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[Abstract]

Since hydrogen is a clean and renewable energy source, water-splitting photocatalyst which
can produce this from water and sunlight has attracted much attention. To promote
water-splitting photocatalytic reaction, it is necessary to load metal nanoparticles as cocatalyst
which acts as active site. Rh is one of the effective cocatalyst to promote Hz evolution. In this
work, we utilized glutathionate-protected Rh complex as precursor of cocatalyst. Accordingly,
we have succeeded in loading of small Rh-oxide cocatalyst monodispersively onto
BalLasTisO15 covered with chromium oxide. Water-splitting photocatalytic activity of thus
obtained photocatalyst (RhnOm/CrOy/BalLasTisO15) showed much higher than that of
photocatalysts prepared by reported method. Furthermore, it was revealed that
O2-photoreduction reaction which is one of the side reaction was suppressed on
RhnOm/CrxOy/BalasTisO1s, high activity having Rh,Om/CrOy/BalLasTisO15 was caused by
suppression of this reaction.
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Scheme 1. Preparation procedure of photocatalyst.



[EB®RFE]
ARSEER T, AR R e de bk o3 i e it D — > Th % | BalasTisOus[1-3]4 i H
U7z, F7o, B ORIBRARIZIL, IARIZETCIEIC LV E R L2 V2T A —MiiE Rh &5
K2 Tz, ETRDIC, SEATEICLY BalasTiaOs Zm EIZERL Cr [REEEL, 20D
% . Rh $HARLK I THREET 228 T, el R Rh 85AZ WS S 70, RIZ, BERCLBR
IZEVEAL T 2BREL, LA E4THZE T, HIO it 2 1 8L 7= (Scheme 1)
(RhnOm/CrOy/BalasTisO15 (our procedure)) , 295 L THFH AV Sl D 7K o3 IS % | it
SRR RN R SO 2 N T, T AR T BEOT VT AL R
ARG T AT BEM TIZTHE L, £/2bigs LT, BEicony, SeEEE
(Rh/Cr,03/BalasTisO15 (photodeposition method)) Pz 119+ 024 nm
[5]L % 121 (RhoxCrOs/BalasTisO1s (impregnation
method)) [6]\Z LV IEARBEAERIL | 2 b D K5 iR
TEMEIZOWTHIE LT,

[FER-B£]
Fig. 1 (2 . RhyOn/CrOy/BalLasTisO15 (our
procedure)® TEM % <3, Sl Fizid, kit

ﬁ§7{f‘/\j 1 nm *%&F@*ﬁ%i))g%b \ﬁj\ﬁ‘ LZT%EIEUéhf:O ! Parliul'lc size (nnﬁ

ZOZEIE, Rh $HAZRIBAIC WD ZET, Ul Fig, 1. TEM image of
72 Rh B2 Yefibittlc | By BUc R Sk A2 E% RhOw/CriOy/BalasTisOss (our procedure).
IRLTWD, 2B Yefiblit E o> Rh k112 oW T, m
X BRI 536120 Rh B2{b4 (RhnOm) THHZE Rh,0,/Bala,Ti,Os mo.

DS 72572, Fig. 2 121X, 4 ettt K 45 fiF
TEMED i 27797, RhnOm/CryOy/BalasTiaO1s 1,
it Cr B Z & & L TW 7ot fil 4
(RhnOm/BaLasTisO15) 12 b= T, K 500 1 (9623
umol/h vs. 19.3 pmol/h) DK Sy fiETE M E R LTz, &
512 RhyOm/CrOy/BalasTis015 (our procedure)id:,

Rh/Cr,0s/BaLasTisO1s(photodeposition method) <°
Rh,.«CryOs/BalasTisO1s(impregnation method)(Z bt
NTH, EIETUR 2.5 1%5(9623 pmol/h vs. 3869
umol/h) | 9 1.2 1% (9623 pmol/h vs. 7720 umol/h)
DIEMEZ R ZEN 0o 7= (Fig. 2), ZOZEITA
F2BRF1% (Scheme 1) 25, miE MR K Gy fl Stk i 4
AT ECTHRRFE THLILETRL TVD,
=512 RhyOm/Cr«Oy/BalasTisO15 (our procedure)iZ
DONTIX, BBEHTAZEITREIZBN TS,

RO PRIEMRIZIE & A B Lisdro 72 (Fig. 3),
Z o Z & X RhiOm/CrOy/BalasTisO15 (our
procedure)(Z- DV TId, JEfERIZ LSS BIEE AL
FELTWRNZEERLTEY, 2O RER S D
IHNZED | @mVIK S FRE MR S - SRR S
no,

[5% 3C#R]

(our procedure)

Rh,0,/Cr,0,/BaLa,Ti,0,s
(our procedure)

Rh/Cr,05/Bala,Ti,0,5
(photodeposition method)

Rh, Cr,05/Bala,Ti 0,5
(impregnation method)

0 2000 4000 6000 8000
Rate of gas evolution (pmol/h)

Fig. 2. Comparison of water-splitting
photocatalytic activity.

10000 12000

By,
Ho.
Ar flow N
Ar + O, flow
||||||||||||
0 2000 4000 6000 8000 10000 12000

Rate of gas evolution (pmol/h)
Fig. 3. Comparison of water-splitting
photocatalytic activity between under Ar
gas and mixture gas of Ar and O,.

[1] Y. Negishi, A. Kudo, et al., Nanoscale, 5, 7188 (2013). [2] Y. Negishi, A. Kudo, et al., J. Phys. Chem. C, 119,
11224 (2015). [3] Y. Negishi, et al., J. Phys. Chem. C, 122, 13669 (2018). [4] W. Kurashige, Y. Mori, Y. Negishi,
et al., J. Mater. Appl., 7, 1 (2018). [5] K. Maeda, K. Domen, et al., Angew. Chem. Int. Ed., 45, 7806 (2006). [6] K.
Maeda, K. Domen, et al., J. Phys. Chem. B, 110, 13753 (2006).




3P062

M=+ mEEAUPIITREI—D BRI SR - B FEE
R AR
O4 FHEEFR, Sakiat Hossain, i ARHEKES, MEE, MM

Selective Synthesis and Geometric and Electronic Structures of
Biicosahedral Au24Pd Cluster

oYukari Imai, Sakiat Hossain, Syunjiro Takagi, Wataru Kurashige, Yuichi Negishi
Graduate School of Science, Tokyo University of Science, Japan

