847 " ‘a'
CeHus (3)2  8.93 -8.93 0.614 1.06 . g
CeHus (4) 2 8.87 -8.87 0.631 1.09 3) ‘a9, ’
CeHu(5)n 882 -8.82 0.648 1.00 Mﬁ‘
CeH14 (6) 2 8.80 -8.80 0.639 0.85 * > S 4
399N d\
CeHu () » 881 -8.81 0.663 0.869 b A b ¢ f*’f‘
b -
Canlez (1 8.03 8.03 0-308 0.348 Fig. 2. Geometry of polyethylene oligomers with and
Cooley @)P 8.14 8.14 0.288 0.332 without various gauche conformation. CpHs (3) was
CaoHaz (3) P 8.27 -8.27 0.311 0.555 generated by optimizing the PE structure with gauche-
3CgHuaq (1): all-trans, (2)-(7): with various gauche conformation. gauche—tra_ns—gauche—gauche conformation: local optimum
b See figure 3 for details. conformation.
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BB Z B0FHE LT AE R AR 2 KON, ¥ 21T,
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LI EL Ty ) S EHENPAH OFH D 1/10 FEE L/ SV & Q) FALh — R /L ¥ —
PAH O¥fEfEE L KXW &, @I bMNTOREIZ L > T PE OB#E)EIX PAH & < 5T
Hi/hNSWMEZ &5 2 ERbhote, B)FE, ERVIZHEMN NS PE O%E, o T#HOE I3 %
LLARNZ &, avRA—a rRNEBRLZ LT T, ﬁﬂ¥%%& L7220 AERE(LA B3
JLF—ZEN 100 meV BEIES S Z &L 6)5 %ﬁ@ﬁﬂ@ﬁ % BT DRI L - TH
Flii =k /L¥ —1 100meV BRENLH S Z &, (DIh L;of\Eﬂ%@E@@&mi*w
XF— 100meV DA —FTEH2 Z &, QPEICKIaE LTHNVR=NVENGFET D E, T
FHEOBEFE Sy OENKEL 2D 2 & TIEABEIENE T /REERH D Z LR bhoTo,
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G(+)=[afI -(A-B)(A+B)] =L[afI -2] L' 4)

U(+)=2G(+)(A-B)p (5)
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Fig. 1. Structure ofiydrogen-substituted (TOJ)
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2000 | (n )
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1. Introduction:

Syntheses of benzene and benzenoid-based structures are very important synthetically and
medicinally. Their catalytic preparations have advantages over thermal preparations as they take place at
milder conditions and are more regioselective. Since the trimerization of alkynes in the presence of nickel
catalyst, trimerization of alkynes in the presence of a number of transition metal catalysts have been
reported.! Transition metal catalysts of group 9 Co and Rh have been extensively used in experiments and a
number of theoretical studies on this trimerizations have been reported.? Though there have also been a
number of experimental studies on the trimerization of alkynes in the presence of Ir catalyst, theoretical
studies about this catalyst have been limited and to the best of our knowledge there are only two theoretical
studies on the trimerization of acetylenes as models for alkynes in the presence of Cplr and Tplr catalysts
(Cp = cyclopentadienyl, Tp = hydrotris(pyrazolyl)borate).® These two studies showed that there are two
possible reaction mechanisms; intramolecular [4+2] cycloaddition and Schore mechanisms. While in the
case of Cplr, intramolecular [4+2] cycloaddition is more favorable than Schore mechanism, in the case of
Tplr the two mechanisms are competitive and when there are electron-withdrawing methoxy carbonyl
substituents, only one mechanism is possible; that is Schore mechanism.

Continuing to our study on the trimerization of acetylene in the presence of transition metal catalysts,
in this work the trimerization of acetylene in the presence of [(cod)IrCl]. and dppe, where
(PH2CH2CH2PH,) and acetylene were used as models for dppe and alkynes, were studied theoretically in
detail, focusing on the possibility of intramolecular [4+2] cycloaddition and Schore mechanism shown in
Scheme and which of them is more favorable. This study can give more information about the catalytic
cycles and therefore can help in designing better catalysts.

