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EHREEMEE KR FEMZ

B LFICESIERBOS TIHEESER T T VI U XAILESL SFEHEE
LW o T REE RV S F OBRECHE OB R R LR T —~ Th D, BRITHFiE
FEOELRLE RIS 284 B YW T T Fa—F 2T T 5,

ROE DTG % LLFIZHBN T 5,

Pt,(n = 1-4)7 7 A % —% V>, RHF/LANL2DZ V- LV TKEBEDF H, D 1 HIERET
DIEBEFS DGR RO D Z L 2R RDT=, Pu-P 7 T AZ— T LTIL, KEEF
OfFRE - BEERT LS BRRTF v VEIREB RN o7, —F, Py 7T AL —|T
BT, KRBEFOMRBE - RELTTRT oy VEREON, KBS TFOMRE - %
BEORIGEBBEZERT IR PLULED Y 5 A Z—BURERZ ERbhotz Y,

NF P UHEBILEERBEL o TV ARV AT AT E FOBREBE CTh D, AHF%E
ETHEINTF DU BEEOREERER O G REREOMAZIT > TE 3 D, L0
CHEVETH D 8 — V7 N OBBEDREZMAT 57201203, BUCHER ORI %
HTHY, #RBROSFIEEICL Y EREOMALRLL Y, SLICEEOR
EERTHDIC, K1oFeffe LTRIMUEEEORIGREFELRAR T, KB
BESUGDIEML T RN F—RBRRVET T2 &2 RWE LK,

6-31G FJE 4 FVv /e ab initio 47 FHELEIEIZ X Y DNA EFNAVD T =k 2 LAULEEBED
RFTREBEEHE L L V=R F— NV FOHEE{To T, SHIELNEELE
BRI N B R A R L 72 BRI L 5 o R X — R0 FHEOR
RLHB L7z, DNA OGREEICE LTy 7T =0 BMhoBEE L v S EEREE L 27~
LTWaZ Enbhotz?,

1) TPt 7 9 AZ— ETOKRSFHBE |, 531 W2, FE B, KRB BRI, J Comp.
Chem. Japan, 12, 133-137 (2013)

2) "Theoretical study on the reaction mechanism of formation of 3, 5-diacetyl-1,4-
dihydrolutidine”, Hiroyuki Teramae and Yasuko Y. Maruo, Intern. J. Quantum Chem., 113,
393-396 (2013)

3) “Electronic states of mixed base pairs systems of dna and the effect of base composition and
sequences on the band structures using screw axis translational symmetry”, Peng Xie, Hiroyuki
Teramae, Kai Liu and Yuriko Aoki, Intern. J. Quantum Chem., 113, 489-496 (2013)



AFIRFERRE FRHBR LEHEE

B3R FRFOGTFHREL L ZECOLREBICREL TP ENIBEDT,
non-Born-Oppenheimer OBV % 8, HEROME) RN L CEERESEE LT
o TND,

FEMEEE . $ 4 @ non-Bom-Oppenheimer O Bk \ D H 3% comprehensive review & LT
T Lz, VY3 review 13 2 7 ORFHEE n 7 DBF OEH T R/ X —plus 1 SR T
MDGLE = RLF—H 5 HFE L, Watson D O original effective Hamiltonian % % T/$F A
— & —0 indeterminacy % B BHAJIZEUAILT effective Hamiltonian ICE A DT, & TH
FENTRABEZ BTV D, ZO review OFITE L - TH 4 D non-Born-Oppenheimer
DR establish SN HDEEZ T 5D,

BAEZ < T4 TV % non-Born-Oppenheimer 2713 numerical method & VM 3L 5 & D
THLN, BEFEORARBETEIIEE AT A—F TR M fit #1725 2 &
ZHY., CRATTERXER L, T2 -2 —OHHENBERLRHTHS, THIZ
*F U TH & DHFIEIL Schrodinger FRRRDMBFTHMIZL D LD THY, /89 A —F —%
BROSFERICESHN T THEABIRPAB TH D Z L ITM2 T, FHER R
J Mt TEDZZ EBNbhoTnND,

AMEHTITEREE /R TuFIR [EER A7 F G BIERELN TR fit 750 T, REIE
BEANRY MVEFRERIRY BREERTHLIED 2 BREBAR SN L 5, SEE, &
FUBHBLIIR # AV YT Bruker IFS-125HR (2 X ¥ BCS, AID, DCI O & 43 fREEIREH B % 2
7 PNV EBRRBIEASY MERBRIE Lz, A7 MALE IETHE Voigt BRI fit TIE
L7z, DCLIZ I F. Ogilvie #1%# & OE£FHETH 5,

PCS DEBITIX R E THRED 22V v=2-1 25 5-4 band ZH 7 ICBEI L7z, DCI T
T ETREN RV v=4-3, 54 band S D 113 KOF /R A7 MAEZERILT, =
5 & E T CS, AlH, HCL, GaF {Z-2V T Global Multi-Isotopologue Analysis %17 - CIE
ERGFEBERE L, TNOHLOWMIEERL VD EZATHD,

1) Hiromichi Uehara, Recent Res. Devel. Chem. Phys. Vol. 6, 79-110 (2012).