[Abstract] A recent study implied that a hetero-biicosahedral 25-atom cluster composed of
two kinds of icosahedral 13-atom clusters could serve as a molecular rectifier and dipole
material. However, no hetero-biicosahedral 25-atom clusters containing three types of ligands,
in this case, phosphines, halogens, and thiolates, have been reported. In this study, we
selectively synthesized [Au2sPd(PPhs)10(SC2H4Ph)sCl2]*, in which one gold (Au) was
replaced with a palladium (Pd). The single-crystal X-ray structural analysis demonstrated that
[Au24Pd(PPh3)10(SC2H4Ph)sCl2]* was a hetero-biicosahedral 25-atom cluster in which the
central atom of one icosahedral Auiz core was replaced by a Pd atom. Optical absorption
spectroscopy suggested that the electronic structure of each individual icosahedral 13-atom
core in [Au2sPd(PPhs)10(SC2H4Ph)sCl2]" was reasonably well maintained, similar to the case
of [Auzs(PPhs)10(SC2H4Ph)sCl2]**. Density functional theory calculation revealed the origin of
the peak splitting in the region below 2.0 eV of the optical absorption spectrum of
[Au24Pd(PPh3)10(SC2H4Ph)sCl2]".
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[Abstract] Density functional theory (DFT) calculations were employed to understand the
solvated structures of lithium cations inside double-layer graphite. Propylene carbonate (PC)
used for electrochemical double-layer supercapacitors (EDLC) was considered as a solvent.
DFT calculations found that the stable solvated structures depend on the interlayer spacing of
double-layer graphite and the number of PC molecules. In fact, alkali cations inside
double-layer graphite of 6 A are solvated by 1 PC molecules, and the distance between cation
and a graphene (d) was 1.96 A. On the other hand, in the case of the interlayer spacing of 8 A,
solvated states containing up to 3 PC molecules stably existed, and its d was 2.54 A. Since the
distance between cation and graphene is inversely proportional to the electric capacity, narrow
space is important for maximizing the electric capacity due to the formation of desolvated Li
cations.
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Figure 1 (a) Estnilize Values of PC,—Li*@2G(L) as a function of interlayer spacing (L).
(b) stable structures of PCi—Li* @2G(L). (i) L = 6A, (ii) L = 8A.

Table1  Capacitance of PC—Li*@2G(L) relative to that in PC.—Li* on 1G.

L (A) d (A Capacitance

5 2.44 1.42

PCi—Li*@2G(L) 6 1.96 1.77
7 1.95 1.77

8 1.94 1.78

5 2.49 1.39

PCoLi*@2G(L) 6 2.31 1.50
7 2.29 151

8 2.03 1.70

PCs-Li*@2G(L) 6 2.36 1.47
7 2.37 1.46

8 2.54 1.36

PC+Li"@G 3.46 1.00

[Z2%CHR]  [1] K. Urita et al. ACS Nano. 8, 3614-3619 (2014).
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Size-selective synthesis of polymer-stabilized gold-palladium alloy nanoclusters
based on accelerated mixing by using ultra-fine microfluidic mixer
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[Abstract] Nanoclusters (NC), consisting of several to tens of atoms, exhibit highly size-specific
chemical properties, such as catalytic activities. While wet synthesis methods generally provide high
reaction yields, microscopic inhomogeneity in reaction fields for the wet synthesis makes it difficult
to control NC sizes and distributions to a desired range. In order to realize microscopically uniform
reaction field, we have developed a microfluidic reactor (UR) suitable for fine nanocluster syntheses.
In this study, we have successfully yielded gold-palladium alloy NCs stabilized by poly (N-vinyl-2-
pyrrolidone) (PVP) (AuPd:PVP) using the uR with the narrowest channel width of 5 pm. It was found
that the rapid mixing of reactant solutions is a key to yield binary NCs with a specific composition.
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20mL/min TiX, 4ms THDH LR bLD, 72, 5um OEWHEIZIBNT 2 2OIEED
BAICET AL 13ms THDH, LIER-T, JidE%E FIF5H1EE NC O AuPd s A ik
> Au/Pd EEIZIE-S < LWy ) ABFZEDFE R B —72 B4/ Au/Pd © NC A RkD 7=
DIZIE, IBAFEZ 10 ms FREE THLSTHIENEETHDL Z ENbnd, EB Ry
FIEIC L > TR LU 72 3 Tk, FiEHOBEWVPR ARk (1) 12T, E5I2x=10EENE
TpoTnA (¥3) . Ziiux, Ny
FEIZBW T 2 OIEBIRAIZ R 1Y ] 5
H—BEVEBNR»ND Z & LA
%

Ton intensity (a.u.)
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TR EEElb LA eT ) 7T A

5 —DREFEARTIE, 2T OB SRR
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ThHIENbhot,
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[1] N. Hayashi, Y. Sakai, H. Tsunoyama, and A. Nakajima, Langmuir 2014, 30, 10539-10547.
[2] K. Y. Lee, M. Kim, Y. W. Lee, J.-J. Lee, and S. W. Han, Chem. Phys. Lett. 2007, 440, 249-252.
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Photo-thermal conversion dynamics of copper phthalocyanine nanorods
excited with intense short pulse laser

oRyo Kihara, Yukihide Ishibashi, Tsuyoshi Asahi
Department of Graduate School of Science and Engineering, Ehime University, Japan

[ Abstract]

We found that intense nanosecond pulse laser excitation to B-phase fluorinated copper
phthalocyanine nanoparticles dispersed in ethanol induced structural phase transition to
a-phase. Here, we investigated photo-thermal conversion dynamics and phase transition
mechanism by using femtosecond and nanosecond pump-probe measurements. From
femtosecond pump-probe measurement, the electronically excited state relaxed to the ground
state in 100 ps and its photo energy converted to heat, resulting in formation of hot F-CuPc
nanoparticles. In the case of intense nanosecond laser pulse excitation, the hot nanoparticles
were formed during nanosecond laser pulse and the temperature estimated to be 200°C. The
structural phase transition from - to a-phase was observed in 10 ns time scale.

(7]

BRI B LT T Z v o7 = USRS R E SV A L — Y — 2 ST
EWMETZ T T RS 2 5 Z ERHE SN TV B[], H&ilE, FxidT
v #Ebdi~ % v v 7 = (F-CuPc, Figure )DF / Kif-anv A RIZE@BES L —5

—ZHRSTT 5 L BRI K E R BB R E TR o T L b e A
M9 5 2 Lz Bt Lic, Al 3x i3 g AR5 564H O F-CuPe ﬁéﬁ§i
FoRITanA FERE L LTT7 = b FNOROT ) B - é\ﬁﬁ?}
Ta—TWEEIT, TR ONBERDO T A F I 7 AR e o
REEVFHEERE D A B = X L2 HOW TR, Figure 1. Molecular
structure of F-CuPc
[35k]

TR 6.3X107 wit%IZFHH L7z F-CuPe — % / — VIR IZ Nd " YAG L —H — D
AR 532 nm, VL ANE 6 ns, ARV UEEH 10 Hz, L—H—T7 12X
140 ml/em®) % 5 pMBE L, T kifan A R2ERLEZ, To%an A e 60°C
T 6 RpHHE L C BAAESAFHD F-CuPe 7 /i A RE2fERI L, 3Bt e L7,

F 7 FOIR PRI A YERE T AR v 76z FEE & RBEDONA3* YAG L —HF— D &
TP (L —H—7 = 230-200 md/ecm2) ZHEH Uiz, —#8DR 7N ThHiE Lz
— X I UB6GELDSTOD A & ) — WA O DI, E 713V A S kT Xe T
A7ua—7%E L THEALE, b——XKRBHEOF 2RIkt 2HEELITH 72D,
71 —¥ /(2.1 mL/min)Z#H L7-,

