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Establishment of Size Selective Synthesis Method of Platinum Cluster and
Development of Platinum Cluster Loaded Catalysts and Evaluation of
Their Oxygen Reduction Catalytic Ability

oShimizu Nobuyuki, Harasawa Atsuya, Kurashige Wataru, Negishi Yuichi
Graduate school of Science, Tokyo University of Science, Japan

[Abstract] Platinum is used for electrode material of the fuel cell, and rarity of platinum
inevitably makes fuel cells costly. Therefore, low-cost and highly-active catalysts are desired.
Miniaturization of platinum nanoparticles is one of the effective method to achieve high
activation of electrode material. In this work, we aimed to establish size-selective and
systematic synthesis of platinum clusters with simple method, and to evaluate the oxygen
reduction ability of the catalysts on which obtained clusters were loaded. Thus activity test
indicates that removal of ligands is essential to show high activity, and the 14 kDa cluster
shows the highest activity among the obtained clusters in this work.
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Structures of aluminum oxide cluster cations
investigated by ion mobility mass spectrometry
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[ Abstract] Geometrical structures of aluminum oxide cluster cations, (AlOs)." and
(Al203)nAlIO* (n = 2-5), were studied by ion mobility mass spectrometry. These ions were
generated by a laser vaporization method combined with a pulsed supersonic molecular beam.
Collision cross sections (CCSs) of the cluster cations were obtained from the arrival-time
measurements in the ion-drift cell. In the mass analysis, (Al203)s" and (Al203),AlIO* were
predominantly observed as a result of collision induced dissociation inside the drift cell. Most
of the arrival time distributions of the cluster ions are very broad and asymmetrical shape, and
thus, it is concluded that there are some structural isomers. Geometrical structures of
(Al203)n" and (Al203),AlO0" were assigned by comparison between experimental and
theoretical CCSs. By comparing with CCSs calculated from density of a- and y-alumina, most
of the assigned structures were concluded to corresponded to y-alumina or amorphous.
However, the most compact structural isomers have comparable densities with bulk
a-alumina.
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[Abstract] In this study, we conducted ion mobility and mass spectrometry measurements
combined with DFT calculation in order to gain insight into the structural evolution of iridium
oxide clusters as a function of the numbers of Ir and O atom. Cluster anions Ir\Om~ (n = 4-8,
m = 0—15) generated by laser vaporization were passed through a drift cell and detected by a
mass spectrometer. Collision cross sections (CCSs) were determined from the arrival time in
the cell. For n = 4-7, the CCS increased monotonically with m, except for Ir70s~ which
contained a more compact isomer. For n = 8, the CCS decreased abruptly between m = 10 and
12, suggesting the transition from planar structures to three-dimensional more-compact
structures.
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Fragmentation of multiply charged ions of mercury clusters
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[Abstract] Fragmentation of doubly and triply charged mercury clusters is theoretically
studied to analyze an experiment performed at Osaka University. According to the experiment,
nearly symmetrical fragmentation is dominant decay process for the doubly charged clusters
while strongly asymmetrical fragmentation is favorable in the fragmentation of triply charged
clusters. The appearance size, the minimum size for a multiply charged cluster has been
measured. To explain findings in the experiment, fragmentation barrier is calculated using a
liguid drop model proposed by Echt et al. Fragment size distribution is well explained in
terms of the barrier height calculated with the present model. It is found that the size
corresponds where the fission barrier is equal to the monomer evaporation energy. Small
mercury clusters behave as van der Waals clusters in the fragmentation process.
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Fig. 1. Fragment size distribution measured in the
NWIT—= WA FZAZ—L LT, 55F9T %R experiment (above) and calculated fission barrier as
LTW5 functions of fragment cluster size in the fission of
° doubly charged mercury clusters. Black, blue and red
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Table 1. Appearance sizes of doubly and triply charged mercury

clusters obtained by experiment and cal cul ation.

Charge | Calculation [4] | Experiment [3]

2 22 20
3 4 46
[2E k]

linesindicate for parent size n=11,15 and 19,
respectively
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[Abstract] QM/MM ONIOM calculations were used to analyze the reaction mechanism for
the methane activation by coinage-metal exchaged ZSM-5 zeolite, and further reaction with
carbon dioxide to form acetic acid. Dual and single coinage-metal cations were considered
inside ZSM-5 whose two silicon atoms are substituted for two aluminum atoms. ONIOM
calculations found potential energy surfaces on the formation of acetic acid mediated by
coinage-metal exchanged ZSM-5 zeolite. According to ONIOM calculations, dual copper
cations inside ZSM-5 with two substituted Al atoms can exhibit high catalytic activity toward
methane and further reaction with carbon dioxide to form acetic acid.

(S EEsREE2HEE L7 ZSM-5 ¥4 T4 ME, TONEICEB/BITF AL 26T 5
72, AX L C-H #EEEMHAL TS ZERNMOLNTWD, 2D XX &M LERE,
BT A OFEES, S5, BX 74 MEKRIZEENDI T VI =0 AR OR
BIEET D [1]. S50, BBGBHEEY AT A F O A Z AR S TAERT S
EHEREAFA L, IBENR T A TH D “BLRFZHIRICERT D57 7 203
HEENTWDEHDO0, ZORIMETZ LL[2] BESD—2I1Z7>TWn5h., ZORE
RETRT D720, AR TIIERE SRR ZSM-5 B4 74 MNMT XD A ¥ U OfF
PEAV OIS & BT D IEMERE & kIR FE & DR BEEATED X ) ICH N LT 5
I, BEPLEEEE (QM DFT) 35 &5 F /18 (MM) EZ2AA DT QMMM
ONIOM G5 T~ 7-.

(5 (3B - EBig)] Lo EEKT 5720, ZSM-5 B4 F A ~OF /7 FlilfL
APRHNCEH T HET L & LT AlSisusOsigHigo ZHEEE LT, Z DO AT 14 FNENIC
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TAHX D C-H fFEATRMLB IO, 0% O bk & ORSTERT D RPTE
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MM fE18% i Universal Force Field % V7=, QM fEIR D R % & L CEEES R I
CEP-121 R, Z DD JRT121% 6-31G* % HV /-,
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B DIEMALIE, A X VIRBIRF LD F A2 L ORMICHEERAMH Z L THIE S
n, TOREERLE L TCAFNIELH N T4 & OMICIHAER-E AR LA (INT)
IZED. ZOFEULATIE, —2DOKBRTFNBEL T4 VEKIZBY 7L AT v Rig
REEKRT S, ZOT7 V2T v RERSIX B LRFEEZKE/EICIOVEET D, E
BS, “WbiRFEE T L ATy NERA L O EMER TAERKT 5 A (COo, Ads) I,



THRAX—MICETEILTH D Z Enbnd (Figure 1). =Dk, —FRbLRFDPTIUR
BEIZEET 52 L2k ATF AR E OMICAER G AT 2 BRIk (TS2) %
BCHERR AT 5.
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Figure 1 Energy profiles for formation of acetic acid by the reaction between methane and carbon dioxide on
Cu—ZSM-5(Al,) (blue) and Cu,—ZSM-5(Al,) (red).

COTRAX =TT 7 AN, AL AGVELOBEBRIREE (TS1) O F A, Hilg
AR OBEBIRE (TS2) LV b =f A XA THL Z ERNbnb. DFD, A
HAAEHALDS Z O US B TOFGEEME TH DL Z L Z/RB L TVD,. 512, TSI kB
KON TS2 OIFEMHAL= RN —% E(l) BELOE(2) &L, AT A MIHEISNTZ
194 8 D S & Eeilg L7z (Table 1). Table 1 k¥, E(1) I 4B L O K240
ZHHEEL72 ZSM-5(Al) b &7 oT2. X 51T, Cup,=ZSM-5(Al) Tidi/hd Ey(2) 1
BT ZENHLMNE R ST, o TRIFSEIZ L Y, B EZHE L= ZSM-5(Al)
X, AZ - LRBEERIRICER T DAL M TH D Z LN RIS L.

Table1l E4(1) and E4(2) values in the reaction mediated by M,—ZSM-5(Al,) in kcal/mol
M, Au; Ag; Cu; Au, Ag, Cu,
Ea(1) 17.2 27.4 16.6 13.4 52.1 135
E.(2) 47.7 24.1 44.1 80.0 43.6 150.

[2% 3C#R][1] () Yumura, T. et al., Inorg. Chem. 2008, 48, 508. (b) Itadani, A. et al., J. Phys. Chem.
C 2012, 116, 10680. (c) Oda, A. et al., J. Phys. Chem. C 2013, 117, 19525.
[2] Brian D. et al. ACS Catal. 2017, 7, 6719.
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Intramolecular Excimer Formation of Dibenzo-Crown Ether Complexes
with Metal Ions

oMayuko Kubo, Manabu Abe, Takayuki Ebata, Yoshiya Inokuchi
Department of Chemistry, Hiroshima University, Japan

[Abstract] We measure fluorescence spectra of dibenzo-18-crown-6 (DB18C6) and dibenzo-
24-crown-8 (DB24C8) in methanol at room temperature with and without KCI salt. For
DB18C6, addition of KCl increases the fluorescence intensity and shifts the maximum position
to the blue, but the spectral pattern is the same as that with no KCI. In contrast, the K'*DB24C8
complex exhibits largely red-shifted fluorescence around 350 nm. This spectral feature is quite
similar to that of excimers of benzene and benzene derivatives observed in condensed phase.
Therefore, we conclude that the K**DB24C8 complex forms the intramolecular excimer after
the UV excitation. In addition, the intramolecular excimer fluorescence is not strongly observed
for other alkali metal ions. Hence, DB24C8 can form the intramolecular excimer only with K*
among alkali metal ions.