RIGEBIAFHRE  HEBE EALH

FBRTIHEFEELRVY, BB T COAREILEETHINFERBENTLE I, Fix
. BREFEERL. R 2EESTEERL TS,

TERK LT 2 DRIBS T b DR %, BESMRIET — U = BRI D285 AT,
SFOIRBEER R ALY PAERE L. BONERA RS M AEEIT L, ERAIREE
- EEEER - BEEGERAEAERERD S LI, RO EHL Y, FRRSs 75
WEREL TS, SFEEITGaH & GaD DALY MAEHIE LYy FRENGHE RS
L7,

E7o, AR BREBEFEAVCHRIE T TEE L TH< BHEEMBOBERE21TY TE
Thd,



DFREHHENRE ik BA #

33\ van der Waals 71Z K O 3 F D3RS L EAEK, 0F7 T A4 —, BERSFH
WERTH D ORERMRE - BEE IR -REBIZHY . BHEOMES LD, 20
s T AL =D ORIFEIIE LV B OB R T > e i3 B FTREMER B 5, ABF
FETIE, BEOSFHEA L7z van der Waals $EED B HMBEERA D HEITH Z 21
LV, TORERLHFRERT Uy VEREL TS, EHIZ, van der Waals $&{£D
BER EOBRTFEHE LT, EBRER & B L C van der Waals #8658 OHEIC
DNWTHEL TWD, E7=U LOWADIEH L LT, SolREMEL L TR LT bh
TETWHEREEFEEES (VOC) 22T, FRARR EEFIM LR E
DRBEIT> TV D, EToLERFET —<E2LUTILRT,

(1)

(2)

(3)

CO: DIEXFRARRALEETH D C8OBO % E&Tr van der Waals 88K, Xe—
C1OBO DNV AV x v b~ E A F— F L —PF =527 B RRREFR S
AT DT, AT MVEBTETHZLICX Y, FHR L OEEERIC
£ % C1801B0 O AR O BB RE L ERAT HETNVERI L1,
van der Waals $8fk #H A — 7 a0 # o OBEDBFILEHEL T -7,
WEEEAT VoA~ /T X OHBELHE L, v Z7uTFAhrDyh
Vo TEENRHH AL OHEBRICTLY ED X 5 REEBLZIT MOV TH
~e,

RIBEME ThLBREEERILADOBE L P OBRBELZEHE LT, /h
RTINS HBIZ L AORBEEL LTy DA T —A T 5 — NEE A HL
BET, M UORMRELRHET D HFEEZR -, 72, FEEICENT
BREE L ERRADHIEOMA DY, BIUBEGRREL RS EOHED
B TEME MV BELRIET 2 FELRM L,



MERREHERRE R BN E

H—F s A FA A= T ~BETHZ L2 HIE LT8O EART F
v hORBLL T ONFREOTE 2 BB ARE L LT 2, BIE AFEHEONE
TR & AV AR - SAVRIT A7 RV ORIE, Mt b TR A E % E
EROICEIEART b EBFINROPENRFTRETH D,

SEERER LR LT ICHEAT 5,

BEFFy FCHBERREFTENOEMIT I LA A BRI DETREENE L A2
Do WAZ L LRDBRNAZ AP ENBER LBETHIHE, B TCORMETE LD
ETFERENNEILS RDEEENRD D, BEEIZHVT CdSe BEF Fv FOBFINFEDFIE
BEREFEEFAN, MEEOMBERTRLLELCEFNERLZBL-OICEER, &
RN R CHEUZRRBRAEL RS LIZL > THFEE Y BIEXSEREC RS I2oh
T, BFRENNEIL ERBIRO LN (1.0>0.7), FO—F, FHRAOKRL
LT, BEFRKBPERRICR DI ONTHABA Clied REREBERLIZ, T 0K
RIL.EF Ny FOZRAF—EMITETFE L T B A AL L 3OLBBROEF S MH<
TEL TV D WRREME AR LT 5,

RNAFA AT T~ DRBZJBFICHEE  »OBF Fy M2 BERITE A 6H 25T
T DO, KEEDTANALS B 7 ACIT)ETF Fy hARRILE, BF Ny %
1 GFA AP THBE UTHERTOBOBR R OB NETFINRI0%EBLD LS.
Elo A JHEEILRENARELZBIRTED L5, S8 LS THRRLE,

BEEITiE, B\ES R ACICL) A 025 m mol BL U L-Z A& F 4
(L-GSH) 0.625 mmol % 100 mL OF/KICIEM S &, T2 1M KELTF R U &7 AKE
RZAHRME T L pH 8.0 [Z8RET L T Cd*-GSH $&(/KImIR 2 B L 72 [1], AT L TF AL
(Te)yk 6.2x107, 4.6x107, 3.1x102 m mol Z/KFELAR 7 FEF MU 7 A 320 mg #M 27
A7V a—FRD 10 mLMAKFCRAE LERFHEERL O30 hEE L, KRELT
A b U D A(NaHTe KSR Z SRR U7, $E%. =07 F 2 2§ C NaHTe KIFHK &
Cd”-GSH $B(AKIEEA U v a v MERA LT, 30 HRIERBHR LT, hE 2K
—Z—THEF LN LI C 110 CIZT 25, 60, 90, 120 ARSI L 7752, WD
HELY B LAAKRFCRBIZHA LT,

R — T R T E ORTFUNEE T L7, 520 — 650 nm OFIF THEIRED 575 nm
DEWRICBOTERFINEFIERD RUAHELN, YOEMEZER L, Zhiso
RN R TGRS 10%% LED 2 & B otc, R EMCREETTEF Ry b C
BRI RECTHEY Q%UATF). REEMICELEEZTTLOLEEY A A A EL A
DITEN TR 2o (~8%).

ZEXE  [1] Qian, H, Dong, C, Weng, I, Ren, J., Small, 2006, 2 , 747.