WEEHIRFED Z A F 27 A BFRD 20, WFFERFTHE O 7 = b S FmEIN 45
HEEE W, N7 Y7 = & MTisSapphire L — ¥ — O & S (G E 400
nm, 2LV AE150 fs fwhm)Z, Yo —7 %L LT 7 =2 MPAGY (380~850 nm) %
JEELAY
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Figure 2 {Z58/% 200 mJ/em® TF / L —¥ —7% 1 &S L
Epaaf ROWILARY MLERY, S %, F-CuPc
T RADBHRNG a A~ EFERMER L LIk bR
X7 RNVIIR O AL BB LT,

WIZ7 = 2 MR 400 nm 2L ZFHEGRE 800 pl/em’)IZ X
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2 ps T, #E 530 nm (2 S IRBERINIC L D IEDIE 5 LR Figure 2. Absorption spectra
590 nm & 790 nm (ZFEERBED T —FZ 5 NEH S 7=, of F-CuPc colloid before
e 530 nm OBPEWIEIE ORFHIZAL LV | JEEREEOFEFD  and after single laser pulse
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1.5 ns CIEEFEMMEREBOWINNIE > TWDHZ ENbhrolz, ZZ T, 100 ps Diff
PEWL AT N VDS BERE ST ICIE U 72 B ERRE DR » hox v R & REMIEREE % 2
LEDEIZWIN AR MVER LTS EB 2 BFMEIEIRE.S ns)DiE WL %
LW ZBPERIL AT MDD IEERIRBED R v b XY ROWIN AT R L%
372, ZOH LT AT V% Figure 4 [ ZRTIREAEART MLV EHEGT 5 L Jib
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THEIEND Z EnbhroT,
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(2R, BEE#Z D 0ns TIEAR » FoX0 K& R AR OB IR 2 B U7z, a2
AR VL DS B R 532 nm O F 2 B L ——Z IR 200 m)/cm? TRES
TH LV AE— WS 0ns TF /B2 200CLA E EHF 2 & BFED HiLiz, 60 ns
OUBPEW X Figure 2 & 0 15 S-S % O EFIREDZEA T MLOTIR &
—E L7z, £oT, BHMNG a fH~OREEMEIRRIL 60 ns TR T L TWAHZ LN
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[2] K. Setoura. Langmuir. 30. 9504-9513. (2014)



3P066

Formation of CaiMn4Os* Clusters
Investigated by Thermal Desorption Spectrometry

oYufei Zhang, Daigo Masuzaki, S. Kudoh, K. Miyajima, F. Mafune
Department of Multidisciplinary Sciences, The University of Tokyo, Japan

[Abstract] Formation of a CaiMn4Os" cluster, which is known as an active center of catalyst
in the PSII system, was investigated in the gas phase. To observe thermal stability of
CamnMnO;", thermal desorption spectrometry of CanMniOi" was performed. CaiMnsOs* was
not produced and instead several oxygen rich clusters were formed such as CaiMnsO7". In
CanMniO;i*, manganese oxide plays an important role in the whole structure and hence,
MnmOn* likely has similar reacting properties. To understand structure and properties of
CanMniO;i*, the thermal stability and the hydration effect on the MnnOn* clusters were
investigated. Before hydrated, MnnOn" only show several oxygen rich clusters such as
Mn4O¢* whereas after hydrated, oxygen poor cluster MnsO4* was produced.

[Introduction] The CaiMnsOs" cluster is known as the active center of the catalyst in the
PSII system for water splitting and plays an important role in the photosynthesis.l*l As the
main part of structure of CaiMn4Os*, MnsO4" cluster also plays an important role. Previous
study proved that the hydrated manganese clusters also have the ability of structure change.[
The structural change of the hydrated manganese clusters may lead to form the oxygen poor
clusters. The investigation of MnmOn* would help understanding the structures of CanMniO;*
and mechanism of the structure change with hydrated clusters. In this study, thermal stability
of MnmOn" and their hydration effect were investigated by the thermal desorption
spectrometry.

[Methods] The calcium manganese oxide clusters
were prepared by using laser ablation inside the He Carrier Gas

. Metal Rods
cluster source. A calcium metal rod and a Ablation b /7
manganese metal rod were vaporized by using the Laser 2 Ablation Laser 1
second harmonic and third harmonic of the }3- — Reactant Gas

Nd:YAG pulsed laser in the high vacuum Heater
condition. The cluster ions were formed in a He Col
gas flow containing O. from a pulse valve at a
stagnation pressure of 0.8 MPa. The partial

pressure of O2 gas was adjusted by using the mass

flow and pressure controllers. .
The prepared CanMnkO;i" were reacted with water §§
vapor mixed with He gas and heated in the ce
extension tube (up to 1000 K). CanMnOi* were
analyzed using the TOF-MS and the mass spectra
were measured.

Skimmer

lon Lens
Double-Stage
Reflectron

Acceleration Potential . W
Electrodes SwitcﬁD -

MCP
Fig. 1. Experimental Setup

[Results and Discussion]

Thermal Stability of CanMnOi* and MnnOn* were investigated by thermal desorption
spectrometry. Figure 2 shows the mass spectra of CanMniOi* at 1000 K and room
temperature. At room temperature, more oxygen rich clusters tended to be formed. Figure 3
shows the thermal desorption curves of CaiMnsOn*: Clearly O desorption was observed as
the following reactions,



CaiMnsO10"*—CaiMnsOg*+02 (@1) kD " CaMn0, =(mmi)]
CaiMns0g"—CaiMns0s"+02 (a2) S (146) s 3
CaiMn4O9"—CaiMnsO7"+0; (b) g \
However, CaiMnsOs* was not formed even at 1000 £ (
K. This finding suggests that CaiMnsOs*™ is not 2o
thermal stable in the presence of oxygen. 3 1an (148 | (1410
14 (1,4,6) \ ‘ I ‘v ‘
Thermal desorption spectrometry was conducted for 1A IR N PENIN
MnmOn*. Figure 4(a) shows that at room temperature, 350 200 250
o di i i Mass (m/z
O DOL e, 21 it DS 1% i sl s
. : ) (a) 1000 K, (b) room temperature
be produced. With an increase in the temperature, the - I
oxygen poor clusters started to appear and MnsOs" Ca,Mn,0,,*=(1,4,m)
appeared over 850 K. This finding suggests that o
oxygen was strongly bonded with MnsO4*. T
$04
To investigate the hydration effect on the stability and 203 (1486)
structure of MnnOn*, thermal desorption spectrometry E,,| - \;;’_;;;;.mt~f.v,-:.::::fr.j_—_':,'j‘.jf,“j
with hydrated MnnOn* were conducted. According to * 1 -
the Figure 4(a), MnsOs was only formed after 850 K [ Zoswel (149
by reduction of MnsOg*, however for the hydrated [ "
clusters in Figure 4(b), the Mn4O4 series clusters were S0 400° 500 600, 700 800 900: 4000
. + Temperature (K)
formed at room temperature, suggesting that MnsO4 Fig. 3. Thermal desorption
tend to be formed readily when hydrated. When the curve of Ca,MnO;* clusters

reduction from MnsOg(D20)1" to MnsOs(D20)1*
occurred over 850 K, as shown in Figure 4(b) water was still bonded after the reduction
occurred which suggests that water molecule may dissociatively adsorbed.