2. Computational methods:

Density functional theory (DFT) calculations with B3LYP and MO06 functionals were performed to
verify the feasibility of the reaction mechanism suggested in Scheme. In calculations we used two basis sets
called | (LANL2DZ + f polarization function for Ir, 6-31G** for C and H, and 6-31+G** for P and CI) and
Il (LANLO8 for Ir, 6-311G(d,p) for C and H, and 6-311+G(d,p) for P and CI). The structures of
intermediates and transition states were optimized with the B3LYP/I method, whereas to obtain better
enegetics we performed single point energy calculations at the B3LYP/II and MO6/II levels. Unless
explicitly stated otherwise, the potential energies corrected with the zero-point energy (ZPE) at the
B3LYP/I level are used in discussion.

3. Results and Discussion:

We found two pathways for each of intramolecular [4+2] cycloaddition and Schore mechanisms
depending on the orientation of the PH,CH,CH2PH and ClI ligands. The optimized structures and potential
energy profiles corrected with zero-point energy (ZPE) for more favorable pathway in both mechanisms are
shown in Figure. In the initial stage of the reactions oxidative coupling of two coordinating alkyne
molecules takes place to lead to iridacyclopentadiene intermediate and then the reaction pathways are
separated into the cycloaddition and Schore mechanisms. Prior to oxidative coupling, as shown in Figure,
the stable bis alkyne Ir(l) complex la is isomerized to less stable 1b with an activation energy of 16.3
kcal/mol. Following this isomerization, oxidative coupling in 1b takes place with an activation energy of
8.3 kcal/mol to give iridacyclopentadiene 2a. The oxidative coupling of 1a to 2a requires higher activation
energy (28.9 kcal/mol). Although 2a is coordinatively unsaturated, it is more stable than coordinatively
saturated 1a and 1b due to the formation of three c-bonds at the expense of cleavage of weak two x bonds.
The shape of 2a is the square pyramid where one of the C atoms (C1) in the iridacyclopentadiene ring is
located at the axial position. For the formation of benzene molecule, interaction of 7 orbitals in the
iridacyclopentadiene ring with the third acetylene molecule is necessary. However, acetylene coordination
to the vacant site in 2a would not give a proper structure. Acetylene © complex 3b suitable for this reaction
is yielded when the third acetylene molecule approaches between the axial C1 atom and basal CI ligand to
the Ir atom. The formation of 3b through weak reactant complex 7b requires only a small activation energy
of 3.2 kcal/mol. From this © complex, there are two reaction pathways; one is intramolecular [4+2]
cycloaddition and the other is Schore mechanism. The [4+2] cycloaddition takes place via Cs symmetric



TS4 to form n*-benzene Ir(1) complex 5b1 with an activation energy of 8.2 kcal/mol. This small activation
energy can be ascribed to the high exothermicity of this step (—52.4 kcal/mol) which can be ascribed to the
formation of two ¢ bond and coordination of four atoms from benzene ring to (PH2CH>CH2PH,)IrClI
fragment. 5b1 isomerizes through TS5 and TS6 to two other benzene Ir complexes, 5a2 and 5b2 which are
more stable than 5b1 by 12.3 and 17.1 kcal/mol, respectively. In Schore mechanism the n complex 3b
isomerizes to iridabicyclo[3.2.0]heptatriene complex 6b via TSspep With an activation energy of 10.3
kcal/mol. There is a highly strain imposed on the four-membered ring in 6b. Therefore, the transformation
of 6b to puckered iridacycloheptatriene 4b1 takes place with a low activation energy of 6.1 kcal/mol. 4b1
isomerizes to the planar iridacycloheptatriene 4b2.While 4b2 is more stable than 4b1 with the B3LYP
calculations, it is less stable at the M06 level. This is because B3LYP functional does not take dispersion
interaction into account. There is another pathway from bicycle 6b in which it is rearranged to 5b1. While
this reaction directly giving benzene complex 5b1 through TS11 requires an activation energy of 12.5
kcal/mol, the highest activation barrier in the reaction through 4b1 is 13.5 kcal/mol and the corresponding
TS10 is less stable than TS11 by 11.7 kcal/mol, to show that the reaction through TS11 is more favorable.
Comparison of the two mechanisms showed that the intramolecular [4+2] cycloaddition mechanism is
more favorable, because the step from 3b in this mechanism requires a lower activation energy compared to
that in the Schore mechanism (8.2 and 10.3 kcal/mol). However, this small difference suggests that the
favorable mechanism could change with electronic and/or steric effects of substituted groups in ligands.