[FlH~xI1ZonETr I a—FT - BA F U RIC D
W TGRS IS K VIR ZIT> C&E Tz, 77T VERD
KEEINERD 4 YRV 757 2—F )L (DB3nCn,
n=5~8) OV 7 LA A LEEK (K*DB3nCn) 122U THRAK
BERAAEN AR SV BHELIZE A, VRV 24-0 5

7 —8 (DB24CS, Fig. 1) OH U 7 LA A 45K (K'~DB24C8) Fig. 1. DB24C8
DIHMRINNEIPH T v — RN AZ R~ LT2[1], £72, &1t .
SEMEIC L 0 B DAL 4 FEO K'DB3nCn D i HETE M b, 3 .J“
K*sDB24C8 |3LD 3 D DFE{E L LT 2 DD B BT f
BELTWDZ ENbho=(Fig 2)s 2HHDIZ EMND
KsDB24C8 [ :hie %, DB24C8 ND 2 DD P UBRIZE *§
STHFHNZFV~Y—ZFR L TWDHLEEZLND, KRIFE
TIE, WKFIZI1F 2% DB18C6 35 L O DB24C8 D7 /L1 43
BA A RO ENE AT MV ERIEL, DN F~— Fig. 2. The most stable
R DA T Z DOV TRRGE L 7=, structure of K*sDB24C8

[ 5 (B - #i)] 2R ~<7 FAOBEIEIZIE, DB24C8 DL DRI L O
DB24C8 & MCI (M =Na, K, Rb, Cs) & DIREIRIRZ AW, I A X ) — v &2 ff
AL, WKROEE X DB24C8 B L NMCI N FNZFH 1x105M, 1x102M & 725 X 93l



U7 WEIT=EETITY, BiEREIX2750m & LT, o=, DBISC6 (2O

THFBRICHIE 21T - 72,

[# 5% - &%) Fig. 3 (a,b) |2 DBI18C6,
DB24C8 O A DI L TKCL & DIRA
WHRIZDOWTOHEIEANRT MIVERT,
F72 KCl A TZHHR LM A TR0
WD AT NIV DFER FRE TR LT,
DBI18C6 TiE, KCl ZMz 5 & d#tsmfs
DHART B L L BIT, B RO
EMINCY 7 FLTWAD, 27 RLD
ARl R &E 2B IR 5 vn, —JF
DB24C8 TI%,KCl Z /1% 5 & 350 nm £}
UTIC DB24C8 DA DOHFAHITITR. 67
WRELSEREY 7 PLz®EEZREL
TWAZ EROND, ZIUIRCEBUB
SJORVCPBPUOTIVFNVFEERDO T X
VDAY v EFEFRIZEEL L T
WAH[2]l, ZDZ b, KDB24C8 1%
TTHTX v —FERTHEEZD
"o,

¥/, Fig. 3 (c~e) (2 DB24C8 DI DI
TZF L OYMCl (M =Na, Rb, Cs) & DiEA
EHRIZDOWTOHEIEANRT MIVERT,
(a, b) LRIFRICHEZATSTZN, EDOT
) EEA A DA DB24C8 &
KCl DIREWIE TR LN &9 e Elk
o7 b UEEOBITBRI SN o T,
NS5O EG, DB24C XTIV Y
BERATLDIB IV T AL I EE
BLIELEDR, nTH=FY~—%F
KT b EEZLND, TDOL )T
~—®HNEFA LB A 4 O
VAT AIT TV o E I N T
W5M[3], T DB24C8 Z W5 &
T, W ToO L0 fEiE TR B
VT LA T ORBEHD AR5 &
HMEE S B[],

[3%E 3Cik]
[1] M. Kida et al. ChemPhysChem 19, 1331 (2018).
[2] F. Hirayama et al. J. Chem. Phys. 51, 1939 (1969).
[3] A. Yamauchi ef al. Anal. Chem. 72, 5841 (2000).
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Fig. 3. Fluorescence spectra of DB18C6 and
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The Development of Technique for Precise Synthesis and Physical
Properties Evaluation of Thiolate-Protected Alloy Cluster by Using
High-Performance Liquid Chromatography

oSayaka Hashimoto?, Seiichiro Watanabe!, Yoshiki Niihori*, Wataru Kurashige?,
Yuichi Negishit
! Graduate school of Science, Tokyo University of Science, Japan

[Abstract] In this work, we have succeeded in the precise separation of alloy clusters
protected by thiolates (Auss-nAgn(SCsHs)24) according to the number of the doping metal
atom by reversed-phase high-performance liquid chromatography. In addition, we have
succeeded in tracking the isomerization of Auss-nAgn(SCsHo)24. The result obtained by this
experiment revealed that isomer distribution changes depending on synthesis procedure (i.e.
co-reduction method and metal exchange reaction). Furthermore, this study revealed that
Auss-nAgn(SCsHo)24 synthesized by metal exchange reaction has metastable isomers and their
isomers transform to those obtained by co-reduction method by leaving in toluene.

[FF] 747 — MRS T AL — (Aun(SR)m) 1%, 7L 7 & TIE ALY A KR SL A 70
WBLR ALFHIMEE AR T, ZHLT Aun(SR)m IZBIF 2R —7 958, TOMEEZbs
BDHIELFRETH D, B2 1L Ag JFFDR—T 1%, 7T AL —DEFHEE 2 Hk B b E
L, ZIUTHEOD, IR EAREL LS, LnLans, AgITFOR—7Sn-A47
TAB =TI R=T B i a R A RS aM, e T, Zhb D A&7 TAX—IC
BIIDAg R —7 2 RAEBEOEWR CHAE T H7-DI21%, 77 AX—%& Ag K —7 82, FEHE
I BET D EANRDR AR IR Th D, Fiz, FIZFRICR—75TH, F—7 (@ B2 uE (hr
B RIER) | 7T AZ—DOWEITEAL T HEMFESNDE, 2507 AAFSECIE, Wi
HWRIA 7 v~ 17T 7 —(RP-HPLC)RBADEEfE 2LV | AuAg G4 T AKX —% Ag JFT DK
— 7 SOITALE BRI, @ RRE ToBE 2 I IEOENLIZER P LT, F2. 29
L= HiEEFIHT 528 T, AuAg A 40T AL — DAL B BRI, BT IEIIKEL
TELTHZELHLMMCLTE,

[EBRFELENCIE, 72T 4T —F (SCaHo) R7#  AUssnAgn(SCaHo)2s & e, 7T A
Z—E Tl (i) Ausg(SCaHg)24 12 Ag—SCaHo ${AZ N2 52T, Au JRF& Ag %48
B 20715 (BB AZHASOR) &, (i) 7 X FA—VAFE FCTAUAA & AgA A ZTRIFRIC
Ewe T 555 (RIRRZEICE) O 2 D2 HWe, 5372 AussnAgn(SCaHo)e DIRAEMI % .
Core-Shell #U77 2% v /2 RP-HPLC 2LV ML T-, ZDEE, BEFHIZ/ 7 = F
TIRZEVHEIEIL T2, G5O~ T LhDEE — % B8NV RTINS e R 7 ~
BAT L —AF AL (ES) B E&OHTICEVFEHN L7z, $70. &R QS THRLE
AUss 1Agn(SCaHg)os ML HIT 6 HFE 5L T, BRI EEI TS ST,



[#E 52 28]Fig. 1(@)(b)ICTNTH, &8 AH
i K OVR RS o iR I CREBLL =3B o B &
AT MV EIRT , AT L T
AU3g-nAGn(SCaHo)2s I TR B SN DB E D E — 73
BAISNTZ, ZOZLIZELLO A KIETHTHRL
TRBHZ IR W TH, Ag IO —7 8T 0%
Ho72 AusgnAgn(SCaHo)2s D FRIE N = Z LA TR
LT, Fig. 2@)IiE, 48 R I LD
LRt~ T hERT, ya~vh T
LI EB ORI e — R8s, v
— 27 I~V OEEZHTED, 26D — 21T,

Ag R DB D ARIEH— DL D7
AP —INEFNTNDIEN-o7=(Fig. 3), =
DZEIE, AFIEIZKY | Ausg-nAgn(SCaHo)2s 1
BN Ag JRA DR =7, EFRE Ty
BESN =2 LB Rl CND, FEARFER T, £ D
SO HETH RIFHBLIAL PR S M ZD
D Ausg-nAgn(SCaHe)2a ZE A L72IZH BB T
(Fig. 1), Z7a~ I LDIRITE BIE KT
L CREL 2> T = (Fig. 2(@)(b) . ZDZ &I,
Auss nAgn(SCaHo)2a DAL E AR AR 1L, B Ak

FIEIEFLTEATHIEERL TS, &8
AR Z CIABLE LT Auss—nAgn(SCaHo)2s %
ML AAREPICTRELEZA, Zu~v T
LOFRIFTIR 2 1T, 6 BRI, [FIRE
TEIEIZ LIS Auss-nAGn(SCaHo)2a DZ
TLERERIL =6 D E7e 7= (Fig. 2(b)(c)) . [AIEFE
TEIEIT. &R AR TR IE IR TAS
—DEMRLG WERFIETHS, SEELNTE
AR, B A AR S CIE e EFE D E AL

FNOITEEFPICTHRESIND &, [FIRRE LA
(ZRORMBSND L7, ZEIRBMEIRA~ELA
THZEERL TS, UL ED I, RWFZETIL,
BT TAZ— DG HEC R T 5L EHIZ,

EOLT I BREEE T 52T, A/ TAS —
D FEMEA S DIBBRT B LT,

[2% 3Cik]

[1] Y. Negishi et al., Chem. Commn., 46, 4713
(2010). [2] W. Kurashige, Y. Negishi et al.,
Coord. Chem. Rev., 320-321, 238 (2016). [3] .
Niihori, Y. Negishi et al., J. Am. Chem. Soc., 135,
4946 (2010). [4] Y. Negishi et al., J. Am. Chem.
Soc., 137, 1206 (2015).
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Fig. 1. ESI mass spectra of Auss nAgn(SCaHo)24
synthesized by (a)metal exchange reaction and
(b)co-reduction method.
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Fig. 2. Chromatograms of
Auss nAgn(SCaHo)24 synthesized by (a)metal
exchange reaction, (b)co-reduction method.
(c)Chromatogram of sample obtained by
leaving (a) in toluene.
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Electron spin resonance study on excited states of Sr-doped NaTaO3

photocatalysts
oTakamasa Sato, Yasuhiro Kobori, Hiroshi Onishi
Department of Chemistry, Kobe University, Japan

[Abstract] Electronic excited states in NaTaOs photocatalysts doped with Sr2* have been
studied using time-resolved electron spin resonance spectroscopy. A pair of signals,
microwave absorption and emission appeared by 266-nm light pulse irradiation at 77 K. The
shape of these spectra means that electrons and holes generated by irradiation of the excitation
light are separated. The narrow absorption peaks suggest the mobility of the excited electrons
in the NaTaOs lattice at 77 K. The observed time-resolved spectra were analyzed using
stochastic Liouville equations to evaluate the mobility of the unpaired electrons.