MERERSETRE AHR ARESR

RIECHBIRG £ OKBAEY O R - #EOBEHERBEIC OV T, 0 FRHEM,
SFEMBGEEN, DTFEWERNFEZRAVTIFE L TW5, EiC, EESY, £
By, REPRY EERR COREFELEBICHE T2 2O RTRE, EEEOFN
REBEHROHEER, EMEREORSEBAERBORE - BEOERT —F L2 5
RRYEREBE O, DNA BER EE#1T-> T\ 5, REEDHFEDO—FIZ L TICESN
T B,

(1) BWARTEDEBIME~DEA & RZHEDOREH

KT EDEROEREBEFHLMITA720IC, BRE. HFER, EHKO 3 HikoW
JIRKE A2, PCRIEIZEL Y mtDNA @ CO 1A FHEEAHEE L. # 700bp @
WERFZHRE LZ, TORE. EMEOLETIHERSH L THAHRATE LM E
WIZRRIpoTe S MEROFEBE/ITII—FARERREAL TN Z L, BHROBEE
AKBCTIIETOBEEINERETHHZ L3 otz £, BB TSR &5k
HOBREPHERINTTD, B AOBKEITH 2 L T 2ROTHMOEEL T /-,
ML TRET DT — 23BN Pl I L b, FOREEEIIER D & 2Rl S s,
(2) WHEEFY 3 vOBERGHEEORENA

ay /) FPUOELELTO R a vOBHEIZEL T EREECRAL AV ALENRD
Do LLEEFEEDHEIZL Y | BHETHLBEIIRHREOH 5 HEDHRHTHL
DHBLTHR P a URER L TNDZ LIRB IR, ZOh, BFEMED OF )
RAKREO PP 3 v OEE% mtDNA O Cyt b BEFHEEZ W THE LT, TERER O
HERTDHHBBNL OB &N~ ARREO RV a U BEL TWAHLA S
D ERRICEZ DHBER/NRICIED 3 FROLESEINTR ST,

(3) AVHEBROHR L BETFRBORA

A PHFINORE ST LY /DIREY - FOREL - REFBIDIO>DF A Fioit bhd, B
EEmDNADRHTIZ L 0 IR & SN @HROBERICE L TS ) LD %17 >
Tl Z A, FNLO—EFHIIRIB LHESN, S har FYTH ) AEEY ) ATE
BRDHEATEFTZEEFICRON, BETFEELFIN TS, ZORENEHEE
OB PHCR OGN, 5% E LITHEMBICASN T TR S 5,

(4) =AF T Lo APCRIEIZELBI<xY DTy A FHRIREDB %

Tx DWFEETIZZNETIZ, 49 400 BEDO D <% U O mtDNA OFHEE % fZT
LT&Ee, ZOEBIIERICEATEY, 7 A7 2O% CIdEE = & i EE 5
BEBRLISOVOFEWERENRFE SN THBICHELLT, I~ VITERY A IR
TDF NTad AL TN 10 HEZ LNERETH T, 22T, DNA o—4 L H—
THERFIZAARDZ LR 10 EDOAT a2 A FOHRINEREIZ 2 B DTV N E
EZ, INTF T Ly I APCRIBICL BT a4 FOUPELBER L,



VERERNFHREE BE FHOHEZ

FEBEME T2 T 28V —F b L WEOMENER, F) X LR RS
KB R L OB VERE LIEHR T BEE D 50k ) B EE ORI
DHATHND, Elo, BEDHRA A—V U TEEE L. T ORREEORACEE -
PRERFAI 21T > T 5, FEEE I —MHEE B S EBREL S LI ) ERBED
BigE & I FH T BEERTH 0 T BFEEE OB & BifF L TV B RS
EF Ny FOEREZPLLE LTHIREZED TE 7, &V bi}, BREOHBORISERE
ORBEACIZE Y A, —EORRE LT, £z, F /) RFEEBE~OBRY BHO—F L

LT,

FURBEEREEZFMLELEERT Py FZRTBEOERERAL -, %

TSR T,

()

@

FEAMERT Py M ORLERE & RISREL

IAFARA=Y T ~DRBERBIZANS A7 ETHH=0 N IiREE
UV F—ALYZ)R®. 7 X KERET L (PEP), AEBAME Y S IET LT R
YBSADEZREDO L T BIINA I AKBEOEET Fy b2 Eh ik
L. ZONYHEEZRIN « XA MARECL VT, FARLZEBF Ry
MILYZ. PEP, BSA DJETHN ' — 7 B EIX 440, 530, 690 nm & BHEMl~L >
ZHhLTEBY, @BFFy FEHERTIERTEOERETR LTS, £2%
hEhFE, ffEa, RERNXETLTRY, MERAEOZEE (RGB) O¥k%
ATEEF Ny FORBICRI Lz, Z ORI 10 B L& B OB 2
TAORRBHDHN, TN Z NI BENDOVANT 4 FREE EUIET 2 BEHIC
HEITAANEVBERMT 22 CEMEATRTHD L RRT R EBT,

FUNTERNEERT Ny FOZRITE G ER

BUNTERNUGEF Py NBRZ R BEEGEHELTWAZ EERBL, #
YT BRRIEDFEREROTERT Fy M BRER L LRz Ral,
REL I R ERBAERTF Py PERE L LT, BRIHBIEIC L 0 /sl
= MRV TER CHERLEERLE, 227 BERNESETF Ny PEKTIR
AT S higinoTe s, F U RV B EDIRS R ET B 2 & CREfRLITA
LT, FERITEETF Fy MIBRTOIHEALEERITTLTHEY, EBFFy b
PRBIIRVIAENLTNBZ EBNbhot, 4V BRAGEBTF Ry R X
NIBORREELESE D Z LT, MBRLOPEL LOREY A X e T& T,
A, MRENEOEET Fy OO SRR EERT 2 BD 5 TETH D,



VEERLEEHARE Bk R

BE - ZEHCEIRMOEFEB B EM (DSSC) 1T R KEBMTHY, E
ERDPORETEM T ANEBE~DIEABHRFSNL TS, BEHRETIE, 7ITAF
I BER LI RN TR 2 10%DOF R RKGEARBE TS BELB 05, ¥
B 25EEEETIZ, T ~0.25ecm? T n~ 10%D L OEEMIE. BEAY =X LOMA, 1
FOPEREFHH AT OFESLZFHEL TV 5, IS, AR KB ERO n BREE KL AL
TIESHAWLOIRTWE 7T —L U FMEDORE BRI ERICHEELH S5, 7T7—
Lo FROEBSBEEGLEHENEL RBEI/TRY - VT —D3RTEED A EN
B LEBA DI TR — YA X\ CRIBCEIE CEAEBA AR P THA,