Scheme. proposed Scheme for trimerization of acetylene in the presence of (PH,CH,CH,PH,)IrCl as a catalyst.
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Figure. Some of the optimized structures in intramolecular [4+2] cycloaddition and Schore mechanisms
and the energy profile for the trimerization of acetylene in the presence of (PH,CH2CH2PH,)IrCl as a
catalyst. All bonds are in A Al energies are ZPE-corrected and at B3LYP/I (normal), B3LYP/II (bold) and
MO6/11 (italic) relative 1a + acetylene.
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B b E O R L, B L7z EFP2 1331 X A5 52 Ll L, EFP2 13tk



REN T LIz & 24,

AR EAEH, Sy ) P

WAE BEAERIL, ~as

NP A\,ih glz,(\ I\ n=3

/ﬁméﬁﬁgy ?k:;f?"ﬁ'ﬂ:l:l (.‘J 000 000 '

AL B < Foalk sk

DT ENRRR I NI, p=5

ﬁ%%*aﬁrﬁﬂa %*@*B \OJ 4 (- B I Qo J Qo I o9 I ’
HAERIZOWTIE, K 0,056 ._m:'usn
FrEAEATCII o

SRS A o = LN 1 8#ERT Yy ILE

RS-, Lo T,

EFP2 50 w7 £ 1 IRLE—DEBIFOME (kcal/mol)
FEAICEET Dt E

MR INT=T28, K n method ES EX POL DISP TOTAL
12, NT A U REA A > EDA -3.83 2.65 -0.86 -144  -3.49
D AR 33 L OFE %t EFP -4 2.16 -057 -159  -4.71
AR BT S A& , EDA  B10 570 218 204 752
fTofce 22T, X EFP -997 471 156 -330 -10.11
=0 RARLTRR EDA  -1268  9.22 -373  -454 -11.72
%79, £, (CICN), 4 ' ' ' ' '
1 EFP  -1566  7.70 -273 -514 -1583
K12 >\ T NBO

M EATo kiR LY, . EDA 1703 1229 =521 601  -1596
ST 0 DR A EFP  -21.01 1027 -388 -686 -21.48

He&, ~aloEen
RSN T < 2% Z LR S e~ 7 U B EER Y B CMERITIERL S
DLV FRL T LMRNEONT, £72, (CICN), $SEICHO N T RLF—7)
BT 21TV, EALFEEORER L, TER L7 EFP2 H3c k 2554 il L7
WRERITRT, EFP2 WBHIEMMIC 0y A0SRk TE 52 b
Moy inoTz,

Y HIE, X =Br,] OBAICHOWTHRERERL, ~ad Ui oMstmzhRIco
Wb kiR 5.

SZ&3#k [1] Q.A Smith, M. S. Gordon, L. Slipchenko, J. Phys. Chem. A 115, 11269
(2011). [2]P. Su, H. Li, J. Chem. Phys. 131,014102 (2009). [3] Mukherjee A et al. Acc.
Chem. Res. (2014) 47,2514.

BHEE AR OHEIZHTZ 0, 5 TR AT AR ' 2 — O A G IR A A
bE W& ELE, 2L £,
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DFT study of cobalt(I1l)-catalyzed C—H allylation
(‘Hoshi Univ., “Hokkaido Univ., *ACT-C)
OKen Sakata'™, Tatsuhiko Yoshino™”, Shigeki Matsunaga™”’

[FF] kD, BFAPED Cp*Co(IDEER (Cp* = CsMes) DM - fBEIE % R 2
LB LI, FER - TdHh 5D Rh & ORISHEDEWZ L) LTtk 4 72 C—H B e & b DB %
ZBIROoTWD [24], £O—BE L THRIE, 7V AT Va—Lz MWz C-H 7V kX
Jix % 4 L7z (Scheme 1) [3],

Scheme 1.
X ~_ [Cp*CO(CO)Iz X R2
.r'\ D R AgOTf N M
N 1 3
Sy 4 \/YoH AgOAc . | Vanw R® L h,0
N R2 R3 -y
- &