[FF] KFIMLEREHZR D D H 7272 R/ Excitation light H2
F—L LTHWLLTWA., LM LAEIZL
NN RIRT ADLI D HENTWDH 729
RS RIRH A DM EIHRAFE L, ERkD
WRET CO R EDRERMEEZREIE LR
EORENK > TWD. THERT 52WE
& U CKRDRREMBE N ER S Tnd. 78
I B AR LA 7 ) — 72y \j/f“ 0
ETAD B KRR ERT D720 THS. L Valence band~ ¥,
Mo TR RCA I I AR FH S Z TR T 5 72
DOEERKZEZMY EEZ LN TND.

I 511X La &2 Himol% K—¥ 27 (D& L, EO it 2 R >0
7-NaTaO3 SR A TRET 5 & . mOWEFIER (50%H) TKS %#é & W
L. ZOLE&BILED N— 7 & B3k o s TE 2 R M E S w7
D, FD AT = XTI 30T R0,

AMIETITEBICEDO R—E > ZIZHEB L, La3ICICET 2 KD FE s =67
Sr2*&ZNaTaOs(Z R—E 7 LT, REHEIZL > TAELUIMEE FCIEEE A Y
v 4tng (ESR) CHE BT 5. B E T & IEFLA 0B L 7= % O ZE g s 7e &

DOIERZGSGT, ERIABEOHE L 72 5 FE TR IREOM L D 5.

Excitation

Figure 1:Water splitting photocatalyst.

[ﬁ%(%ﬁ HHin ﬂwamimm,&ax%%wmfNMh&ﬂwlowk&é
EIOICEVERY, kT30 HMEE. T3 F520FI2 AT 900°C T 1 KRNz
L7-1%%, 1150°CC 10 RefEIINZA L C, Sr**%& RK— t/ﬁthﬂMk%Ambt RIZ
Na,CO;, Ta,0s & F.gk T 30 727R+E, 7/ 2 F 5 2FI2 AT 1100°C T 3 BNz L,
R— t/ﬁbfw&wNﬂMh%Ambt.Ambtt%ﬁ®ﬁm&%L%mti/



J AR E =y 7 AR CHER L=, 2 O 2 195 0 7 A RGBS I B 255 A L,
77 K IZHFEIL T E 266 nm D7V &2 L —W—J 2 HBE U 7ens O REE 45 ESR A~
7 MVERIE L.

[FER - BLE] VAL —F—KEME 0ns LEFE) T5&Sr K= TOFMIC
B od, MG~ A 7 niloWRIUEs (AFEH) 25, KRG~ A 7 afEo
RS (EAR7T) DEERF RIS L CHin/ (Fig.2). k& LTEA Y —»
oRT A UM, AR LT OO —EIE- S EELTAEL DT VN
BT 220N TE D, 2D D, BIENT X 0 Ak Lo - 1E LT E
BEB A Lo o2 L LW b EEXBbND. /2, ABRLERRFOgRT%
Laguta ©[2, 3173572 KTaOs Hif D g K1 &t 35 &, AE 51X Ta IS ET Db
HEFNGZDEFTTHY, EEFITBETLDICANEFHBE Lo 2 EfLICER T
HT7VANFEEFRESND.
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Figure 2:Time resolved electron spin resonance spectra of (a)Sr-doped NaTaQs, (b)Undoped NaTaOs.
The temperature was 77 K. The wavenumber, frequency of the excitation light were 266 nm, 10 Hz.

The intensity of the excitation light was (a)0.57 mJ/pulse, (b)1.0 mJ/pulse.

ng_ﬁéM5A%%wmn<f%@Emmww@&xfywam@ﬁﬁéﬁ
TAE 53 2R3 @6&? Z DOHAEAMEIX(2)9 Gauss, (b)20 Gauss TdH 5. Laguta H[3]
WE%ASK 1 % KTaOs Hiftift D g K% L2, KTaOs 80k 1D Ta 23 5- 2 % ESR
BEZEtHET 5L, TOFHERIEILH 500 Gauss ’C%of_ ZORER LTS &

ﬁ%%?%%ﬂtz&%%ﬁ*ﬁé@ﬁméw._Mi%%téMKTﬁ SN
‘mn@%%%%¢%ﬁﬁ@#é:a@mR%%#I%mémnt@k%wéma
NA S —FF T, BEITHEE T %2 AW 72MESR Liouville FFEXIZE & S\WC, HIE
LAY MMVEHBT LT 4T 4 7B 7> CTREADOEEMEIZ DOV T
EF Lo R b Lo,

[23&3CHR]

[1] H. Kato, K. Asakura, A. Kudo. J. Am. Chem. Soc., 125, 3082 (2003)

[2] V. V. Laguta, M. D. Glinchuk, 1. P. Bykov, J. Rosa, L. Jastrabik, R. S. Klein, G. E. Kugel, Physical Review B,
52,7102 (1995)

[3] V. V. Laguta, M. 1. Zaritskii, M. D. Glinchuk, 1. P. Bykov, Physical Review B, 58, 156 (1998)



2P069

IMNETY FF% T 5y TOREERNEREITRY
RIEXARISER L =R EEHROBRA
PN
OfeBIEsk, v ik, i H s

Construction of a small endcap trap and observation of fluorescence

enhancement effect caused by excitation light resonance on a microdroplet
oMotoya Sano, Tomoyuki Yatsuhashi, Kenji Sakota
Division of Molecular Material Science, Osaka City University, Japan

[Abstract] Single-molecule spectroscopy using a confocal laser scanning microscope is a powerful
technique for directly observing the behavior of individual molecules. !!! However, observing a specific
molecule in solution for a long time is generally difficult because the molecules in the solution get out
of an observation area in a short time due to Brownian motion. A single levitated microdroplet in the air
is a superior platform of observing a specific molecule in solution for a long time because the molecule
is confined in the microdroplet. Recently, we constructed a small endcap trap, which was originally
developed by Schrama for laser cooling, ! in order to improve the detection efficiency of photons. The
emission spectra from dye molecules in the single microdroplet levitated by using the endcap trap have
a sufficient S/N ratio with low excitation light intensity. In this study, we measured the time evolution
of the emission spectra in the same single microdroplet for a long time.

[FF] LER LV — =B 2 W2 B— 0 7k, lx 00 +OIR2 % BEiE
BIRTHZLENTEDRINRTETHDH[1]. LLLERL, WERFPOSFI1X7 77
EENC X o THEER O 5 HICBIRIEER HRF 720, Wi T 1 H5F0hzEh
fICHOTZ VB Lt 5 Z i3 —RICREETH 5. Fexld, WBED % 1 01720
G o H— T NI 2 22 B 2R TR R, BFEFRNIC O 0 Wi BE ¢ — 4y FHEl
EITHOZENTED, LWNWIHIBZIZHESEX, ZOEFLZBHL THEEZED TV D.
Bet, MAFZE= Tld Schrama H 12 X > TRAA 4o D L—F—mEIHICERE S 7=/
My Ry v 7 v T w7 2BHELEZR]. o PNV r2 G4 o/Mloe s Ry
7T v NE, R L R LR ORI EREM DAFAE L7\ DT, SR DR A &
RKELTDHIENTE D, LoT, ZNEHOVIUIREXEARY Lo EREBLH 7]
BEIC72 5. AREFZETIE, /M Ry v v 7 T v 7 % vV CE— 0 N&R % 22 [BH
LU, BEERE L +285< LT ERSEM T, R— OB —BUNER» S DRI AT
NV % R R L 7=,

[FE]l =L 7 ho 27 L —ka HWTARL L 72 Rhodamine
B (RhB) & & T e/ NG (RhB OEEIL 107°M, WL A #
=7 ) ') ARBEEL) A/ Ryy v N T
TN K > T L7 (Fig. 1) . 4 S 7z B — 00 Nk
W I VA L—W—Z BB U, YEENEEEEDS 2 mm D%

. o A " . _ Fig. 1. A single levitated
LA (NA0.8) ZHW TN ORI ERE L. Zh microdroplet in tf:/e air

Z B H) CCD B HER T S W ENT D 2 & THUNKIEIZ  using the small endcan trap.
EFEND RhB D DFEIARY RV ERIE LTz,
[ - 28] IV Fxv v 7 b Ty FIXEEN 0.7 mm DAT LAY A ¥ —



EAEN 318 mm, REN0.7mm DA T LV AF =
— T THRINTWS., ATV LATAL Y —L AT
VLV AF 2—T X PTFE F =2 —7 Tt ST\ 5.
ATV ATA Y —IZHHE S L < IZIERHE 2 FN
THZET, MPWVWEI AT U LVATA Y —DIZ
KTy TIRT R VBB LT,

B — U N ISR TE L 72 RhB 2D DFEHE AT |k
JZIIEN DB S D . 23, 8N O
LI R UTEE T RhB 7B O N 2 2 L,
HIRT 5720 THS (Whispering gallery mode). Mie
ORELE R Z WS &, BRI 2 IRE TX, UMK
HOBEREEEICRET DI ENAETHD.