0.8 — T T T T T
N ) ) ! ' Mn, O, (D,0),*=(m,n,i) (b)
06+ = (a) . m~m\~2~ i
Mn,O,, *=(4,m) (4.5) ' 0.7} (4,6,0)", ]
J05 N s e ] >06F 3 E
&= < % ® (4.6,1)
- 05
50.4
[ ot - =
;0.3 F < =
2 203
®0.2 . ©
g i © 0.2
44,0
0.1 0.1 3 ( X
oL+ HONNE TP
0.0 0.0 saevirsennesssitisstiaslisacy
300 400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
Temperature (K) Temperature (K)

Fig.4. (a) TDS curve of MnsOn* clusters (b) TDS curve of MnsO46(D20)i* clusters

Figure 5 shows most stable
structures of different clusters,
Comparison between (a) and (c)
shows that water molecule is .
dissociatively ~ adsorbed  on _ - - . .
Mn404+, and after attached Wlth Flg.5. (a) Mn4O4 (b) MI’MOG (C) Mn404(H20) (d) Caan405(H20)
O and calcium, structures are greatly changed. According to those phenomenon, structural
change of the hydrated clusters may have occurred. Further calculation and experiments on
hydrated CanMnkO;i* will be discussed.

(@ 8 (Claling (@

[Reference]
[1] Umena, Y. et al. Nature. 2011, 473,55-60
[2] Sandra M. Lang et al. Nano. Lett. 2013, 13, 5549-5555
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Molecular structural change of fluorescent nucleic acid induced by

adsorption onto air/water interface
oHiroya Asami, Kanako Takahashi, Taisuke Tomura, Jun-ya Kohno
Department of Chemistry, Faculty of Science, Gakushuin University, Japan

[Abstract] Fluorescent biomolecules have been used for sensing the characteristic states
like their aggregation, attachment onto target molecules, and hydrophilic/hydrophobic
environments. Recently, a number of fluorescent biomolecules act as effective tools for
monitoring such characteristic states through Forster resonance energy transfer (FRET).
However the development of new fluorescent molecules and spectroscopic techniques is still
needed to improve their sensitivity and resolution. In this study, we have developed a novel
millisecond time resolved fluorescence spectroscopy using aqueous droplets and applied the
method to a study on a molecular structural change of fluorescent peptide nucleic acid
(SFAM-PNA) at the air/water interface. The obtained fluorescence spectra indicated that
characteristic structural change between nucleobase and fluorescent chromophore proceed in
the course of the adsorption onto the droplet interface. In the quantum chemical calculation,
the molecule, SFAM-PNA(X) (X=Guanine), formed a stable intramolecular hydrogen bond in
the gas phase, which explains well our experimental result.

[FF] AR TE2—2 L Lzt id, AR cAE L DA AmTEE oMt
R0, AREREOEEZRET S TFEL L TRHIHTE 5, Z0kd, L0 70
BEICBIR STV D, 2B I3l % ., Bt & FRET 25 H L Tt 05/ K
FHEENET 27 e —707L LTHOWORD, L LERST~OIGHZ RIEZT-
e, L0 B - B fee CRIIFTRE e B i e T — T O BRI XL AT
RToHD, ZOWEZWRT D7D, 87 v —7 05 O/F & &t ko
BAFE & [RIRAIG AT CHED B = & T A F TV w72 AT 7 7 e
—TFNMRKEFHTHD EBZZ LD,

ARFZE ClE. KR & 8 ER L2~ 7 F REBR(PNA)Z W T, 3 U BRI o g
AR MVOREEIT-T2, 2 ORIETIE, HRFEAERERZ O Z 0 & L Chhii
L—HP— NI INDIFETOXA I T 2B EIEDH LT, R A—F—DhF
MR E1T > T D, Fox 1 ZBEICIREN TR S = 7 ~ U BELDEZ VW T Y
WA — & — DI 3R AT MV ORIEIZHKI) L TW A T8 AREERTH RO Tk
ZFRIH L72[2], RIS Z Ol 2 A L2l »~Lv 7 TOERHANC e~ TR
T 6 OE SR S 0T W e KIENER D DR S I ~BE T 2BRICAE L 5
D TAEE DB R B B TE L ISR E AR D5, ZOFHRITEHE AT b
NOWERY 7 e LTBIISILD N, ZHUTD 553 D= 8308 A3k R w1
TR 2R LN G EE LA DRI A KT Z LT, #mEAT FLOMRK
EOWEN T T M52 LIZHRT D, AFZEILZ AR L, SFAM-PNA 723K 5
AR AE T HBRICA U D EEE % X Y B R e A7 h vz Tl L
o ZOORER. WK T ORI K FERE A RIS A BT D EE PNA AR
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[FHE] 1 T L9012, &b B
727 U EEA D PNA B BRI CHOE S
5-IVARF T F LEA LV (SFAM)E
i e 8872 SFAM-PNA(X) (X=A,G A: 7
T=, G T = NEHORTF R
AR EE W AR L =,
SFAM-PNA(X)/K##%(130 uM)Z 10 Hz
TR Y R HE) S 72k, AL
SEEE 60 um FEE O & L THHEL
Too S S U I AR D SV R L

CCD Spectrometer

Droplet Nozzle
‘ Sharp Cut Filter

/
J
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Objective Lens

Sample: 5FAM-PNA(X)
(130 uM aq.)

HO

Vis Laser

Fig. 1. Experimental set up and sample information. The
part of base in the PNA molecule indicates as X. In this
work, the two types of bases, adenine (X=A) and
guanine (X=@G), were used.

— P — (3 ml/pulse, X=A: 493 nm, X=G: 478 nm) % W& L. Wi PICIAfE L 7 Ami 4y
T Uiz, i FHEROS AR L o R E ML o XTI L, iR
ALTe, ZOK, it L —F—oWENE T >y N 572D, BT —7 4 L Z—(Y52)

%o Mt FRNCERE L7,

[FER - BR] X2 (2B S8R~ B
JLD B — 7 BDLE DO F 2 R AR B O
BRI LT ey ML, ZOfEE.