P 1Tl MBS MR Cd D I T A USSR [Cp*Co™ (0AC)]” MBI A X A b-fit 7 1

k> HHE (Concerted Metalation-Deprotonation (CMD) #4#) 12 XV C—H & 2 15MHLT DX

JCHERE IR R LTV D [4], T2 CTARBFZETIX. =T ABUGHR & L T[CpCo™(0AC)] (Cp =
CeHs) Zfilfit & L7= N-pyrimidin-2-yl indole (1) & 7 U /L7 /L2 —/ )LD )ix% %5 % (Scheme 2),
&V D C-HHEED Co BRI L IR E SN2 RICT U T /b =2 — LS OSSR IS TE
HL. DFT IRzl THET2 Z &L,

Scheme 2.
O
/ S N~*
(\ UNTOH Ao /k\j
/ N N +
QJ JCaCp -l ooy
l
QJ/ N OH
[CpCo OAc)]*

[BFE]  Co JETITiZ Wachters—Hay @ (14s9p5d)/[9s5p3d] FEJEIZ ffF”/\ﬁﬁ%JJuzf:ﬁ;r“Bé
B ZDENPDOIRFIZIE 6-311G(p, d) FEIEBEBRZZNZEH W, B EILEEE (B3LYP) |

F 0 SR AL 7R b ONTIREVIRMT 2 FE0E L 72, 15 O 7o IEIT6 LT BALYP-D3 #£IC kY —
FNF—%REL o7,

[BRBIUELE] XTRAHHEZRXNVX—HX AT V7 L% Figure 1 (2739, 1 &
[CpCo™(OAC)] B4R T Ha 7Ly 7 A Ald, AcOH EHRETHDH T VLT L a—n
ZHTHZETCERIIDICESL, WTFhoaryF Ly 2L G —HERE ('Cor'D) OF



MZEIERE CCor'D) LV bR AF -2, CHLEBEBRE (‘'TScy or *TScy) %%
B L. SN2 BIDOWHZEMERLIS 2 E B2 RV Lz, —EERE, —EHERELE bIZ
TEME L= 0L — 3D TR & < (37.3, 34.7 keal/mol), Z OFREE TIFHEAIT LW\ 2 & Ao
27,

—Ji. ATy 7 AD D Co-CHEialZT UNT IV a—o EHiEE RN L TRISH I
T 2%E2"'D — "TSpg = 'E — TSy — 'F THY, C=CHEGIMFA L%, 1 F
— V2D C T L CoJE T & ORICEAMAEANZER2IONA - LickoTar 7Ly
72 EIRIGICE S, T ORUSKIEIL, ST 5 SEEREOSUSEE (D — 'TSy_p
— 3F) RS2 HMEBRFISORE LY bR AF—REL . HHTHD 2 Lnibnoi,

22T Ly s A G D DEBIRIE "TSen 248 T 'H IZH 2 RUSKRED B-t R m B
WIET D, FHICK L, BEBIREE 'TSe L 2R CT TAT 4 v 7 MAEEMZHET a0 T Ly
7 Z AT D KGR BB R U RBBECSHST 5, ML= 3L F — 1% "TSe_n O F 2ME
V. EHIT, Bk RrFUBEELEa Y T Ly s 2 H B Co-n MDA ER T = v
FLw s ZNEH IRER LR LF M TH Y . ZO%D AcOH 12 L 5 H0 DIHEN
BRNC/2 D EEZBNDOICH L, Bt KU REMEL-®ICERT 530 7Ly 7 2 ML,
Co-nIDMEMAZY VIS <. ZOBOKIGITRS TIEARV, BLLEX 0, Co fibliA v
AT Bt R VB A S T D 2 &3 DFT 3 bR TE 72,

N N

i
NN N

Figure 1. HH TR LX—% A7 77 A (kcal/mol).