RhB % & ek DN AT hvz 3 Fo[ke
HRIE L7z, Fig. 21%, 1BEOREERHEr L&
F L, HIEORMBGEIZR L CERMICER S iz
HHART MVOFESBELZ ey NLTEbDOTH
%. Fig.2 ZR5 &, 3 DOFFMEIIZ BV TIHOLR
FENRFELIHERLTWDLZ ENGNnD. B THA
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Insertion of Co cluster ions with adsorbate molecules into He clusters
- for the spectroscopic measurements of cluster catalysts

oHideho Odaka', Masahiko Ichihashi
! East Tokyo Laboratory, Genesis Research Institute, Inc., Japan
? Cluster Research Laboratory, Toyota Technological Institute, Japan

[ Abstract] Spectroscopic measurements of cryogenically cooled metal clusters with
adsorbate molecules are very powerful to understand the electronic and geometric structures
of the clusters with attached molecules. We are developing a technique using Hey to cool
down the clusters, and this time we have a plan to apply this method for Co,, (NO),. To this
purpose, cobalt cluster ions (Co,,", m = 3 — 5) were allowed to react with NO. As the results
of the multiple collisions, sequential adsorption of NO (Co,,'(NO),, x = 1 — 3), and NO
adsorption with Co atom release (Co,.;'NO) were observed. Mass-selected product ion
Co3;'NO was allowed to collide with helium cluster Hey and cluster complex (CofNOHen)
was detected.

[FF]l &80 7 A% — LTt Z (b SHE 2 B 5 M3 5 72121, 3L BIE D
#ﬁévﬁjﬁii/ﬁfﬁpé FriZKHRH TiE, IR mE L7250 %%ﬁ%? TAR—%
WD Z T, g TWET 7 AKX —DF %‘*%L%’ﬂ%ﬁ%a_ CREHT DR R A S D
TEMTED, ZO—DE LT, W IWEI TAZ =%~ TLT TAZ—~TD A
FHDLFEREZOLND, BAITRE, —BLERZWESEZa VT TAF—
A A2 Con NO), AR L, ZNEANY T LT T AKX —Hey [ZEDIAFHD Z EITA
DyLiz, ZZTIEZORMEICEL THET 5,

[=ZBR] EBEEOME S Fig. 11081, 2/ R T AX—A F 03— —3&
FIFZ LV AER L, NV U LAGEEG - LK== 2@l L QP R VX — D016 %
M-, fo < MEMRE EEDZRQMS) Ta L b7 T AL —A F DY A RETED] L
7L ﬁé ﬁ&“{ t % 7%‘: /; He cluster
M—t % {Iﬂ‘lﬁ =Lz ﬂﬁg lC(: L ggtgﬁ?éz rr?alézds?lreftfr OPIG QMS A pulse valve
Ea LT, OB o source (OPIG)  (QMS)

¥ a2 Do D ) _o._:..;.o —— J\ Quadrupole

— L) deflector
QMS TR L7-1% ‘ === N/ (QDEF)
(. Mg He q” -
\/ &\\ - (QDEF) = H g . cell ! (collision
WTCINMRA A A 1.” region)
HA KF(OPIG, fEf%< "m
)W, — S OMs
T~V LTTA D‘ u
A —% 16 K IZmH) Se{:ortldary
L 7o R /v A Fig. 1 Schematic drawing of experimental setup. ; n?uifiéﬁtér

NIV T NN T (SEM)



LZRGEE 99.99995% LA )& 1 LJE 4 bar, 7~/L ANE 35 us THIH SH 25 2 & THERR
Lizg 2TONV DAL TAX—DE—LEZAXT~—I2L 00 H L=k, E2EaEi~
BA LT, 2 20— LD LE L5600 OPIG [Hifit/ A 7 ABEALIZ &0 4
L7, AMERICEVER LY 7 AF —HEEEZ 3 2500 QMS & AW TE&ES5HT
L. “WREHEESEM)Z AW TR LT,
[#R - BR] 2NV TRE—AF

Co, (m=3-5), &4 10° Tor OD—fR(LEHX 4 = I ()

il Li-GkEemL oA 4 8§ o~ 2 Sl

ISR ORI IR & Fig. 2 (TR d, Cos' 2> o T i %

SIEEIC NO R ZXW A L T2 Cos" (NO), (x = 1 N o o

1 = )R LTz, Coy 751X NO DA 1B 28 & &

o Ta L NRFERH L Cos'NO, 8 | 1 S SH S

L UYNO 2N HAIAS L7z Cos NO B EIZAR

L7z, Cos DZATIEINO OBRMAE LI = 0 @)

ANV NRFOREEE o CoNOL 5 S =)

C03+O\IO)2\ C03+02 M EARI T - T, C03+\ E B O """" 3 """"""""""""""

Cos'\ CosMBBLNIUSERMBEAA ¢ 1| B A o

VEREIC G0 B BRI, £ 020,093, £ | & GRS

097 Thot, ZHIT 1 BIFEOHKETHDL © 4 0 SP

NSO ROBA Z L < ERL 0D, ©

SRIEEEORE R T Cos  Co IBNT, v g

| MEfEEECRALNRP-ZNOAER | S 8 S

W& LT AR 5TV D, ZHUE NO 1N SE.. %

WA\ P> THIIN L =N = f L ¥ —% 5y 4 B N = g ,,,,,,,,,,,,

T L OBMEIR I Lo TERILEEZ i 48 ] S

LV EROBMRER L EELL o SR 8-

No, ZNHOFEROPT =
Co;"+NO > Co3'NO (1) Fig.2 Relative intensity of dominant products of
Cos" +NO = Co;'NO + Co (2) (1) Co;" +NO, (2) Cos" + NO, (3) Cos’ + NO.

DROGATRIND L 92, B

ST TR AR N E L 1|0 10 20 30 o

T, AlBgoE ko T T

T ORERIED AR 2] n of Co; NOHe,

N7 RMCEND ARERHD S

=, SIS ENEICEITS €

Bk % & LC BT, o 3 h

SRIZETREN RS EV B ]

Coy NBAER LT CosNO 2~U o ] ?

U 52 T AK—Hey LS H, © u

fERELTHELNTEY T AL —

AR Cos'NOHe, DEEA Y

RV % Fig. 3109, Dlal L 200 220 240 260 280 300 320 340 360

30 fEFRE DAY T LA Mass number (m/z)

B ST, A%, fFONT27 T Fig.3 Mass spectrum of Co; NOHe,.
AL —GE R E TR
BERE 2384 5 3L, tMORINERM D7 7 A —EEEREGOND L HI2T 5,



2P071

5 U TLBHE bS5 v TERE E AV E— IR T o R i
VEHBERG - AR PEEBEX -
OWEF 3, ILE A4, JLr S, &R Hith’, R bt

Rapid characterization of single catalyst particle by using tandem
electrodynamic trap technique

oAnna Shirono?, Shuto Ebara?, Takaaki Eguchi®, Hiroya Asami?, Jun-ya Kohno'?
! Graduate School of Science, Gakushuin University, Japan
2 Faculty of Science, Gakushuin University, Japan

[Abstract] Activity of catalyst depends on the composition of their multiple components,
which motivates us to develop a rapid evaluation method of the catalysts under a precise control
of their composition. We reported previously a development of a tandem trap apparatus to
measure the activity of a single-particle catalyst and the catalytic activity of gold-supported
titanium dioxide particle in the tandem trap apparatus. The Raman spectroscopy was used for
analyzing the material composition. However, observation of Raman scattering light used for
structural evaluation of titanium dioxide had problems in sensitivity. In order to measure the
Raman spectra of the small particles, it is very important to suppress stray light originated from
the Rayleigh scattered light. Therefore, in this study, Raman scattered light was detected with
high sensitivity by using an objective lens. In addition, we succeeded in observing Stokes and
anti-Stokes Raman spectra of titanium dioxide.
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Applied potential dependence of MoS2 nanosheet photocorrosion
oYuzu Kobayashi?, Kazuya Watanabe®, Toshiki Sugimoto? 3, Yoshiyasu Matsumoto*
! Department of Chemistry, Kyoto University, Japan
2 Institute for Molecular Science, Japan
3 JST PRESTO, Japan
% Toyota Physical and Chemical Research Institute, Japan

[Abstract] MoS; has been attracting much attention in applying to optoelectronic devices
and photocatalysts. This is not only because it is a visible light responsive semiconductor, but
also it is a layered material that can be easily exfoliated to produce a single layer. However,
photocorrosion of MoS; in water limits the practical use of MoSz. We have investigated the
effect of applied bias voltage and electrolytes on photocorrosion of single MoS2 nanosheets,
by combining electrochemical measurements with microscopy. By applying negative bias
lower than —0.13 V (vs SHE), we succeeded in suppressing photocorrosion in water.
Moreover, we found that Na ions in electrolytes also suppress photocorrosion, indicating that
adsorption of Na ions at active sites increases the activation barrier for corrosion.
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Infrared photon dissociation spectroscopy of
Pt3(H20)m" in the gas phase

oManami Abe, Satoshi Kudoh, Ken Miyajima, Fumitaka Mafuné
Graduate School of Arts and Sciences, The University of Tokyo, Japan

[Abstract]

In order to obtain information of geometrical structures, we studied Pts(H20)m clusters by
combining infrared dissociation spectroscopy and theoretical calculation. In Pt3(H20)4 * clusters,
we observed intense absorption peaks corresponding to non-hydrogen bonded water (3510 cm’
1~ 3780 cm™) and very small peaks of hydrogen bonded water (3060 cm™ ~ 3200 cm™). We
were able to identify the possible structure of Pt3(H20)s" from these observations. A main
isomer comprises four water molecules directly attaching to the Pt clusters. Other isomer with
three water molecules directly attaching to Pt clusters and one water molecule forming a
hydrogen bond co-exists, but the contribution is very small.
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JLEEHRAE R bk

KOFES T FNF =B KEL, KT OMiEE
DB N2 T 24 —@ IRPD 281135
728912, ArlH0/He I &Y U T W AZE A
L, WHEIT5ZET Ar 213551 T, Pty(H20):2
Arn* AR L2, Ar OBEEZ BT AZ 812
Lo TIRPD #157-L24, KFHEAEZL T
PRVNKDIFEE RS, 3580, 3680 cm™ (DI
E—InEbNT. Ak, KFERHE L TW
LHIKOGHEEFRTE— 7 OMEETEREZIT
VY, FHRERLELLADE TCZOITIAT—
DOREBEIZOWCRELL T .