5FAM-PNA(A) Tlda it A7 bV O BN E
NEERTREE TR > 7 T DR+ 2381
H &7z, AL SFAM-PNA(A)DMA % 2k
RENTWAET D 2 &AW N R34
HTETHELDV T NEEZDHENTED,
—J7. SFAM-PNA(G) TIZHHM AR5 9ms F
TIX SFAM-PNA(A) E IFIFFRIRDOIEE Y 7 b &
AELDH, 9~13ms I CaMREREY >
NERT Z EMBHS MRS, TDZ &I,
SFAM-PNA(G) CIX & S O WA T L, 47
THEE DAL A U T D AfREME 2 7RI L C
W5, & TR A SV T R
YR TR S T e I SR D BN SURE HR S TR
L., EHbFEHREEHWTERENLDOZE
EREZ RS 72, (X 3) T OREE,
S5FAM-PNA TiI~_7'F REHHPIZA L 5K
FREG/NHF — 22X D, Folding ! &
Extending i &\ 9 2 RO L EME Z 4 U
LT Do lc, £ 5SFAM-PNA(A)
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Fig. 2. Fluorescent peak position of the
droplet of SFAM-PNA aq. vs elapsed time
from droplet generation. (a) SFAM-PNA(A)
(blue), (b) SFAM-PNA(G) (red). The dashed
line indicates the linear approximation for

(@)

Extending

18.2/0.0

HTRELL A LZZVDIZX L T,
5FAM-PNA(G) Tl &tk 5 i C Folding
MIEFICEEAT DR A LN, =
FUZ. PNA F100 77 = U HET 5
2NEDT X FEE SFAM D 5 LD VR
=L O TAE L D0 FNKEREGD
LEILDOIIENZT CIEFIZREZ WD
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[ 22 #R] [1] T. E. Tomov, R. Tsukanov, Y. Glick,
Y. Berger, M. Liber, D. Avrahami, D. Gerber, E. Nir,

Fig. 3. Two types of stable structures in (a)
SFAM-PNA(A), (b) SFAM-PNA(G). The relative
stabilization energies in the gas phase and aqueous
solution  have been  evaluated at  the
B3LYP/6-31++G(d,p) level. The polarizable
continuum models (PCM) have been used for the
evaluation of aqueous solvent effect. The left values
indicate the stabilization energies in the gas phase,
and the right values indicate those in the aqueous
solution. The most stable structures are indicated by
red values.

ACS Nano, 11,4002 (2017). [2] Y. Kihara, H. Asami, J. Kohno, J. Phys. Chem. B, 121, 4538 (2017).
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Reaction of Platinum Oxide Clusters and Water
Investigated by Thermal Desorption Spectrometry in the Gas Phase

oKen Miyajima, Satoshi Kudoh, Fumitaka Mafuné
Department of Basic Science, School of Arts and Sciences, The University of Tokyo, Japan

[Abstract] Platinum oxide clusters were prepared by laser ablation of a Pt metal rod.
Mixture of Oz diluted by He was used as carrier gas. Produced clusters were reacted with H>2O
diluted with He gas and then heated through an extension tube and mass-analyzed. By
increasing the water concentration, sequential attachment of water platinum oxide clusters and
desorption of Oz from the multiply water attached clusters, Pts3On(H20),", were observed at
room temperature. H2O and Oz desorption from Pt:0,(H20)," were observed by heating those
clusters. By comparing with the theoretical calculation, the branching ratio of H20 and Oz
desorption was discussed.

[F] B&OENT-AERHEIC OWTHREZ RO A Z L2 BfEL, A&ZE XY
T A —DALFREIZ DWW TR 2 722N T CE 7=, BlziX, A&k 7
A —D Pt:041L 2 HD NO 73 1% 02 & No IZfETE B[1]. ZOHEEREY 7 7 A
A —\ZKE RSS2 A, BB IR BTN Z TEBROBEN A Ly 7 A4
—NERT D Z EE RNV Lz, AR TIE, PO DWW TKDIEERITIE & gL
2 & DK L O DBBEDORR 127, EEFER & B LT REIC L DB~ v
X — D) b RSHED B RE 21T o 72

[EBR L] B EZeh T Pt &BHEIC, NdYAG L—H— 5 L—%F—,UL X (355 nm,
~26 ml/pulse) ZHEN L TAI I, T VAL T 0 BIEHEZ 0.1%IN L 72
NV T AF Y VT HAGEE 8§ JE)EEHN LmAITHZ kv A&k s 7 A%
— &R, IHICAY U ATHRULIZKARE KESHE, PuOW(H20), 7 7 A X —%
R LT, 7T A2 =~ U LAOIREMEZIRD 1000 K F TIREHIETZ 250
BYERE I L, ZHEIEELG T TR LE. hae ) 7L s ha U AVg &G
THHLEEAY ML EET-.

‘/Pt304‘r (a)
[R5 - Z2] Fig. 1 CPURFR3EEEN
UMY T ALY —DERARY b 3| PLOS R FOT
LTz, KEDKIGHIE PBOsT7 T A —3 :_,5 APt306H8+ ©) |
KB THofe. ZO7FAZ =800 KE g | SOfo truomy
TITME L THEERMAEL E Z 220 [1]. K EPw%ﬂg\“ J{?@Mg'
E DRI X 2T PO 7 7 AKX —h 5

. . _ 600 700 800
Pt}OmeJr@ﬁj\Zlﬁ 7%% Lf: Pt304+7 7 A & “GZ Mass Number (m/z)

K105 4, 5 T3 L7z PtsOsHs'* & PtzO9Hio"  Fig. 1. Mass spectra of the P:O,H," clusters (a)
DD LN, HHE< R51L7 PsOsHs' without and (b) with the water vapor

introduction.
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7975 LR LERORGREO LI L eopmive, e vy of = d O
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SEIRA Spectroscopy of Lanthanide-Diglycolamide Complexes
on Gold Surface
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[ Abstract] We synthesize a thiol derivative of diglycolamide (DGA), and it is chemisorped
on gold surface, which is prepared by vacuum deposition on a Si prism for the ATR IR
measurement. We put a solution of lanthanide salts on the surface to form lanthanide-DGA
complexes (Ln’ (DGA)s3) and measure SEIRA spectra by an FT-IR spectrometer. We assign
the SEIRA spectra with the aid of quantum chemical calculations.
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Fig. 1. DGA on Au surface.
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Fig. 2. SEIRA spectra of the complexes.
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Optical properties of organic functional materials prepared by electron
beam induced chemical reactions

oYoshio Kamura and Kohei Imura
Graduate School of Advanced Science and Engineering, Waseda University, Japan

[Abstract] Carbon dots are one of the carbon materials, which often use in the field of
nanophotonics. In general, carbon dots are synthesized by hydrothermal, combustion, and laser
ablation methods. In order to spatially arrange the carbon dots, highly ordered templates are
required, because the methods are not compatible to space-selective synthesis. We developed
in this study novel synthesis method of carbon dots by using polymer materials and electron
beam induced chemical reactions. We examined optical properties of the carbon dots by
cathodoluminescence and various micro-spectroscopy. We found that the fabricated carbon dots
showed visible luminescence by ultraviolet laser excitation. We applied the techniques to
fabricate two-dimensional luminescent carbon dots nano-architectures.
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Fig. 1. Photoluminescence spectrum of e-
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Fig. 3. PL images of the fabricated CDs
structures. (a) cross lattice, (b) dotted lattice.
Image size: 100 pm X 100 pm. Excitation
wavelength: 375 nm.
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Examination of the synthetic method of platinum nanocubes and
observation of Raman spectra of amino acids placed near nanocubes

oMoeka Obara, Yusuke Kousaka, Ayaho Inoue, Kazuyuki Hino
Department of Chemistry, Aichi University of Education, Japan

[ Abstract] We have prepared platinum (Pt) nanocubes by polyol reduction or hydrogen
reduction of a metal precursor ion in the presence of an organic protecting agent, PVP. In the
former, Pt nanocubes with a mean particle size of 6.9 nm were generated in a yield of up to
50 %. Then, we observed the Raman spectra of cysteine mixed with Pt nanocubes (1 wt%)
while exciting at 488, 532, 633, and 785 nm. In the latter, we produced polydispersed Pt
nanocubes with a size from 1.7 to 10.0 nm.
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Fig. 2. A TEM image of Pt nanocubes
prepared by hydrogen reduction.
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Fig. 3. Raman spectrum of cysteine.
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Electrochemical reduction of oxalic acid on shape-controlled TiO- catalysts
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[Abstract] Abstract in English (ca. 150 words).