[2% 3C#ER] [1] Yoshino, T.; Ikemoto, H.; Matsunaga, S.; Kanai, M. Angew. Chem., Int. Ed. 2013,
52,2207. [2] Sun, B.; Yoshino, T.; Matsunaga, S.; Kanai, M. Adv. Synth. Catal. 2014, 356, 1491.
[3] Suzuki, Y.; Sun, B.; Sakata, K.; Yoshino, T.; Matsunaga, S.; Kanai, M. Angew. Chem., Int. Ed. in
press. [4] Ikemoto, H.; Yoshino, T.; Sakata, K.; Matsunaga, S.; Kanai, M. J. Am. Chem. Soc. 2014,
136, 5424-5431.
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Theoretical study of substituent effects on
the photoisomerization dynamics of stilbene

(Hokkaido Univ.1, JST CREST?)
ORina Yamamotol!, Yu Harabuchi2, Tetsuya Taketsugu!

[wF7ets 5]

AF R E, AR LD cis (K ve )
5 trans R~ EMAL K ORIV EOS &~ § 5 trans =
W2+ TV KT T A A~DIEH Me Me Ny Me
ZHIE L, 325 - BEm A Tk 2 2 S Me Me
RENTOS, SEEBICLY | AF Ay B =
13 cis (RJEhEL#2 . IR TAIE L. cis: trans : Rictk Cis
B bR =55:35:10 TEMALT HZ LR 1. cis Y A F IV AF LY B DA

AVTZ[1], FE - BRERITIED & E O FER 72 g 3
A HNICR> TETWB[R, TE, B LITRT YA FARF AR G FEBEORRIGHEZ 5
ERENTe, R REE N AT MVOFEERIND[3], ATF AR LD AF VAT AR D
JEER L, 2 oD R DR O (cis*: 620 nm 7T, FEEAEEINAE: 330 nm £FUD) 245 FE &
iz, FEBRIIIC cis* & Iwld S ToBfE OO FHMmIEL, cis- A F(0.92ps) LV b, cis-P A
FNAZFNR(0.2 ps) TRIFIZE LS 725 L s Shviz, FERIICTEEMSRE L IFE S
WL DOHEFFMIT, Cis-Y AT IV AF LR T19ps & 720 | cis-AF /L (0.3 ps)IZ bR T K
EICRLS D EDRENT, TNDLDORRND, AT VEMPFL Z LT, BikETOK
JGH AT I T ANKIBIZEDD Z ENTRBINTWAS[Z], — 5T, fHHEI X FNORANLH
TEE TIZY A F I ATF A OIEhE R 5 BERAFSEI3 T Tl 57, cis* & HEE M
EIRIE L VD 2 DDHIEE Y A, BHEIRIED & D X 5 2R JEAEREI O IEBN T D Doy, F
7o A F VBN FOSHREIC RZT ROV TTEm S LTI R h o7,

[GH5AFEA]

ARBFFETIL, cis-¥ A F IV AF R0 DY BVEAL KTk LR T > v v il i O T &
spin-flip (SF)-TDDFT[4)iZ5< 3 FENJ#(MD) > R = L— a V&AL, cis- AT/
~OFREFER LT D2 & TERBEDR LIS AT I 7 ZA0EVOMRAE BT,
SF-TDDFT ¥£1% So, St DART ¥ v L AZFEFEBIC b A FIEEZ2 DT, MD FHREICH I TX,
W a5 2 & CHRMFENAREL 725, LA L SF-TDDFT §HR CiE—EH, =



HIE, BREWNENFREFICE DL, FREO = X)L — 3T 2 (81T B A DIREE 24514
HZ LI L 2D, F ZTAMIZE TR, S EIERRE 2 BT 2R T L A2 U X 4 T -index
1E[5] 2 7= 138 A L, SF-TDDFT/MD 5 L=,

[ R] o 1 -
Cis-¥ A FILAF LU T, K2 T}é R e O SRR @ SR 9 frans

DHEFECRT LTI T~ ar m:{%éinéityﬁ ;
RytiEn b oAk FREAEE | =010 0 I 'R\__

TN ZENbhot-, AF
SR IR HIE twist 5 AN A

CO BRI RIS 5
g 3 8
o
o
X

L]

el

w

7

il

5 U
g, /@

= ® - .
IRENELN TS, YAFL | D olﬁt; o T 6
AF AR TIE—B L TRILTMIZ B {L(C B RT3 C-CRERE
FN-TERY ., ZOEWVIIKSE L A 2 DRAFAAFANRLD QRITETF LS YL~ T
IO S OB L B Y 0 L HE OB TS, @EIRRIER EHE,