[2Z 3R]

[1] Christian Kerpal, Dan J. Harding, David M. Rayner,
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Chemical Stability of 3-5 Group Transition Metal-Encapsulating Siis Cage
Nanocluster Superatoms on Organic Molecular Substrates
OToshiaki Kamoshida®, Masahiro Shibuta?, Tsutomu Ohta!, Hironori Tsunoyama,* and
Atsushi Nakajima'?

! Department of Chemistry, Faculty of Science and Technology, Keio University
2 Keio Institute of Pure and Applied Science, Keio University

[ Abstract] The chemical properties of metal-encapsulating Siis cage nanocluster superatoms
(M@Sis) can be controlled by changing the central metal atom due to the nature of
68-electron shell closure. Specifically, when the group 3-5 metal atoms are utilized for the
central metal atom, they respectively show the halogen-, rare gas-, and alkali-like behaviors.
Here, we have investigated the chemical properties and chemical stabilities for the series of
M@Siis (M = Lu (group 3), Hf (group 4), and Ta (group 5)) by X-ray photoelectron
spectroscopy (XPS), where M@Si1s are mass-selectively deposited on n-type fullerene (Ceo)
and p-type hexa-tert-butyl hexabenzocoronene (HB-HBC, CesHes) Overlayered substrates.
From the XPS analysis, surrounding sixteen Si atoms and core metals of Hf@Siis and
Ta@Sis have a uniform chemical state, both of which are stabilized by charge transfer
interaction with a Ceo molecule. On the other hand, Lu@Siss is stabilized by a favorable
charge transfer interaction with the p-type surface on an HB-HBC substrate.

[FF]l @mpa ) av =29 ) 79 22 —(M@Si) L (M & 68 &
TP HR T D BIR AR L EMEEZ A L TRV, 3 (M=Sc,Y, Lu), 4% (M=Ti,
Zr, Hf), 5% (M =V, Nb, T)O&RFFAZNET5HZ & T, ThEh w7 bk &
HARR, TN ) GREOCFHMEE 27T = £ B AT 5, M@Sis 2 Hiihk
BEMERTEL S L ORI 5 LTk, S0 2 IS L2 LB R & O
VEF % RECHIC BT 5 = L NEETH 5, AN CILEB K L7 3-5 € M@Sis
(M = Lu, Hf, Ta)Z n BB LV p HOAKF-ERTHL 77— 1L 2 (Co)B LT
hexa-tert-butyl hexabenzocoronene (HB-HBC, CesHes) 701 4 Z:Ak FIZ7%55 L. M@Sis D
b AIRAESS & O & DA MM & X BT 750 (XPS) & FI U CAFA L 72,

[3£BR] Ceo 35 X OV HB-HBC Efiix, 1L Lo mBemtEEyfE 7 7 7 7 4 1~ (HOPG)
T Ceo & 243 FJE(ML) % 721 HB-HBC % 5 ML 7857 % = & TIESL L 72, M@Si1s (M
= Lu, Hf, Ta)lE, ¥ 7% hay 2y & F ) 7 5 2 & —4 i E (nanojima®-NAPOL:
7Y R[N L > T MpSim 7 7 A X —A F o KT TAR L, UEME RN~
1 VB —% il LT M@Sits DA A LD B2 it S HHMRUC 0.6 ML ZRH L7z, 728,
ARERFICRBITA M@Siw 1 A > DFARA~DE LR )L —X, VY7 T LT
FHS 572012 0.3 eViatom LA FIZHIAH L7z, Z 0kl &2 H2Z—H T XPS (hv=1253.6
eV) T AT ACHEE L, BFWEOFN 21T - 7=



[#EH - &) Fig. 112 Ceo4E  Group 3 (halogen like) Group 4 (rare-gas like) Group 5 (alkali like)
W EIZHRAE LTZ 35 [RGB |u@si, g | [H@Sie Ta@Sis s

Si2p ; Si2p i Si2p

e, M@Siis (M = Lu, Hf, Ta)# /5 2Py ‘ﬁZpaq 2pan
D XPS A7 MVZERT, Si {1 o A A
2p BEO'M 4f [ZHKT LN ANS

R VENL D B — 7 DS (2 B ——

SN L. & M@Sis 23
Ceo THIEIEAR I B E(h S 417= 2
EERLTWD, ENENDON
FRUENLIZ DWW T, XPS dED
TREE & A ¥ EIE 7 R D X it W\ Wiy
TA—LZEMNTT7 49T 4 15 B‘Id"1bl V's B‘_d_ N :
I\;(;Sii:—;;i?%&b;%i\\gzgg Fig. 1. )?PS S?)Z((Ztré)l for M@Silj, (Mg:)II :_u) |_,|f 'Il'a)' oh I%,BO IS:E;trla)tles.
FIIH—DLZRER L > TWVWD Z LR E ., M@Sis
DR ElC 7 — Ui E R o T RBEE THEB L STV b
ZERbMhoTo, Si2p DE—ZALEILED M@Sie BN
VT OfEQ ) & —F L7z, £7-, Ta BLPHF4f OB —
INENS, FNENOHLEREIT+H fliodRREE & - T
WABZ EnbhoTz, - T, Hf@Sie 3 L Ta@Sis 1%
T T A —2RE LTHL fliOEMIREEL L > TV D
EEZ NS, Fig. 21X M@Sie A &R ICHIT5H Cls N .
TRYENL D XPS A7 RV ToH D, Ceo IZHHKT D E— 71 E?:ding ey (@)
WT D M@Sie D7 F IV T HARFME = R L F— I
V7 KL, ZOE—27 7 FOFHEMERHEIL Ce 237 Fi9- 2. C 1 XPS for M@Sise
FH1OZITRA-ST=Z EE/RLTEY ., Ta@Siis <> Hf@Sis deposited on Ceo substrates.
MERELTHL M THLIZEBEZXDHE, T Ceo & 11 1 OFEMBENEAK
(M@Si*Co0 )ETERT D Z EICEVZE LIZHEEREEZ L > TND EEZXZLND[2].,
—J7. Lu@Sie DZAEEIZB W TIE, CeolZHKT 5 C 1s DB —7 27 Mt & [FlEk

12, CoMEFZZITMDZ EHERT VT MERL, Ludf O — 7 (ZI3BbE D&
B BT Z L B (Fig. 1 /£F), Ta@Sie. Hf@Siie & 1572 ALK HE T Ceo FEAK
FICHFEENTWD Z ENRBENTZ, L, a7 O Lu@Sis % n Lo Ce
FEMIZAE L TH. 68 BHHD Lu@Sis AA A & LTHETE W=D THS &
EZzbNhb, 2T, Lu@Sie % p BOME % ¢ > HB-HBC 4y D FEAR IZ 785 L
7oA, Si2p L Ludf OB — 713 Ceo FRDEGE & g L TIR= L F—ffllz > 7
F L. Lu@Sie EENABRMAEF O CNDSZ &R Lz, 72, HB-HBC #H3ED C 1s
E—27 U7 NI, Lu@SislCE T 1 2= E L2 2R LT, 3725, HB-HBC
HREHND Z EI2X 5T, Lu@Sis % 68 PO AA A E L THETEXHZ L
Nohol—, ZHHDOREIL, M@Sie DLFEMEOHIEIO T, Ktk & OB O
SOBREEEZ T, AMEREZRINT L ENREETHLZEE2RLTND,

[##E] HB-HBC 73 I3 E T R P OEHFBITEIRICRE L CHEE L, 221
WEERLET,

[2% 3Cik] [1] H. Tsunoyama, C. Xhang, H. Akatsuka, H. Sekiya, T. Nagase, A. Nakajima, Chem. Lett. 42,

857-859 (2013)., [2] T. Ohta, M. Shibuta, H. Tsunoyama, T. Eguchi, A. Nakajima, J. Phys. Chem. C. 120,
15265-15271 (2016).
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Evaluation of the stability of supported metal clusters.

oTakaki Onishi®, Takane Imaoka®?, Kimihisa Yamamoto*?
! Laboratory of Chemistry and Life Science, Tokyo Institute of Technology, Japan
2 JST-ERATO, Japan

[Abstract]

Supported metal subnanoparticles (clusters) with a specific number of their atoms
occasionally exhibits high catalytic activity. This is a reason why atom-precise synthetic
method is strongly demanded. Stability of these supported clusters is another important factor
for catalytic applications because such specific activities has lost by unfavorable leaching or
aggregation, however, none of the previous study elucidated the stabilities at subnanometer
regime. For instance, melting point, which is one of the stability index at nanometer regime
cannot be applied at subnanometer regime as cluster is amorphous. Then, we suggested
fluxionality of clusters could be applied to new stability index.

Phenylazomethine dendrimers (DPA) as the template for the cluster synthesis has a
significant advantage on their flexibility of the size scalability, accuracy at atomic level and
capability for large-scale synthesis. The fluxionality of graphene-supported clusters
synthesized with this method under electron beam radiation was evaluated with high
resolution STEM by analyzing atom dynamics of the clusters statistically. It is revealed that
the fluxionality of clusters can be evaluated by analyzing the atom dynamics.

[F]

&Y T F R (7T A X =) HEHRBLEE O RUR BT L0 R8O Ty iRt
EEEZRTZENH Y, TEZOBIRMREMIENER SN TWS, —J, fillltl L
TOFIHEZEZ 5 L, KiFOREMNILX, FTOIEEETATEN-fgEE L COERRE,
FCH DN, 7T RSB T D HEERR T O EMIT 2 R STV, B
ZIE, TR OW TSN EMZFHE T2 1 SDEE 7250, TENLT 7
ZNEED 7 T AL — IS E WO FREITEAREETH D, AHFIETIE, 7T AZ—
DLZEMNERTIIEL 720 9 DMEMEIZ SOV CiEim T 2.