Carboxylic acids are abundantly available natural resources and bio-alcohols are regarded as a
carbon-neutral fuel. Therefore, the alcohol production from carboxylic acids seems an ideal
process to realize a low-carbon energy system. However, hydrogenation of carboxylic acids to
produce alcohols can be achieved under severe conditions such as high temperatures and high
pressures, which is accompanied with generation of by-products. Recently, we succeeded in
the highly efficient electrochemical reduction of oxalic acid, a dicarboxylic acid, to produce
glycolic acid, a monohydric alcohol, using anatase-type TiO2 nanoparticles (NPs) under mild
conditions without generation of few by-products.!*! For the clarification of the origin of high
catalytic performance on TiO2 NPs, in this study, we prepared shape-controlled TiO2> NPs and
evaluated their catalytic properties for electro-reduction of oxalic acid. We found that catalytic
performances depend on the shape of TiO2 NPs as illustrated in Fig.1. We will discuss the
correlation between catalytic performances and structural characteristics of TiO2 NPs.
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Theoretical Design of Circular Polarized Luminescence
in Cylindrical Molecular Aggregates
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[Abstract] Circularly polarized luminescence is a photophysical phenomenon observed in
molecular systems having no inversion center. Despite its potential applications for future
functional materials, typical value of dissymmetry g, a measure of circular polarization in
luminescence, is small g = 1010 in small organic molecules. In this study, a theoretical
study based on the exciton model with two level molecular aggregates are performed. Chiral
nature of an aggregate is taken into by the exciton—exciton coupling between molecules in a
chiral structure. Dependences of dissymmetry g on the twist angle and reorganization energy
of molecules, and aggregation structures are discussed. Highly promising aggregation structure
is proposed using the analysis results.
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[Abstract] Electrospray ionization (ESI) has been utilized one of the best methods for
soft-ionization. Charge droplet production from Taylor cone induced by the high ESI voltage,
which is followed by coulomb explosion during solvent evaporation, has been proposed to be
one of the main reasons for the soft-ionization. However, the detailed processes of the
ionization is not still well understood because of the difficulty on the measurement of
intermediate charged particles. Here we present evaluation of these intermediate particles by
ion mobility spectrometry (IMS). The observed mobilities of the particles strongly depend on
the ESI voltage.
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Collectivity indices of electronic excitations in silver cluster cations
evaluated by TD-DFT calculation

oShuhei Fujimoto!, Satoshi Kono!, Masashi Arakawa', Tomokazu Yasuike?*,
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! Department of Chemistry, Kyushu University, Japan
2 The Open University of Japan, Japan
3 ESICB, Kyoto University, Japan

[ Abstract] Optical responses of silver cluster cations, Agy', in the size range of N = 9-35
are analyzed by quantum chemical calculation based on TD-DFT. The calculation derives
electronic transition energies and oscillator strengths associated with each transition, which are
compared with optical absorption spectra measured by photodissociation spectroscopy
combined with cavity ringdown measurement for absolute cross sections. The results of
calculation well-reproduce size-dependent increase in the oscillator strength (per 5s electron)
observed by experiment, which becomes larger as the size grows and approaches a value
reported for silver nanoparticles at N =35. The computational result is further analyzed to derive
a collectivity index, n*, for each transition to evaluate the effective number of elementary
excitations involved in the transition. The increase observed for n* at N = 20—30 is consistent
with experimental results, suggesting emergence of collective excitation in these sizes.
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[ Abstract]

Localized surface plasmon resonances (LSPRs) enhance electromagnetic fields in the
vicinity of metallic nanostructures. LSPRs play significant important roles in sensing, nano-
optics, and thermal therapy. For further application of the LSPRs, utilizations of various
plasmon modes such as multipole and magnetic modes are promising. For that purpose,
visualization and characterization of plasmon modes is essentially important. In this study, we
visualize plasmon modes in gold hexagonal plates by using a near-field transmission
microscopy. We assigned the observed near-field transmission imaging to superpositions of the
plasmonic eigen modes. From symmetry analysis based on group theory, the visualized modes
are classified to in-plane and out-of-plane modes. We also developed three dimensional near-
field imaging apparatus to reveal that spatial distribution of the plasmon modes in detail. We
found from 3D near-field imaging that out-of-plane mode confines optical fields more tightly
than that for the in-plane mode.
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Figure2. (a) SEM image of single gold hexagonal plate. (b) Near-field transmission image at 900 nm.
(c, d) Square moduli of eigenfunction. Eigen energy : (c) 5.25Ey, (d) 6.66E. (Ey is eigen energy of lowest
order mode). Irreducible representations of (c, d) are 41, B> in Cg, point group, respectively.
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Figure3. (a, b, ¢) Near-field transmission images taken at various sample-probe distance: (a) 20, (b) 40,
(c) 90 nm. (d) Attenuation slope of extinction intensity at the center and apex of hexagonal plate.
Attenuation slopes at apex and center were fitted by single and double exponential decay components,
respectively.
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QM/MM study on conformational change and reactivity of Zinc-deficient

SOD
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[Abstract] Superoxide Dismutases (SODs) protect cells by catalyzing the disprotonation
conversion of O, . There are the three classes of human SODs, and among those SOD1 and
SOD3 contain Cu and Zn atoms. Cytosolic SOD1 is a homo dimer, and extracellular SOD3 is
tetramer containing two identical homo dimers. Lacking Zn atoms by single point mutation of
SOD1 has been reported to be associated with familial amyotrophic lateral sclerosis (fALS).
However, SOD from Mycobacterium tuberculosis (MtSOD), which structure is similar with
SOD1, has no Zn atom and shows the structural stability and reactivity. In previous work, we
have revealed the catalytic reaction mechanism of SOD3 and that the Zn atom lowers the
redox potential of the Cu atom in the reaction. We performed QM/MM calculations for SOD1
and MtSOD to clarify the role of Zn atoms on SODL in this study.
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(I, SR O EIS R AT 72 SOEASAR 721F T2 < BREE,
PRS2 EORBBEDOZLIZ OV TR LER D
%o SEATHIFZEIC3UNT, SOD3 O JR)FTH 73 I ek % fif
BHL. ZDOBRIZ Zn A4 4D Cu A A v DiETENN % T
FCRISERZ DT THHENZR-ZTEE2HE -
DNT LTe, ABFFRIZIBWTIL SOD1 DO RUGHEE, Zn @D Fig. 2, Structure of SOD3 (PDB
BB Y+ %5 2 L2 A& L, SOD1, Zn K SODL. b jip)