1. DSSC BROZIUE B AEEL L T4 —EH Tio, hEASh3, B4 1L TiO, )
JTRIFESBIET 2 BEOS—ANM BIEL, ZhAEEMN T2 (FTO) R ICSHIEIS
FUBERR A28 T n AR KITRBEINC TIO, BEDOE LE L T/, "S5 EIL,
2 BEOT RFORGHFEEZAEL. T EPRBLL TRARTLLVOEEELVLEDLIC
IR REEEEER AR 7, B, 3 BEER LD n 13K K 6.7% THB,

2. BEOAFTVBREEFERELIVRRBRRE T AN EA DR BRRR Y
TERLL FVRIE LERICERED DBV ORI 2T o7, APV R AR D205
PRFELT TIO, BE (1 JB%Y) %, BMI BEMAN-EMIE CBLZBAIL, IHE 0.226
cm’ T 5 OB EITH 5.8% Tholz, —7, Co REMIE TIX DMII ZMNZ BEIEBEIEL
REVEL2208, BMCBEIL0.78V £ T LRL, 4%% 25 n MBI, BRALE —# A0
BT, H& T /B Rl L TiO,/ AR RE COERZRI IO A EIEL TG L7,
3. DSSC DR LB E& T A+ AEBIN TRY, T2 CBLETRIS 231
PEIT 5, SHEEL, TEFAT BN —FEEERIA— VR TTURIFEE 5nm BLFO
H& T AL ALz, PZ0F R FIX FTO LIZBOD TEWEE TRAT528M
FRETH D, HH0COBMBH TER LT HF08, BLBIEFR n B2 520,

4. (XKIBSERR ATREZRER{LEESA ZnO X ZnO—TiO, D7 ¥ = /LIEEMRIL TiO, DF H72 4%
BT, MEEME nm O Zn0 F/ayFRE TOGERE BIT, TiO, DR F BTk
$D, Zn0 F/uyRea7 = VIEEEEBREICL T DSSC R{ERIL-LZA, 2Fh
0.34 %& 1.11 $D = RNAX—EHBHRNPEBLNI,

) BbFZ ) R P25, PO RO A k2 ST BRI LR S 5 A3
BARBEMORANE, BPATRET-, (CRERE, RME—R, ARLESE B EFES (B
#), 2PD-011, 201343 H.

2) AHRKBEL Y 4 —BRBICHVDAET ) BFOARK &M, HES B, FE
BE, RMME—B8, KERBT, £7ESTRENGRE GUF), 2P041, 201349 B,

3) MBEHMEBICHVLIELESRT 7y FOSRETM, =N E, RE—5,
Hong Quang Le, HA{LZERE 93 £FFS (), 2PD-016, 201343 A,



MEERLERREE BB BXHE

Foxld, oG L PEOHEBEZR LN LR TOREHEHEBEI LT B
N THRREZ R OB o i REME D F ORI A B & LIFR AT o T 5,

R D TFRE RO 2B SER 5 & L TTFRO 4 220 TR AT T
W5,

AEDOFRT —~ 1

1. BV PAE) PUERMTICRESA U OU AEEROEFTELOBRN L LT, XM
B F~DOEBBREOBAR L MMRMATOEFILLDZ N Ry v PO
BT AR ETo -, AFETELNI- YY) VR A BB T ICE T A 8511,
7 v BREFENTWRWT S 51 Firpic IZICBT 3RS ET L,

2. 2RRGTMERID, ZDTNAEEL PV D7 7 A4 R—EEOMEH LT TS
TEEBMIE LTHIREIT o7, FERIOBER X BEERITrOBR L. VR
BTOXBREFREIC L >T. SRS I NLEIOF VAL 207 7 4 —18
BEOHEMIZOWTHLMZTTHI LN TERE,

3. ARERAGEMOT-DOHAD - 1 ABROARICET EHEETo, FF—&
TIRTE IR LT, TN ENREEEY BERTHIRMETV., 72T 2 —
OBFTHE, ZhE TEEMNICAVC LR T E I ARR IR L R EERICE
NWIEDBRT 7 v 72— % RETH LN TE,

4. BEREEERVGBHEEABBERIMEL LT, FHEE2H T8 [ 1] #4(K
WMBREREHRH L. BEATOBBREDRICETIHELTo 12, BRLEEEDOX
PBEMAELH [ 1] HREAROEE L OHE) O = RV XEBRGROBEHRLD
e DRHEHIHF LN,



BRAERLCEHRRE FREEE IHEZ

BRIBECEETRT » HERCADORBE B, BRER 2T VWL, S b
YRBEONICER AT T OEEM R EE S TR L. SR EBERREIT oD, &
BRI FRMEEOEBRERLE LTOFHLEZ VINVOAREBRL C. Bx DL
v —VEAE SR L, T DO L PEIZ OV TRE LT,

[1] BHAAE ) —AFEELCRITIEHEEEMA

FRANLE ) —NFEER1EAR L, 12 n-CH 0 OERST S &, @S 208°C
OFEGE (B 1) BEOLNE, —F. MeOH/MeCN 25 1 2B/ T 5 & IR &
(1)(MeOH), LN DD, TN EMEL T MeOH % Bl S 87250k & (£% m) 13,
138°C TRE L7206, 171°C THURE (BHF 1) L., 203°C CHMETDH L)
“ERRERLE, £ 1010 M OMCTERESRSEZ HLARVOT, ThRbLIZE