T VT Y AF T R = —(DPA) &SR & Uiz 7 R - O 5 Rk
B, BTEMN, BEBMELEERA T — V2R o720, KRERT ANV T —U %o
TWBH ZoF o P ~—RARIEIC LV EONEEFES T 7 = VBRI
W, IR IE HAADF-STEM O RS T2 1 2B E 2 Mt I L 0 E
mib L7e, ZOWmEMEE, 7 7 A —ORENETMT DIRE L D Z ERBE I
776



(5 (26 - #ie)]

DPA (25t L T 28 %804 & RiBRA
ZINZ CEEER S, e aEaibik
&Iz ﬁbf 60“5'0) NaBH4 TiEJc L,
graphene (2 1 ¥ 9+ %5 Z & T
Mgg/graphene &R L7 (Fig. 1) .

BEWT, 1567 7 A2 —DHHEK
kT o E® &, ILE M IE
HAADF-STEM Z#H W ik L 7z, &
728, 500°COEM T T A X —|ZThNE
WVER 20t U, BRI DT T A X
—DORBENE L O B DO LD
T*ﬂéﬂ—f L/f:_o

B, B ENTZT T AX—NDJR
%@,~ MEE T CcoES %
HAADF-STEM % FWC#IE L 7=,

[#EFR - B£]

DPA Z#l L L TR LTZY 7 A
2 —DRi %, STEM Z W THIE L
776 Pdag, Ptag 7 7 A X — DY PR 48,
BB AN ZF N F L 1.23+0.36 nm,
1.04+0.33 nm & 720, Vﬁ@ﬁwwu%
B NESNT-Z D, 7 TFAX
— YA REIRIZE RSN &N
otz (Fig. 2) , fWTC, oz
7 7 AL —DOHEMKETOEE %,
HAADF-STEM % W CEEf L 7=, B2
T, 500°CHNEA%Z DRI T34 D5, Pdas
7?/'%7 T227+1.31 nm t 720, ki

DUFENHEIT L TWDH— T, Pt
7 T AKX —"7T1%1.03+0.34 nm 720,
EWEZEMZTRTZERHLNE RS
7= (Fig. 3) . 2O DLZEMEDEN,
7T A —NDRFO#E)E 07 I (T
RILTWB EREL, £DOJRTDHEjX
% HAADF-STEM THIZ L7-, 7 T %
&—W@E%ﬁﬁb<ﬁ@bfwé—
b5, 7T A —NDJREAIIFZ0IT
B L TV DEET &R éﬂt(m
QOLtﬂOT,W?725 EERYN

EToLERDERT, 7T AL =N
DIFFDOEE DAIZER L TWD Z &3
REE T,

[ZE 3]
[1] Yamamoto et al, . Nature 415, 509-511

(2002)
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Fig. 1 Synthesis scheme of Mys cluster supported
on graphene.
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Color changes of Hydroxocobalamin based on radical reaction mechanism
oKobayashi Kenshiro!, Takara Ayaka', Shimada Yohsuke!, Otsuka Yuta®, Goto Satoru?,
L Faculty of Pharmaceutical Science, Tokyo University of Science, Japan

[Abstract] Edaravone (EDA), a free radical scavenger, has recently been found to have an
effect of suppressing the progression of dysfunction in amyotrophic lateral sclerosis (ALS).
However, no other antioxidant was found to be effective in altering ALS progression. Finding
features that contribute to the therapeutic effect of radical scavenging reaction of EDA leads to
identification of improved candidate for ALS therapeutic agents. In this study, we examined the
reaction of various antioxidants, including EDA, to characterize the reaction of antioxidants.
Since Hydroxocobalamin (OHCb) which is a metal complex coenzyme has a variety of reaction
mechanisms, color changes based on the reaction mechanism of antioxidants were expected.
UV-vis spectra of OHCb reacted with antioxidants were analyzed. Some antioxidants shifted
the isolated peak of OHCb, while other antioxidants including EDA did not shift the peak.
Observed spectral changes reflected the reaction mechanism of the antioxidant. Therefore,
OHCDb may be useful for determining the reaction mechanism character of antioxidants.

[FF] Edaravone (EDA) (%, MMEM%E D EREER T THLIHEERT VNV EHET
5 Z T, M OB LIRS & ] 3 2 IMERER T 5. EDA IFUTA, TRIEINEE e
I ZEAE IR SR LAE  (ALS) 1281 DHERER E OMEITIIHNC LR H D Z L B3R
iz, LoL, 7V BEEEEE S OO E IZIZREEORITRH S
TV, EDA DT ¥ HWHEIZOWT, IGEIRICHEGT LR 82 T2 &N T
XL, ALSIBHRIEOGEM L R oM EZ FETE D LB 2T,

& IBIEATEZ TR RIBALIE T A = A LI L A HELHENE LoD, HEORIG
BEFPIRF IR U C R s OB BIl SN D Z E NI S D. BEX IV B ZE
K Hydroxocobalamin (OHCb) |XFHEH 72 Bl 2B T o & EmEsAfiEE TH v, bt
BIEME L ORISESEDHZ LT, ARHZENORKICEDRFEDOTNTEL BT,
Fex XN E CICEEOTFREWEIZOWT T VNS BB 2T L T 72[1]. £
ZCABIETIE, BT AHIRIEWE % OHCb [t &8, TOEOHELZr Lz, &
T VHLIRRE'E 13 EDA, L-ascorbic acid (ASC), L-Cystein (CYS), Trolox (TRO) % f 7=,

[F&E] =7 v tmEHFE T O
OHCb DIEA AT AT bV,
Koo mH )= =28 M, SR
AR TRRRFICHIE L7z, A7 b Zor f
D — 7 581X, Microsoft Excel @
solver Z HHWTH 7 X (1) (27« )
T 4T LT T 400 450 5160 . 550 800

L (X A )2 Fig.1 Visible absorption“sa;g;%lm (I)Ht?OHCb solution

Y=Yt Z Aﬁ EXp % (1) and its Gaussian fitting results. (continuous line)

i=1 20‘i calculated, (broken line) experiment.
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Fig.2 Spectral changes of OHCb under existing of Antioxidants: (a) EDA, (b) ASC, (¢) TRO, (d) CYS.

[#ER - Z£]

OHCb HJHAZ hL D ZFERIy AT MV DA E RS, 0E (n) ZRE
L7z, AIRSEIROWINT 3 s DR SN D Z ER LMY, ©—27 pBEDRE
H, BT OWEEIZZENZEI M =527 nm, k> =495 nm, A3 =471 nm T&H > 7= (Fig.1) .
EDA f#{E FCiX OHCb HikD 3 RSy D58 EE LRI U CHEBIEAIIC D LT
(Fig.2(a)). Z4UiX OHCb 28 —IRISTHfiRS % Z & 2R L7z, ASC F7+7E N T b I
F% 5y DR [RARIZIB U723, 3 1L EDA f77E F L W H R&E -7 (Fig.2 (b)).
TRO 7#4E F ClE, M 2% OHCb H3E®D 526 nm 75 531nm (2L > Ko7 k L7z (Fig.2
(©)). CYS TF(E F CIEUSBIRIER DM 28 534nm TH Y (Fig.2 (d)), SULBALAE, H
Hicby Ry 7 EREZ-=EB 2o,

PLEXD, Ly R 7 FOEZ -7 TRO £ CYS, 7 FOEI 5725 -7- ASC &
EDA (22U T OHCb (2% 2 SOSFEENHPME A B L, 22l dbdm7 2 KOG
BRSNS 55 2 L BIRIB S Tz,

[2%E& 3]

[1] A. Takara, Y. Shimada, S. Goto, et al. J Photochem P hotobiol A Chem 333:208-212 (2017)
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Oxybuprocaine Incentivizing the Enhancement of the Observed Solubility
of Piroxicam Beyond its Peculiar Supersaturation

oMomoko Fujital, Yohsuke Shimada !, Yuta Otsuka!, Satoru Goto!, Katsuyuki Inoo?
! Faculty of Pharmaceutical Sciences, Tokyo University of Science, Japan
2 Teikoku Seiyaku Co., Japan

[Abstract]

Transdermal administration of piroxicam (PX) and meloxicam (MX) have been attempted
because of having serious gastrointestinal problems when oral administration. However, by
having low membrane permeability and aqueous solubility, they require absorption enhancer
for transdermal administration. Oxybuprocaine (OXY) which is a local anesthetic, increased
the membrane permeability of PX but not of MX by mixing into the transdermal patch (WIPO
patent 2011074565. 2011 Jun 23). The calculation of the permeability coefficient, there was
little difference between PX and MX. Therefore, we focused on the aqueous solubility as the
concentration of drugs in the patch base is related to permeability. In this study, the aqueous
solubility of PX and MX in the presence of OXY was measured and found that OXY
increases the solubility of PX specifically. It was suggested that OXY increases the
concentration of PX in the patch and increases the membrane permeation amount.