MtSOD (25T QM/MM EHE 21T 9,




[5E: (B - #i)

b k SOD1 @ X #ft ki (PDB ID: 1h15) 225 E7 L &{ERk L7=, Cu & Zn, Cu
& ZnNICENLT D T 2 BEFR L (His46, His48, His63, His71, His80, Asp83, His120) &%
Loy T U ALET D Arglad & Thri37, /K 12 {4 QM fElk, Cu & Zn
225 10A D MM fElE A M IERE R L 7=,

QM/MM FH1% ONIOM #ETHEIT L 7=, QM fHI D Cu & Zn JF 1% Stuttgart/Dresden
ECP JR 72 JERE% (SDD) « 7 2 / B&J 113 6-31G (d,p) ZH\\ T B3LYP TfTo 7,
MM SEIEIE parmm99 % FHu 7=,

Zn K SOD1 £F /0 & LT Zn®'% HICEM L7-b 0, 2H TEMBLZ b0, Zn?
ERELEZLOEERL., FEOHREEZIT- -,

[HR - B£]

SOD1 @ resting JRHE K% TY Zn K45 SOD1 @ resting JIRFE (Cu (II) FEE{LARAE) (DT
QM/MM FHHE %47 - 7=, SOD3 Tl Aspl27 I% Zn |Z 2 JERMZ L CU /=73, SOD1 Tl
BAJERINT & 72 o CTUh/= (Table 1), £7-. SOD1 TiX SOD3 X Y & iEMEAH M T ¥R
BHREFFERT V¥ VENMENZ L (Fig. 3). R L~DOT L T v ZARPRL
o TWD I ENginote, ZOIZ D, SOD3 & IGHERED B 70 > T % AIREME
MEZ NS, £7-. Zn K4E SOD1 OFERND ., Zn OENLT-25 Zn & RO EWVIZEL
JES 5 Z & TERL (Fig. 4). CEORERIEMHEHOfTO ZIREEN LT 52 &0
Syinoiz, A% SOD1, Zn K1H SOD1 DL DAREE K T MESOD (25T 8 QM/MM
HEEZITO,

Table 1, The binding length between metal atoms and the ligand residues (A)

SOD1 His46 His48 His63 His71 His80 Asp83 061 Asp83 0562 His120
Cu 1.99 2.10 1.92 — — — — 2.02
Zn — — 1.98 2.00 2.38 191 3.51 —
SOD3 His96 His98 His113 Hisl21 Hisl24 Aspl27 031 Aspl27 082 Hisl63
Cu 2.04 2.01 1.98 — — — — 2.05
Zn — — 2.04 2.12 2.12 2.15 2.16 —
Aspllj://’:\(o
sssss o 210 _ENZ'\MCU/Q%%N?HE}/’NJ\ .
y ‘H§; e z;ﬂ/ 1.91:;{@ 2//\ ,
N 225 u'T W \3: W;ieg
Lo e Y
B g
143 Gly61 " ){;H/ \r.go

Fig. 3, The electrostatic potential map on the ) _
Fig. 4, The structure around the reaction center

molecular surface (a) and the solvent-accesible
of Zn-lacking SOD1

surface (b) of SOD1

[2E 3R]
[1] Perry J. et.al. Biochim, Biophys.Acta, Proteins Proteomics 2010, 18-4(2), 245-262.
[2] Spagnolo L. et.al. J. Biochem., Mol Biol. 2004, 279(32), 310-326.
[3] Mohammedi K. et.al. Cardiovasc. Diabetol. 2015, 14(1), 845-855.
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Quantum Chemistry Approach to the Reaction Mechanism
for Enantioselectivity of Lipase

oAyaka Shiomi, Yuuichi Orimoto, Yuriko Aoki
Interdisciplinary Graduate school of Engineering Sciences, Kyushu University, Japan

[Abstract] In order to use an enzymatic reaction for asymmetric synthesis of compounds, it
IS important to understand the mechanism of enantioselectivity by enzyme from microscopic
viewpoint. In this study, quantum chemistry (QC) approach was applied to clarify the
enantioselective lipase-catalyzed acylation reaction of alcohol. This reaction was considered
to be a two-step process through two transition states (TSs) and tetrahedral intermediate (THI),
that is, acyl enzyme—alcohol bounding step (TS1) and the next detachment of acylated
alcohol from the enzyme (TS2). Previous report by other group using semi-empirical
calculations showed the existence of THI and enantioselective TS2 step. We analyzed the
reaction mechanism by higher-level QC calculations than the previous report. Our results
proposed more efficient reaction pathway without THI, and implied the importance of
tryptophan around the active site for the enantioselectivity.

[FF] BEERUG 2L B D ARF A RIS T HITIE, =) o F A @R 0 SO %
RGN GRS 2 Z ENEETH D, AR TIEE EFHTEICL D, N
K REESZ ) NX—P At L T 5T L a— LD F U FHRIR T 2 AL S DR
REARIA 2 3 AT, RRBRADFHE L~ UL (PM3) TIT b 7= ek 7e M ¢l ARBUSIE T
VVEER LTV a— L ORES BB CERIRRE(TSL) 0% .. M AT RIATHN)Z & TT
VAL ENTET IV 3 — VR EERE D D BLBE(TS2) 35 2 BBELE(Scheme 1)22672 1 |
T2 PN F U FA~—OHEE TH D LHRE SN TWND, AFETIT LY mFEER
B LFEHRIC X D ROCHEEOMINCI D A, S BIZY 7 —T RO A — A~
— AR RERATERNC X0 $E AR EAEF OBLE B = v F A~ — iR 2 0 &
LTS,

[HiE] Vi—Blck a7 va— 1oz FARRNT SV ULKIEDET LV E LT,
AIXT—NEMBEEL LTEZATFATET—FEAX ) — VO AT VAR N
(L:M=L D72 Z )LHNEIIEE) %2 U 72 (Scheme 1), EBIRRERHE 217\, IRENF
Hr. IRC(Intrinsic Reaction Coordinate)s1 5.2 & 0V KSR ZfER LT, 1-7 ==L X
)= DITF o F BRI T AU OW T SRR R 24T, = v F 4
R O R BIAAE M TICHL D AL TZ,

HN HN £ HN HN ¥ HN
S S S S ©
o Ho, b — | \(Ho | — O"'H:j:o . Oi—leo L| — _OH oY L
T M>g ~ O M>g / \(ﬁ, M>§ ~ I >g \L]/M>g
1 M=L=H TS1 THI TS2

2 M=Methyl, L=Phenyl
Scheme 1. Reaction of transesterification between alcohol and methyl acetate.™



[RER - BL] Lt ele ooz, o d
PM3 & B3LYP/6-31G(d)?D 2 DDEFHE L~ LT on 131 T2 @
& 7= 7 VI (1) D Energy Profile % Fig. 1, 2 ot
IZZE N LTz, PM3(Fig.1) Tl FR A THI
D 2 BBERISDE LD,

-0.12

-0.14 54kgal/mol

-0.16

Total Energy/Hartree

B3LYP/6-31G(d)(Fig.2) Tix THI D720 k9% £ ‘@

EH L BBEROE LV SRR A B, JEE, el Product 17

[ Uit 3 stk bo% Y 7 mT 7 —EIT  Fig 1. Energy Profile (PM3).