FEE—ZBOBRICH DS, WTRb, BER. SEITIEN T RREBIZRS Z LN
DSC BIEIZHIT D20 T AEBROTFEICL DV bholz,

SZEBRITET/ P P2 RICBWTEANICHERET 2T TH 0. BALL LTl
BERIT 52 LIdHmThIED, CNETRBISTWEBRRTHAZ 2B L,
Flo. BEBAIL, BERHL T A Ny FRBBERICER ST D BRIRBEO S (&
EEDEY) SHFECERRINITThIrZLIZLERLE,

M. Takahashi, H. Ogino, and K. Kobayashi, Chem. Lett., 43, 187-189 (2014)

[2] HHEILE ) —NLFHEK2 L3 OEREME

P 7227 I UERERLEBICG DAY — =2 MEOEFHRF) 2L E ) —
MNFEEE2EAERL, 1) BEOGET T T4 BERTLZ &, (2 BiLLE
THZITRT NI &, (8) NaOH, KsFe(CN)s, NaOH KB & 2 DB U Ek L DK
JETC B AROBIEE LT ESR 7 FANERIS ., BEVITIRST 7T O A LA
“ERETLIZE. @ BXEFRT L (5)220°C (CEMBES L Bbh bR —7
EH ol b REFHLNILE, . V72T I 0A~DHNVE ) — L EEA L
7= 3DER LTV, EELHEIC OV TR L,

O ou O o OH
Ho N\o @O

o oH O HO' o
1 o/OH 3



ERERCFHEE KB MERT

Btk =M FEML COBFOE. EMATERCHESTE S OB IR £ B
BELT, REARKT VUV - nBFHRENFROEOEBEBEEOGHE. T
D OEE « MBI 21T > T 5, PRRBEICI D FESINEETH S0, HIcEHE
D4y FEAERZIER LB THFRC L 250 FEFIRIEIZ I E AN T 5, R4E
EIXL T OBEETo 1,

[1] BEFRT PUNEBRER L T 55 FHBIEROSR - B8 & Btk

REEZ I EOBR 7 == bumb= huasxy RIDIAVRPEDOBREBHE
BEARL, TOEE LHEEETHOLMILE, BTH 3,5-UA MR EEBAED Mn
PERIIT X N RBRBERIET N ORI LI LTHEADRIZLY P62 OXT
NIBZERBEE S 2, —REOEAHREELZ 52, BEBAIEICLVEGEBIBEEISK DY
= VR THD Z RS,

[2] £ABEEDE LT X T VFE & T 5% 7 VRBEEEROAR & otk

AEEITITEOT I 8B, ABOEBEBSBHMEES AV, KEARIEIC CRIMEEDIE
RERAT, R, DL-EDL-Asp & Cu(IDH & iT—R THIRHEE OB RIS, L-Glu
& Cu(Il), Co(IDD> & X a BIF AN F % RNV EH T 5 ZRTHE B EE DO K EREMEE I E S
iz,

[B31 TU—ATUE=y L BEAVW-ERERES N7 X4 hOARKRELE
Bk~ a T Ah A BULAPI(A-NH;),CuCly {Ar = Ph, m-p-F-CH ) 2B R L. 2D
&I OWTHRE Lz, ERROEEDITV TR b CuCld TR SN KT — b
DRI ARNH " B EN-BETH Y | BHIRE SK OMBEATH S = LR EN
7zo ETo(Ph-NH;),CuCly (3B L 0 HEHLBFEE~LE L, TG-DTA AlE DR
EEDHZD 180 CHOETHEBD L L bICKERRBAY — I BRLNZZ LD
LOEEBNEZ > TWD 2 & BRRE S,

[4] BEBAHEE BV ERBRAL T 4 VBT OER
meso-N 7 x 2 VEFETIRCY OAEZBEALERLVY 0 Y U E2ER L, SROE
BEEHEROCT vy ats 5 (DBO) BETLY /) —AEEEL L CORERE
FEATo T, fER. BWELT L LT DBO 2 2 L@A THER L ALY VLB
74 U CRRRREY 7Y 7 FRMEIC RN LB S TSRS R O,

[5] DIFAIRE TN NLT =y AEOAER
RO &4 2 BRI R OIRAS Y BRI MBS C b 5 B AMRB7 =
U LEDOEREIT T,

,117



RADEREERARE HR EHER

N BUREEFENEYIBT I LEBEREE TS Ry, haRu %o b
aR /A FBXOLBREAEBRERMERLET AL IR TAT AL VST XV )
A FOLFIZET A EEIT-> T 5D, o

BIZF 72 L OBEREETLHET X @i/ \H
Lk, CuoHs @ & 9 72l Hie RALKFRIC b 2 o’

Do b N F B EFEORKREVLEY
b5, Tropolone Azulene

RKEEOHET —~ 2.
(1) TRV VBEELI T o—F LD
—RIZZ T =T, BAREREEERERETR T b2
ZROMEVVRER I, EoF~NEHENLTWS, —F., TXV B Sy
T U= T NDBREFNIFEE T, REE, TXV ) 7T 71 (X=NH,, OH)
8]

B EOREDHER

DF NFTHET X g}

VI TUY 20T ¢ T o? N N
HkE L, 206 ) —e ~) O
wor e O 20 OF 0
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Theoretical Study on the Reaction Mechanism of Formation of Lutidine Derivatives -
Unexpected FLUORAL-P Compounds -

Hiroyuki Teramae, Yasuko Y. Maruo, Jiro Nakamura

IEICE Trans. Electrons., E96C, 383-384 (2013)

Theoretical study on the reaction mechanism of formation of 3,5-diacetyl-1,4-dihydrolutidine

Hiroyuki Teramae, Yasuko Y. Maruo
Intern. J. Quantum Chem., 113, 393-396 (2013)

Electronic states of mixed base pairs systems of dna and the effect of base composition and
sequences on the band structures using screw axis translational symmetry

Peng Xie, Hiroyuki Teramae, Kai Liu, Yuriko Aoki

Intern. J. Quantum Chem., 113, 489-496 (2013)