(]

ROBGICEDEERBERZ b OIEAT oA RHEFIRIESRK (NSAIDs) Ot % v
715 (PX) MOMA B XU L (MX) 1T, REEGNRAALN TS, L, R
FAZIIKREEME & OB EME MR Z & D WIEEARI OB SR RD BN TWD, ZD
— i & LT BRI RATREEE (LAS) ThEHAFTTFualiA v (OXY) AT
% & BEEEMEN PX T EH MX TIHME T4 2 Z s SnTunall, L,
OXY T & B gt O BRI R D A B = X AIFH S TRV, TR S, BID
NSAIDs % LAs LIRAT 5D Z &2k 0 BKMESAKIBENELT 2 Z ERMEINT
72231 OXY & PX 0 MX 12k L CRIBRO IR Z R L TWD EE 2 b5, Bk
PeDFIE L 72 H BRI A B L7 & 2 A PXEMX TEIZHROLNR N -T-T20,
LI BT AP B T D PX O MX ORFREIIKTFET D5 B2 55, % 2 TPX,
MX OKIEMEIZXTT % OXY DOEEIZHWTHER L, AT, SHIc3ESE
72 LAs OREIZOW TR EEEL L, OXY MEFRMIZ PX OfEZH M2 M B35
RN DWW TR LT,

[ 5]
5mM® OXY, U RKBZA> (LID), T FT 4> (TET), KO 71> (DIB)D 4
PR ORI AE pH 6.9 U V) b U w7 AFEER (140 M) ZHWTHREI L 7=, PX, MX
DIEFRIEE DOWEIX, FEEIR L O LA TEHRIC PX £ 7213 MX 2@ &0 %2 . 0~500
BRI CIRE L. B o=t 7 e o\ T HPLC & v iz,
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Fig.1 The solubility-time profile of piroxicam (PX) and meloxicam (MX) in local anesthetics (LA) solutions

[#5F - B£]

PX 1% LAs FEFAE FIZHB W T, 1.5 mM £ TEGEIZIFAE L, 6 BRI LIS IX G 2 12
BENMETT 5, fafnoZE#z /R Lz, £z, PX OEEKYRE S IZIB W TR HEE 2
KA (6FFRE]) 23T 2 F THEMN AL EE DR & LGB S S,
ZOHE AR, X BREPHAE EBEERE LD PX — /K Th o7, FREEmIC L
S TEHELNT PX — KR OVEIEEE ORI L ZHIE LTz & 2 A, 24 Rl & TR
N EF U, ZO%EERE 0.6 mMIZINR L7z, — 5, MX iTilfafnz R & o7,
MX D gl i S OV a8 FE 8 PXAZ T < L MX 350 TN DO FEREATE 1,5 Bl SeeeO #H
HERZHT 28, Zofd MX ITEKDfSEE T PX X0 biEREEEREL ., i
TARFYFERZER L THZ U XA E—ORAD I T 2V =0tz = S
inolzbBEZBN5, PX IZ0THNMHAEEHEZT A ENTE WD, 2-E UV
=I)VERy DR Z R REIZ T 5 05, IR L7- PX 7 FIZEFR ol & & bloKky+ &
AHTAZ LT, EAYRERLD L 2L E—DIRW— KA R ETERT D 2 &M
HERITX 5,

LAs {77E FIZ3\W\ T, LID B O R T PX R Oifafns & ooz
(Fig. 1a), OXY % 500 KffHI LA RIZIWT, BAFEITKEMELY BRI 7225, TET 13
TR 2P S8 vo 72, DIBIZPX & MX EHLHI2BWTH KE L AKEMHEZK TS
B, HATAFE L 0, TET 1IN ZFE ERLS 2V D, DIB O X ) 12K EM %
KFsE B ARoOFEBRFERLE - LEZ, L2rL, OXY X TETX°DIB L3870,
K7 PX OEPED ) FEVEN AW ENT-, Z O%EIT PX OfEHEEATH
D MX TR BN o772 (Fig. 1b), OXY L PX 20 Fiik L TW\WH & X2 6
iz,

[#&55m

AWFTE LV . PX 3SR AR ICEfaf L -2 LB LM E R o7, LAs
(% PX F5E OB Z Ml 20BN H 0 | 72> TH OXY X PX OKIENEZ BAZE 121
IMEET2, Lo TOXY 13K TH DR FIZEAI~D PX t5fif g% LA S® 5 2 & T,
PX OfEE &2 IS w7 LRIz,

e BEN
[1] A. Katayama et al. WIPO patent W02011074565 Al. 201146 H 23 H
[2] Y. Nagao et al. J. Am. Chem. Soc. 120, 3104-3110 (1998)
[3] R. Tateuchi et al. J. Phys. Chem B 119, 9868-9873 (2015)
[4] Y. Shimada et al. J. Mol. Struct. 1155, 165-170 (2018)
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Theoretical study on mechanism for controlling hemoglobin function

by allosteric interaction with chloride ions
oYume Takahashi?, Ikuo Kurisaki'?, Masataka Nagaokal?3
! Graduate School of Informatics, Nagoya University, Japan
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[Abstract] Since oxygen binding affinity of Hemoglobin (HbA) is repressed under presence
of chloride ions (CI"), interaction between HbA and CI™ has been supposed to stabilize HbA in
T state. To explain the mechanism from molecular point of view, the two hypotheses are
proposed so far: one is site specific interaction and the other is non-site specific interaction.
However, it is not determined that either actually works. In this study, we employed molecular
dynamics simulations for HbA in KCI solution. We examined frequency of contact between
Cl~ and amino acid residues in HbA, and also the effect of ClI~ on stability of T state.
Considering ClI~ dependence on these properties, we address to clarify the molecular basis of
HbA functional regulation of Cl .

[FF] Feilis % v N EAT 7 0 B Hb)DOZEIL, ERSFoT7a 270 v 7|
HEBREST HT2DDNRTH A LETe->TE Tz, Hb OBERERIUEM X, O i & Bk
DRV TIREE L O fE A BIAMMED BV RIRREICHK ST HfE SN D, O TIREEE RIR
REDAHXTRY 7022 @i\ 0, °CI EWVWon e [(TaRAF Y w7 e 272 H—]| T J;D
il XA B[], . 021 Hb O ~LIZ TR R IZHEAT 52 & T, Hb IZ
PR %H&@%ﬁ% éﬁ’é EWVWIEBZFDILS ZIFANLNTE T, Lo LFEAIE. 02
k Hb @ [FEEALRFERA) AEAEEHOATEH, FRROIEP G LND VWD HA%E
BTWD[2, 2F D, 021C X 5 Hb OBEREHIEHEREIZ 1T AR R FEAEH O
NS TFEERAT AR A ) A EAE B L TV A AREMER H Y . FEEE. 1993 4E(Z CI™ D

FEERALARF LY ) FE AAE I & % Hb BERERIHE 2
RESNTHBEL CI L Hb 0 0§ A BRI f‘
FERTSELZ 00, T REZZELSED .
B E2FOLEZHN TS, Ueno HITZ O i ©
5% CI™ & Ho L 22N O IEE M & OFMRFR | v
WA EAEH &5 % [4]. —F7. Perutz i1z y @/@\Lys
IR R AN B 2 [3]. EmdEE -
TWARVW(Fig. 1), £ Z TAMZETIZ, Hb 23 ClI- f‘
EFHAEAER T 280 2 BRI HA L, £
[ERALAERAY ) 72D TIEEBALRE LAY ) foe@rb)m‘n

N =P - — 2 L s -
@*ﬁ”ft%”itﬁto I CE A T ARIELTEMES - Fig. 1. Repulsion between posmvely charged
HE B PRE LT, residues in central cavity of T state Hb.




(5 (2B - #i)] T Bk ik A~EZ R E Y ,
(HbA)(PDB ID: 2DN2)Z i F] L, Haiefs o572 % 3 i 5,um§. L
SO KR EmM I, EHIEIE MOmMKCL, 1000 ¢ 4 FORE €
mM KCI)Z %5t L7=, AMBER16 % f\ T NPT &/ 1
T(310 K, 1 bar)T 100 ns ®%y -8 /1% (MD)> 2 = L i T
—yarvE{To, HRIZHOWVWT, ko MD ¥R
ab—va AT UEEDORLR D YEIEE S 30
BT o177, o b7V =27 FUZHWT,
Cl= & HbA D& T I/ Wikt & OBl % fifft L
Tmo FTo. X BREESEAEIEAEAT CREDILTZ T RBE HbA Fig. 2. Spatial distribution of CI .
KO8 R IR HE HbA #5(PDB ID: 2DN3)IZ 5t % fR#5)  Locations with density > 0.001 A® are
. o L. i o (drawn with red wire frame. The
—RZANL(Root Mean Square Deviation: RMSD) % &5 residues with high contact frequency
L. KERFIZI1T 5 HbA OMEEERS 2 H)E L=,  withClI™ are drawn with sticks.
[FER - B2] 9. AEHREK 140 mM KCI TO CI & (A) reference: T state HbA

HbA DT X/ BRI & ORISR O~ G, Hfilt 204
BAFE DS EEIG R 7 REOFRIEEZFEE Lo, Z DOREE.
HDZEIRN O IE AR AS Cl & W CTREfili4- %
Z Lo T2 (Fig. 2), Z OFERIT AT [3,4] T &
Nl THE—8T 5, RIT, 2O THHOFKRIKIZEB L,
PEMRBEIE O CI R FEARTEIE 2 MRAT LT, T OFER, b
22 DRI E T DT EIRERFEDN /N E W E 5y
FEMMB R SNT, £z, EBRIZ K - TROH L7z HbA
~O CI fEEEIE 1 > ThHM[5]. HbA IZxt7 5 CI-

we
¥

>

35 mM CI™
140 MM KCI
= 1000 MM KCI

frequency [%]
&

[N
o
1

PR DFENT 22 1%, FHLL B CI™ 2% HbA Hih %2 RMSD [A]

TN OFEIE & Befitd 5 = & SR Sinde, Bl ko Z & (B)reference: R state HbA
B, Cl” DEBALES BT FE A & A S 72 B oD  ommka
775 HbA ORAREHIfEIC B 59~ 2 FTREMED RIR X7z, ——1000mM KO

W2, BERESMTO TIRRE HbA O R fRHE HbA
(235 RMSD D43Ai gt L. ClI™ 725 HbA OfiE%
EMEIC I T LT L=, ClBE L HbA DOfigsk
BUFEIZIZAOHEBEN & 5 [6], FEEHEEMHEE OB ]
Sik. ClUBENEMT 51E Y., BEMKEREOK W TR
gENElLEND EEZBND, L LERITE.
REDOHEAMZ L, TAIREBIZS RREIZHIT D& RMSD [A]
7B EVWIRERNE LN, ZOZ L5 HbA OFF
FTHFEIL, kTR ENTE 72 TIREL O R REEIZ
S 2WREEERL L 13 E D A T = XL THIBEH STV D ATREMEAS RIS S 7=,

WHI, DEORRLEEBRIOMA TRV ERERBIETATETH D,

[2E 3R]
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Fig. 3. Distribution of the RMSD.
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Comparison study of affinities for a sialylated glycan
among HIV-1 neutralizing antibodies
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[Abstract] Human PGT antibodies are one of the broadly neutralizing antibodies to human
immunodeficiency virus (HIV-1) and bind directly to high mannose N-glycans of the
glycoprotein on HIV-1. PGT antibodies have also been shown to recognize a two-chain complex
type sialylated glycan, and the affinities between them have been systematically examined by
glycan array experiments. In order to elucidate the details of the recognition mechanism of the
antibodies against the glycan as basic knowledge on vaccine development, molecular dynamics
simulations were performed with the complexes of the glycan and three antibodies
(PGT121,128 and 151). The dynamics of the complexes were analyzed and obtained binding
free energies between the glycan and antibodies agreed well with the experimental affinities.
Details of the interaction between the glycan and the antibodies will be presented at the
conference.