XCHEERZ S, AR REER KRR

M =7z, MD FHRIZIHV T § FEE
e % 2 < O W LA FII D B ERIL TR~ D FER D E LT, ZORERIL, ATF AR
> O MD FHHETH L2 < Od LEIGE DS twist Il EA TS Z & R TH 5[2],

IR BE I 1 DA E R LFT A 21T o 72 & 2 A, BRABIKR O IMER & F #2215 1T
WIS PIHMETH Y, BT TIIRZECEZE LT WZ LA TFRISNDS, —J7 T,
cis & trans ORI OFENL (twist) (ZTFAET DM ME & F R = E O EITRE < B s
ZENDbNroTr, AF R T twist SEIICI 1T D I HEASEE & ML L S RS T H
STeD2). DA F N AF A TIINEIREZ EREIE N A F NN DYa & RE SRR
i/ ME & SRR ZEEIE DN EREZE M ECHEN T\ A Z BB bl oTe, TOT END,
VAT INVAT R TIE, twist (I OR/MEEIZBIZE L7250 11, SofSi-0 FI#EAZ 22T Bz LIC
KWZ ERTRRIND, FFREEDED G, Z ORhEIRIE DO MEE DEFEWA, A T /L
&7 2 NVEEDSIEREN ORI H 2 L &2 E IEDTc, MD EHRIZE VTS twist ORI~
D) d LA S DT REICEET D 0T oI TH Y %< O HELED twist
i/ AT T TR HIER) Ll 28k A b7,

MHX, AT AR LD RAFILZAF NN DOFERO )5 . Dcis* D Y FEa N < 72
LEERE. QB LIRARE D2 b, @IEEAEIEIRED /) TG & KFEm & 72 DI OV T,
B WL BSOS IS T T B A i T D,

[Z7& 3CHK]
[1] H. Petek, K. Yoshihara, Y. Fujiwara, Z. Lin, J. H. Penn, and J. H. Frederick, J. Phys. Chem., 94,
7539 (1990).
[2] Y. Harabuchi, K. Keipert, F. Zahariev, T. Taketsugu, and M. S. Gordon, J. Phys. Chem., 118, 11987
(2014).
[3] F. Berndt, et al., Chem. Phys. Lett., 544, 39 (2012).
[4] N. Minezawa, M. S. Gordon, J. Phys. Chem. A, 113, 12749 (2009).
[5] S. Maeda, Y. Harabuchi, T. Taketsugu, and K. Morokuma, J. Phys. Chem. A, 118, 12050 (2014).
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Quantum chemical study on low-lying singlet excited states of a carotenoid

3’-hydroxyechinenone

(Ochanomizu Univ., Graduate School of Humanities and Sciences!, Faculty of
Science?) OMiho OTSUKA!, Yukie MORI2, Keiko TAKANO!

[#&] Orange Carotenoid Protein (OCP) IZE BT T, KA E O LR
DEDTLEFI DY F X —Z B U THIMT 2P IcfEbh s % /X7 E T
»HbD, OCP 7 177 Ths 3-hydroxyechinenone (3-hECN) (X 1) 1%, S:
DT FILX =N 1.73 eV LK<, FHMmM <10 ps & HW 7= D% A 72 quencher & L

27 2
26 28 OH

1 3hECN (h T A {K) DILEHEELIRFDOT L NY T

TYEMT % [1]. 3-hECN i, C6-C7 #E&Icxf LT, ¥R Tl s-> A {K&, OCP
Tlxs b7 AkE L 5, £72. 3-hECN OB /LR = )LlE#E (01) L OCPDO U
N7 7 VBB L OT 1 v ViR L OKFBREG D, ER IS E KT T EE XD
nTWa 2], —RICH VA=V ERFFOaT /A Rk, o rNEREE ICT) Bk
RERRIGICB G35 2 &R HAL TV 5 A, 3-hECN O RIE R OFEMITI AR CTh
%, ARFFETIL, Wi & OCP Hicki) % 3-hECN O — EHEFHEIRAED = L ¥ —
BLOEFREIZONT, EHEFEIEZHOWTHLNCTHZ L2 HNET 5,