Reply to the comment of J. Ladik on “electronic states of mixed base pairs systems of DNA and
the effect of base composition and sequences on the band structures using screw axis
translational symmetry”

Peng Xie, Hiroyuki Teramae, Kai Liu, Yuriko Aoki

Intern. J. Quantum Chem., 114, 303 (2013)

Three-Dimensional Visualization of Wave Functions for Rotating Molecule: Plot of Spherical
Harmonics

Shin-ichi Nagaoka, Hiroyuki Teramae, Umpei Nagashima

J. Chem. Educ., 90, 669—670 (2013)
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SPRI 2, R R, RIE Bk
J. Comp. Chem. Japan, 12, 133-137 (2013)
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Amih SAGAN, il H5%, &If £, 251 #e, BE fH—
J. Comp. Chem. Japan, 12, 190-195 (2013)
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Is BFPMED ¥RE L BEES
Amih SAGAN, H S H&, Bl #58E, Rif B, Fil B2, BE #H—
J. Comp. Chem. Japan, 12, 230-234 (2013)

Effects of Interactions with Cyclic Solvent Molecules on Optical Dephasing of CdSe/ZnS
Colloidal Quantum Dots Detected by Femtosecond Four-Wave Mixing Spectroscopy

Yusuke Hirosawa, Hiroyoshi Kouzai, Naoya Yamazaki, Hayato Miyagawa, Noriaki Tsurumachi,
Shun Koshiba, Shunsuke Nakanishi, Vasudevan Pillai Biju, Mitsuru Ishikawa

Jpn. J. Appl. Phys. 52, 070202 (2013)

SERS microscopic imaging as novel tool for assessing viability and enumerating yeast cells at
various stages of cell cycle in lag, log, exponential and stationary phases of growth in culture
Manikantan Syamala Kiran, Tamitake Itoh, Hiroko Abe, Yasuko Fujita, Kazuya Tomimoto,
Vasudevanpillai Biju, Sajani Kavitha, Arumugham, Ganamani, Mitsuru Ishikawa

J. Exp. Nanosci. 8, 1-12 (2013).

Single Femtosecond Laser Pulse-Single Crystal Formation of Glycine at the Solution Surface
Tsung-Han Liu, Takayuki Uwada, Teruki Sugiyama, Anwar Usman, Yoichiroh Hosokawa,
Hiroshi Masuhara, Ting-Wei Jiang, Chung-Jung Chen

J. Cryst. Growth, 366, 101-106 (2013)

Polarization and Droplet Size Effects in the Laser-Trapping-Induced Reconfiguration in
Individual Nematic Liquid Crystal Microdroplets

Anwar Usman, Wei-Yi Chiang, Takayuki Uwada, Hiroshi Masuhara

J. Phys. Chem. B, 117, 4536-4540 (2013)

Rayleigh scattering correlation spectroscopy on diffusion dynamics of nanoparticles under
intense laser irradiation

Ping-Yu Hee, Takayuki Uwada, Kazunori Okano, Atsushi Miura, Hiroshi Masuhara

Proc. SPIE, 8810, 88102T1-12 (2013)

Enhancement of the solubility, thermal stability, and electronic properties of carbon nanotubes
functionalized with MEH-PPV: A combined experimental and computational study

P. Prajongtat, S. Suramitr, M. P. Gleeson, K. Mitsuke, S. Hannongbua

Monatshefie fiir Chemie, 144, 925-935 (2013)
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Highly efficient green organic light-emitting diodes containing luminescent tetrahedral
copper(l) complexes

Satoshi Igawa, Masashi Hashimoto, Isao Kawata, Masataka Yashima,Mikio Hoshino, Masahisa
Osawa

J. Mater. Chem. C, 1, 542-551 (2013)

Application of neutral d10 coinage metal complexes with an anionic bidentate ligand in delayed
fluorescence-type organic light-emitting diodes

Masahisa Osawa, Isao Kawata, Ryuji Ishii,b Satoshi Igawa, Masashi Hashimoto, Mikio
Hoshino

J. Mater. Chem. C, 1, 43754383 (2013)

Bent CNN bond of diazo compounds, RR’(C=N"=N")
M. Akita, M. Takahashi, K. Kobayashi, N. Hayashi, H. Tukada
J. Mol. Struct., 1034, 346-353 (2013)

Thermal and photochemical rearrangements of 3-arylamino-2-phenyl-1H-inden-1-ones to
N-arylphthalimides

M. Kawai, E. Sakanoshita, M, Akita, K. Kobayashi

Heterocycles, 87, 1289-1299 (2013)

Intramolecular [2n+2m]-photocyclization and conformational preference of
5-(2-benzo[b]thienyl)-5-ethoxy-5H-dibenzofa,d|cycloheptene

M. Akita, S. Mohri, M. Takahashi, K. Kobayashi

Heterocycles, 87, 1319-1326 (2013)

Anti-UV Activity of Newly synthesized Water-soluble Azulenes
J. Ueki, H. Sakagami, H. Wakabayashi
International Journal of In Vive Research, 27, 119-126 (2013)

Cytotoxic Activity of Benzo[b]cyclohept|e][1,4]oxazines

M. Ohno, J.Ueki, H. Sakagami, H. Wakabayashi
International Journal of In Vivo Research, 27, 507-512 (2013)
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Theoretical study on the structures of ethanolamine and its CO, complexes using the
Hamiltonian algorithm

Hiroyuki Teramae, Yasuko Y. Maruo

APCTCC 6 (Gyeongju, Korea), July 2013

Theoretical study on ethanolamine-water complex and ethanolamine dimer using Hamiltonian
algorithm
Hiroyuki Teramae, Yasuko Y. Maruo
5-th JCS International Symposium on Theoretical Chemistry (Nara), December 2013
[Invited Poster]
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Distinctive bioimaging with lumninescent quantum dots and plasmonic nanoparticles
M. Ishikawa