[F] b MR T A LV AHIV-DIZK L TEEDOESWIRE T FIHUA TH % PGT
RIX, —REC HIV-1 B ORESX L X TEDT AT X AES Lizm~ v ) — &7l
DO N FEETEH AT 2[1]. Znbomikix, v 7l (N-7'FL/ 4TI
f2, NeuAc) Z&ie 2 REHEETIBEEH (Fig. 1) IZbEETHZ ERHEIN, ZOH
TP IIHUARR TR 722 v, PGTI21 UK, PGT151 HiRDNEIZBFPEA 0 <, PGT128 HT
REIKIFEAEREE LW ERERPIRIN TS (Fig.2) [2,3]. Z OFUK L
B OFEADOEWOHER ZH 50T 5720, Y TAMEAEATINEHEL, Mo
& (PGT121, 128, 151) [FEAANEM ZHEALEIZHES < FIEIC L0 HeigfidhT L7-.

100000

10000

an 4
Gal 6 GlcNAcS

h GlcNAc 2 GleNAc 1
: tgfiy$@é@_ ;

Ho Man 3 o= .
Ga] 6 o% Man 4 1

HN—"HO
HO—( CHy PGT121 PGT128 PGT151
$, NeuAc 7 GleNAc 5 Antibody

1000

100

Relative Fluorescence Unit (RFU)

Fig.2 Affinities of PGT antibodies against the
two-chain complex type sialylated glycan
shown by glycan array experiments. [2]

Fig.1 The two-chain complex type sialylated glycan.



[BHEFE] o 7 VEBEEES R PGTI21 HLiRICRE A
T HEEROME R (PDB ID:4JY4, Fig. 3) [4]Z85 L L
T, BIOFE & HEE T 5 PGT128 KON PGT151 Uik DA 1A
fsnfEE (PDBID:3TV3, 4NUG) [5,6]% My, KyF¥o 7
Ral—yalNickoT, ThHDHRE VT AEEHE
AIUESE O A RS 24572, pH=7.0, 300K T/KFZEfHINL7-
%, ZTHbOMEEHRBIEICL T, ZNEI 50ns D51
/% (MD) 3 = L —3 3 > % PARM99, GLYCAMO6j O
HGE AT T e /T A AMBERI6 TITo 72, BikiLIcH y
DRSO TAEROEAIRD XA F 27 AWML, Fig3 The crystal structure of

,fﬁiﬂj:/a\ E EEI*}I/;AE“__ fg;ky)’ %%ﬁ%% L tt$§2 L7, complex of PGT121 antibody and a
sialylated glycan (PDB ID: 4]Y4) [2]

[FER - 28] o 7 AmEAaHEATNE L PGT121, PGT128, PGTI51 HiiADE AL
DOMD ¥ a2l —railBNT, EOEGERIZENTHIESITIAIURE DS %
REFL TV, Figd ICEBAIRIZEIT 2 P8ISO MR HEE T 9 5 RMSD D R#fH]
ZAbZ 779 PGT121 & PGTI51 Hilk & DA IR TITHESEE N LE L THEE LT
LD, PGTI28 HUATIL, FEFITHESHEE DRSO TN RE N E BRI L NITA
Stz BES Y T2 FOFEE H BT RV ¥F—% MM-GBSA 75 K& O HEIR B & — FA#T
THEH L7k R % Table 1 1273, #i6 HHBAT R /LF—1F, PGTI121 (-11.3 keal/mol) <
PGT151 (-9.2 kcal/mol) < PGT128 (7.4 kcal/mol)DJIEIZ 72 V), FATHIZRICEBIT DFEG D
ZEMDIARF & —& L=, Y AMAEERORMERKRT D,

Table 1. Binding free energy and its component energies

between the sialylated glycan and PGT antibodies (kcal/mol). :g
Antibody AGbina AH -T48 H
PGTI121 11.3£122 648 -53.5 2
PGT128 7.4+7.1 -42.9 -42.3
PGT151 -92+£73 -68.2 -59.0 2 pot121-glycan
pgt128-glycan
0 pgt151-glycan
0 5 10 15 20 25 30 35 40 45 50
time (ns)
Fig. 4 RMSD values of the glycan from the
starting structure in PGT121 (green), and
PGT128 (cyan) complexes.
[2E 3R]
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Observation structural change of the chromophore of the
fluorescent protein rb-Akane with various spectroscopy
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[Abstract] The green fluorescent protein (GFP) from the jellyfish Aequorea victoria and its
variants play indispensable role in biological imaging and analysis. Many GFP-like proteins
display green-to-red photoconvertibility. Rb-Akane, one of GFP-like proteins, is known to
have the green fluorescent chromophore and the cis- or trans-form red chromophore in nature.
In the present study, to observe the change in structures of these chromophores, we synthesize
the chromophore (compd. 1) and its similar compounds (compd. 2, 3) of the fluorescent
protein rb-Akane and measure various spectra under many conditions. From UV-VIS spectra
measured in MeOH solvent and simulated by the TD-DFT calculation, compd. 1-3 have = -
7 * transition character in HOMO-LUMO transition. We observed the change from Z- to
E-form chromophores in DMSO-ds solvent exposed 365 nm UV light in 3 hours by *H NMR.
Especially, compd. 1 has several structural isomers. On the other hand, crystalline compd. 1-3
exposed UV light has not changed in Raman spectrum.

[FF] 1960 FERICkkaE % > /X7 & (GFP : Green Fluorescent Protein) 72347 > 27
T b B S AV TLUR, Rk & AR G DN AT 5 GFP-like & > /37 E L I
(X415 Kaede X° DsRed 72 & HEE S VTR Y, Ay 1% 7 ~L L TR LT 28l
icEI/z%Vé@L’Cb\é GFP-like # > /X7 & T 5 rb-Akane [T FR/M % 24 C % Z & TFig.
(R T &9 T PRI IS K o T, fREEOEI ARG cis{K & trans KD ZFEEHD
ﬁ@i%%ﬁ@.ﬁ%ﬁi@‘é EEZBN, EBITENT L - T cis-trans DIF{EELRSO#
VT EDORBENET D EN Do TWAH[L]. £Z T, ZORGENK /N 7'E
FORNOERTHS compd. 1 IZEBH L. ZOEWIL, 7=/ —LDOX B
BRI O RGO A 5?‘/:—/@%1

Q/Y(}’"s T—ODOHBERTEN-STND

R OH%JNH i,aé:wké’%,f*/\

‘ green chromophore x M Fij‘/l) }\ 733‘{?@‘3‘5 : k 753‘%?& E/‘j

ThDH. AIFFETIL, rb-Akane 73

og sy Bogscanite HIAFET DN ThH S compd. 1
HO' 1) /
’J‘/NH/ \é/‘

} “T Compd. 1 Z4&Rk L, #DILFHIMEE % 3~

P

/

red chromophore red chro':'nophore %) s %_) - E{/l'ﬂﬁ/\q:@ Compd. 2, 3
e form ans form L OB L DR EAT 5 Tz

Fig. 1. Hypothesis for the green-to-red conversion

of GFP-like proteins
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Scheme 1. Synthesis of GFP-like proteins chromophore and similar compounds

[#EFR - B2] compd. 1-3 IOV TAH J — /VIERF CTRILA~Z RV aERIE L,
IZE>THLANTE MO I H TGO
HOMO-LUMO R IX n-n*E B ThHH Z L3y -7-. £7=,compd. 2 & compd. 3 %
9% & A7 R MO KT R & 20T <, ATF LT 2T VB NIT5FDE

SHERE R L 6T Fig. 2. lCRT

FIRRBIZIT S IZ

Gt N

CEBLE 2 TWneE2z N5,

— AT HEmEE ML TA IS

V' —)VER &N L7z compd. 11X, > —oDLAEW L LR THBENRRKE O,
— I BREET 7 FLTWAHZ LR TE 5. 72, DMSO-ds I H @ compd. 1 {2

365 nm @ UV % 3 HFHIFRET U721, TH NMR Zl|E L, &R

Bk D A~ kL% Fig.

3. 1T L, TTIZEHSE SN TWD compd. 3 DFER[S1Z2SE I —7 DIRIEEITH-T-.

F e —7 X compd. 1 N2 D
3 BER compd. " CTH D &
J#JE T, compd. 2, 322>\ T
HFERICIRBEZ1T O 2 kﬁmﬂﬂ%
7. LrL, HRHITHRLIZE
—ZZOWTIIZ DO > HEM
KOBTITI/B SRR D> T
T, MOBRMEAKREZ BT TH
AR CEME LB S
7e—77, fEElc oWV TH UV
24TV BRI RT# O Raman A X
7 NV PeEg U7 s BRI 38

HEN7ehoT-, #ETIE, &
PEARDEE &z, DWW &

W AT bV & IS
{LIZPE S EIREED AL KT
DOWNWTHLFEEKT .

[2%E& 3]
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Fig. 2. UV-VIS spectra of compd. 1-3 in MeOH

calcd,
calcd.
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Fig. 3. *'H NMR spectrum of compd. 1 in DMSO-ds
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