[Ft5H 51E] 3-hECN O 2k (Cisl) & hT > A{K (Transl) BXLW, ZhEh
IZOWT.C5 & C30ITHEB L TWD 45D Me HZ /KFEFR 1 TEH L7-E7 /1 (Cis2,
Trans2) ZalFExig e Uiz, REIRIE (11A,) & Se (1'By*) IREEDHEE Rk i,
B3LYP/6-31G*$ L O TD-DFT (CAM-B3LYP/6-31G*) L ~L 477z, OCP H1iZ
B KEEAEEEZEET DO, A F—, 7=/ —)LL Transl OEAIK

(Transl_Hbond) IZOWTH L= R/ILF—% HfEH o7, Cis2 & Trans2 {22\
T. MS-RASPT2/SA5-RASSCF(16,16)/6-31G* L~ L CatHE 21T - 7=,



(#5258 & ££2]3-hECN o "I ORI, C8-C9 (22-C23
HOMO—LUMO @ 1 - D513 K
XU Sy(1IBy)~DESE TH 5, TD-DFT 144
TROTZ So—Se WEERE = R /LF—L,
Cisl (2.55 eV) & Transl (2.56 eV) Tl
b 67 h3, Transl_Hbond (2.49 eV) ;4,C7C8 023'_024
Tl Trans1 (2T 0.07eVDOL v R 9 Transl IZoWT. Kiiilil: C7-C8 7

7 R L, ERIORILE — 7 [F~FH b C23-C24 £ TOXK G A, HtdhIisE

U (3 2) T 2.58 6V, OCP it (s 20 () FETe T IAL AR 1B

KZo2) ©T249eV EHEINTWD [1], LR ->T, OCP FIZEIT 5 0.09 eV
DLy R 7 ME, sV A s b T UV AOETIH L, FICKE/AICERT S L5
Z HiD, HOMO & LUMO @ node OAL{EDEWZ Sk LT, 1By O F-fitiE T
XA D bond length alternation (BLA) 355< 72> TW% (X 2 ffR),

1.39

HOMO—LUMO O 2 B D% 528K 0 81(21Ag7) HRAEIX TD-DFT T 5 =
CIXEEL VY, Cis2 & Trans2 B LW Trans2 (24 > K—v & 7 = ) — )V DOFERT
V¥ NEZBE LT-ET NV (Trans2_Hbond) 122\ T, MS-RASPT2 L~V COFHH
FER A 112r7, Trans2 Hbond TlX S1 D= /L F—NK T L. IREF5RFE DY
RLTWVD, S(11ByY) REEIE, KRERMMGFE— AL F&FFL, ICT RREICHET
5 LTINS, C15-Cl6 fia4al > T < & MS-RASPT2 L~LC Sy iRAEIT,
21A;" 12 1By BLEND LIRS D Z R Tz, W FIZ OV T HRETH Th 5,

# 1 Cis2, Trans2, Trans2_Hbond D XLECREE (11Ag7) BEL OS2 (11ByY) B IEICE T
LT R X —E, EE)FE f, BT — A2 bu (MS-RASPT2 L<1)

Cis2 Trans2 Trans2_Hbond
3G E (eV) f w(D) E(eV) f w(D) E(eV) f u (D)
1'Ag” So 0.00 -- 3.21 0.00 -- 5.75 0.00 -- 6.95

S 2.96 0.053 3.21 3.02 0.001 5.68 2.94 0.409 6.75
S, 3.05 2.797 5.72 3.07 2.503 10.1 3.03 2.770 12.8
1Byt S 0.00 -- 3.26 0.00 -- 5.98 0.00 -- 10.1
S 2.33 0.027 3.16 2.33 0.020 5.84 2.37 0.056 10.1
S,  2.52 2.662 5.62 2.77 2.583 13.1 2.52 2.775 14.7

[&%3Cik]  [1] Niedzwiedzki, D. M. et al. J. Phys. Chem. B 2014, 118, 6141. [2] Polivka,
T. et al. Biochim. Biophys. Acta-Bioenergetics 2013, 1827, 248.

[FFE] T~ TORRIIDFRZEEATE RR 2 v 2 =128 W TEIT L,
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