7" International Conference on Materials for Advanced Technologies (ICMAT 2013) (Suntec,
Singapore), June 2013 [Invited Talk]

Evaluation of plasmonic enhancement and fluctuation in surface-enhanced Raman scattering
and surface-enhanced fluorescence

T. Itoh, Y. S. Yamamoto, M. Iga, H. Tamaru, Biju Vasudevan Pillai, M. Ishikawa, Y. Ozaki

7" International Conference on Advanced Vibrational Spectroscopy (ICAVS 7) (Kobe Japan),
August 2013
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Genetic population structure of the fourspine sculpin, Cottus kazika inferred from mitochondrial
DNA control region haplotypes

Naoya Ishiguro, Daisuke Tahara

9™ Indo-Pacific Fish Conference (Okinawa), June 2013
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Spectroscopic investigation of highly fluorescent protein-encapsulated Au clusters
Takayuki Uwada
International Conference on Photochemistry 2013 (Leuven, Belgium), July 2013
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Development and evaluation of carbon nanotube counter electrodes for dye-sensitized solar
cells

Hideki Katayanagi, Kenta Shida, Koichiro Mitsuke
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titania nanoparticles
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Synthesis and Properties of Iridium Complexes with 2,3'-Bipyridine
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Chiral molecular-based magnets based on Supramolecular Chirality
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The 21st International Conference on the Chemistry of the Organic Solid State (Oxford, UK),
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Theoretical Study on the Reaction Mechanism of Formation of Lutidine Derivatives -
Unexpected FLUORAL-P Compounds -
Hiroyuki Teramae, Yasuko Y. Maruo, Jiro Nakamura

IEICE Trans. Electrons., E96C, 383-384 (2013)

The reaction path from acetyl acetone (pentane-2 4-dione) to lutidine derivative is calculated at
the HF/3-21G + ZPC level (ZPC=zero point energy correction), and MP2/6-31G** + ZPC level.
As a model for porous glass, H,Si=0 and (OH),Si=0O make chemical bonds or strong complex
with FLUORAL-P that decrease the activation energy of a H,O elimination reaction.

Theoretical study on the reaction mechanism of formation of
3,5-diacetyl-1,4-dihydrolutidine
Hiroyuki Teramae, Yasuko Y. Maruo

Intern. J. Quantum Chem., 113, 393-396 (2013)

We have studied the reaction path of the formation of 3,5-diacetyl-1,4-dihydrolutidine (DL1),
3,5-dibenzoyl-1,4-dihydro-2,6-dimethylpyridine, and
2,6-dibenzoyl-1,4-dihydro-3,5-dimethylpyridine with the ab initio molecular orbital method at
HF/3-21G and HF/6-31G(d,p) levels. For DL1, we also calculated at MP2/6-31G(d,p) level. The
barrier heights of H,O elimination elementary reactions are about 50-60 kcal/mol and quite high
in the gas phase, however, this is well agreed with the experimental results that the reaction

proceeds in aqueous solutions.
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Three-Dimensional Visualization of Wave Functions for Rotating Molecule: Plot of
Spherical Harmonics

Shin-ichi Nagaoka, Hiroyuki Teramae, Umpei Nagashima

J. Chem. Educ., 90, 669—670 (2013)

Wave functions for rotating diatomic molecules (spherical harmonics) were three-dimensionally

visualized by using Graph-R in tandem with Excel.

Electronic states of mixed base pairs systems of dna and the effect of base composition and
sequences on the band structures using screw axis translational symmetry
Peng Xie, Hiroyuki Teramae, Kai Liu, Yuriko Aoki

Intern. J. Quantum Chem., 113, 489-496 (2013)

We perform the conventional band structure and local density of states (LIDOS) calculations in
the vicinity of the Fermi level at ab initio molecular orbital level with 6-31G base set for one
DNA duplex with repeated mononucleotide sequences and four DNA duplexes with repeated
dinucleotide sequences in B form neutralized by Na'. The LDOS of six other DNA duplexes
with repeated trinucleotide sequences in the same states are analyzed. The obtained results are
compared with those by the band calculations based on periodic boundary condition using screw
axis symmetry. The investigations focused on the influence of the base composition and base
sequence on the DNA conductivity. The band structure and LDOS calculation results indicated
that base guanine is more important for DNA conductivity than the other bases, and DNA
conductivity varies with base sequence of DNA. Moreover, poly (dG) * poly (dC) shows the

best conductor in our DNA duplex models.
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Effects of Interactions with Cyclic Solvent Molecules on Optical Dephasing of CdSe/ZnS
Colloidal Quantum Dots Detected by Femtosecond Four-Wave Mixing Spectroscopy
Yusuke Hirosawa, Hiroyoshi Kouzai, Naoya Yamazaki, Hayato Miyagawa, Noriaki Tsurumachi,
Shun Koshiba, Shunsuke Nakanishi, VasudevanPillai Biju, and Mituru Ishikawa

Jpn. J. Appl. Phys. 52, 070202 (2013)

We have studied the effects of interactions with cyclic solvent molecules on the optical
dephasing of CdSe/ZnS colloidal quantum dots (QDs) by femtosecond four-wave mixing
spectroscopy. We have found that the interactions with the cyclic solvents without z-bonds
result in unexpectedly long dephasing times of QDs even at room temperature, while the
interactions with the cyclic solvents including zn-bonds make the optical dephasing of QDs

extremely fast with a dephasing time of less than our time resolution.

SERS microscopic imaging as novel tool for assessing viability and enumerating yeast cells
at various stages of cell cycle in lag, log, exponential and stationary phases of growth in
culture

Manikantan Syamala Kiran, Tamitake Itoh, Hiroko Abe, Yasuko Fujita, Kazuya Tomimoto,
Vasudevanpillai Biju, Sajani Kavitha, Arumugham Ganamani, Mitsuru Ishikawa

J. Exp. Nanosci. 8, 1-12 (2013).

Surface enhanced Raman scattering (SERS) microscopic imaging was employed to  enumerate
the yeast cells in culture. We found this imaging method as an efficient tool for easily
differentiating and quantitatively enumerating yeast cell at different stages of cell-division cycle
(G1, S, G2 and M phase) at various stages of growth phases namely lag, log, exponential and
stationary phases in culture. Apart from enumerating the cells at different stages of cell cycle
under lag, log, exponential and stationary phases, it was possible using SERS microscopy to
differentiate the live cells from dead ones. The dead cells were SERS inactive and gave
enhanced autofluorescence compared with the live cells, which were SERS active. The results
from the present investigation suggest that SERS microscopic imaging, using silver

nanoparticles (AgNPs) as a sensitive tool to enumerate the yeast cells in culture.
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Single Femiosecond Laser Pulse-Single Crystal Formation of Glycine at the Solution
Surface
Tsung-Han Liu, Takayoki Uwada, Ternki Sugivama, Anwar Usman, Yoichiroh Hosokawa,

Hiroshi Masuhara, Ting-Wei Jiang, Chong-Jung Chen

4 Cryst. Growth, 366, 101-106 (2013)

We demonstrate femtosecond laser-induced crystallization of glvcine from its supersaturated
solution depending on laser tunable parameters (pulse energy and repetition rate) and focal
position, and examine the crystallization probability, crystal morphology, and crystal polymorph.
The generation of cavitation bubble through multiphoton absorption of water depends on input
laser pulse energy and repetition rate, which strongly determine morphology and number of the
obtained crystals. Significant increase in the crystallization probability is observed by
irradiating the femtosecond laser pulses to the air/solution interface, and single pulse-induced
single crystal formation is successfully achieved. The crystallization mechanism is discussed in
view of inhomogeneous mechanical stress induced by cavitation bubble generation and

molecular assembly characteristics of the surface.

900 shots 150 shots 50 shots single shot

DOT: 10.1016/j.jerysgro.2012.11.018
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Polarization and Droplet Size Effects in the Laser-Trapping-Induced Reconfiguration in
Individual Nematic Liquid Crystal Microdroplets
Anwar Usman, Wei-Yi Chiang, Takayuki Uwada, Hiroshi Masuhara

J. Phys. Chem. B, 117, 4536-4540 (2013)

We experimentally demonstrate reordering throughout the inside of an individual bipolar
nematic liquid-crystalline microdroplet optically trapped by a highly focused laser beam, when
the laser powers are above a definite threshold. The threshold depends on the droplet size and
laser polarization. A physical interpretation of the results is presented by considering the
nonlocal orientations of the nematic liquid-crystal molecules in the droplets with the dimensions
on the order of the focal spot diameter or larger. On the basis of the finite size approximation,
we show that the dependence of threshold power on the droplet size is calculated to be in

qualitative agreement with the experimental data.

Linearly polarized laser beam

I0E

Circularly polarized laser beam

DOE: 10.1021/jp308596h
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Rayleigh scattering correlation spectroscopy on diffusion dynamics of nanoparticles under
intense laser irradiation
Ping-Yu Hee, Takayuki Uwada, Kazunori Okano, Atsushi Miura, Hiroshi Masuhara

Proc. SPIE, 8810, 88102T1-12 (2013)

Rayleigh scattering correlation microspectroscopy is developed and applied to study diffusion
dynamics of some nanospheres in water. It was clearly found that the diffusion constant of gold
nanoparticles decreased with increasing excitation laser power at the excitation wavelength of
higher absorption cross section. This behavior was explained in terms of a coupling between
laser trapping by the scattering excitation laser itself and laser heating of the particle. In the case
of non-absorbing nanospheres such as silica and polystyrene, the excitation power dependence
can be ascribed only to the laser trapping. Experimental setup is introduced, theoretical

formulation is described, and future development of this measurement is considered.
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Highly efficient green organic light-emitting diodes containing luminescent
tetrahedral copper(I) complexes

Satoshi Igawa, Masashi Hashimoto, Isao Kawata, Masataka Yashima, Mikio Hoshino,
Masahisa Osawa

J. Mater. Chem. C, 1, 542-551 (2013)

A series of highly emissive sublimable copper(I) complexes with tetrahedral
geometriesweresynthesized and investigated as luminescent guest molecules in organic
light-emitting diodes. Thermogravimetric analysis of 1-3 under vacuum revealed that
introduction of F or CF3 substituents in the dppb skeleton increased the ability ofthe
copper(I) complexes to be sublimed. 1-3 exhibited strong green emission in amorphous
films at293 K. Conventional bottom-emitting devices with threelayerstructures
containing 3 produced bright green luminescence with maximum external
quantumefficiency of 17.7%.

Application of neutral d10 coinage metal complexes with an anionic bidentate
ligand in delayed fluorescence-type organic light-emitting diodes

Masahisa Osawa, Isao Kawata, Ryuji Ishii,b Satoshi Igawa, Masashi Hashimoto, Mikio
Hoshino

J. Mater. Chem. C, 1, 4375-4383 (2013)

A series of heteroleptic coinage metal(1) complexes 1-3 were synthesized.

X-ray crystallography demonstrated that 1-3 possessed tetrahedral structures containing
two types ofbidentate ligands, PP and PS. Photophysical studies and time-dependent
density functional theorycalculations indicated that the emission from 1-3 in the solid
state at room temperature originatedfrom thermally activated delayed fluorescence.
Cu(I) complex 1, whichexhibited efficient green TADF with a maximum emission
wavelength of 521 nm and a quantum yieldof 0.52 in the solid state, was used to
fabricate TADF-type organic light-emitting diodes via a wet process.
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