DOWNWT THI OF®ENFHERm e > T Bl Y © 61027 | g IS ‘,{
IN—=BINZ DN T b [RIER I R AR 2 @ L 722 %-em.zh‘ 29kcal/mbl J’MJ
FOGAE #E D FIREME 2 AR RIT R LTV 5, f\-mo.w 1.77/\%807‘
T T 1 BBERUS(Fig.2)d TS 13, 2 BERERUS £ 6050 N el
(Fig.1)?> THI & TS2 OhftEETHH = & 2003 | '@
%) §7\73>o 77,:0 E 61032  Reactant (TS)

-610.33 Product

FBICEDHE 1-T == xS )=V DIF 5ios Energy Profile (B3LYP/6-31G(d)).
YFAERT OAEROE T, SIRE D B R
RDOFUSHE N KR E W, A EEFVRIGQR)DFHH TH7Z R IKR-TS) & S {K(S-TS)D
EM b= f L F—Z 3 5 & (Table 1), HIEREHNAIKREL< b & & HIT, S KRITH
T 5 R IKDEBAENTAF I/ >T-, T 2T, 7 ==/L(Ph)EN L HfMZNTWN5D
R-TS & [T, S-TS TIL Ph ERNLR T (Fl) Hz T4 (Fig.3), BEENT
ZIEPESRAL O JE R IZ & 2 Tryptophan(Trp) & O FE D 7= ¥ (Fig.4), S-TS IX5EERITITELY
ZIEWEEToH 5, & Z T Ph I _EJ7 1 Z [ SR HEZE E 70 R A 15 (MeRS-TS,
Fig.3) & R-TS % [L#E 35 & RARDOENIMEIL S HIZHE K L7=(Table 1), & HIZEAHIEIS
&5 Gibbs HHZ /L F—Z2ZE L TH b4 b H LB LEOMERITEDL LR
WZ ER ol A%, EBRIZ Trp 25 oEFEREE 2 BV IAATZE T V(Fig. )kt
LT F U FARIEIEA L TWA 7T X Baik i E 25T L T <,
Table 1. Activation energy (kcal/mol) for R-TS, S-TS and M¢®#S-TS f} &

AEd D AG?ab.o) 39

4

B3LYP R-TS  43.4(0.0) 48.0(0.0) $

16-31G(d) S-TS  43.0(-04) 47.5(-0.5) :
MeaS.TS 450 (+1.6) 48.2 (+0.2)

B3LYP R-TS  459(0.0) 48.8(0.0)

16-31G(d,p) S-TS  43.7(-22) 47.7(-11)
MeaiS.TS 458 (-0.1)  50.5 (+2.0)

B3LYP R-TS  454(0.0) 50.1(0.0)

/6-31+G(d) S-TS  458(+0.4) 515 (+1.4) S 4 Structures for RTS
Meag.TS) 465 (+1.1) 52.0 (+1.9) e S less Ts

B3LYP RTS  455(0.0) 52.1(0.0) “is al -

/6-31+G(d,p) S-TS 46.8 (+1.3) 52.4 (+0.3) active site

MetaG.TSD 47,5 (+2.0) 52.2 (+0.1) e

a) Energy difference between reactant and TS. b) Parentheses

show relative energy to R-TS. c) Gibbs free energy (298 K, latm)

calculated by thermal correction of total energy. d) Single point

calculation for modified model based on S-TS structure because
no TS stationary point was found for the focused conformation.

[Z%%ifﬁﬂ [1] T. Ema, J. Kobayashi, S. Maeno, T. Sakai, and
M. Utaka, Bull. Chem. Soc. Jpn. 71, 443 (1998). [2] A. Imamura, ey {
H. Sugiyama, Y. Orimoto, and Y. Aoki, Int. J.Quantum Chem., 74, ; —

761 (1999). [3] J. A. M.-Gonzalez, M. Gonzalez, L. Masgrau, and sFl:?roﬁthr?g g?&%?brg%?éﬂgcljngctgcg
R. Martinez, ACS Catal. 5, 246 (2015). site in linase (PDB: 4TGL).
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Cryogenic reflecting objective with a high numerical aperture and wide
field of view

oTakaki Ishii, Yasuharu Toratani, Masanori Fujiwara, Keita Ishida, Satoru Fujiyoshi,
Michio Matsushita
Department of Physics, Tokyo Institute of technology, Japan.

[Abstract] Fluorescence microscopy is capable of imaging noninvasively of biomolecules
with a single-molecule sensitivity. However, 3D imaging of individual biomolecule with a
molecular resolution is challenging. We have developed fluorescence microscopy of
individual molecules under cryogenic conditions. For the observation, we designed a
cryogenic reflecting objective with a high numerical aperture and wide field of view. The
cryogenic reflecting objective is composed of an aspherical mirror and a spherical mirror.
Because two mirrors are constructed on a single-component fused silica lens, the cryogenic
reflecting objective works in superfluid helium. By using aspherical mirror, its numerical
aperture is 0.90 and its field of view is larger than 80x80um? by optical simulation. We
measured fluorescence imaging of individual Alexa750 molecules for 30x30pum? with the
cryogenic reflecting objective. The observed fluorescence spots were nearly
diffraction-limited shape.

[FF)] 2OtmEmEE L, RN FE2ERENS 1L DT ORIETA A=V 735280
ARETCTH D M. AW OEN XL > THREBEE nm IZHIR I TWD. 20
T2, KREEDE nm TH LM~ OAEERS FIREOMAEERZ 3RTA A= 7T
HZ LT LW, 22T Fx IIMGIE TAKS F OB 2 S CEIZRT S, 7
TAAENTAMEEEZBIREL CND., T2 CTHEEERDION, 7 74 ABEMEERICHEL
Xt L o AER) BT 52 & ThDH. ZOXMWEITTEMEOEBE KY 7 M &
MADTDIERE L B L THMHTE, £72. 1 570D OMEs it 2 4%
KKEDDT-DIZ, KMEOH OB NA ZKRELTHMLERD H. —iHRFTO R
TIEE NA ZEBT 57 DICHBRELS o TV, T2 THRAITRZAEL, &
NA Z#EH: L7253 5 80X 80pum? sm_ B

Lo ERBoxmszme O 0 . = ]
LD THRET 5. 4 é o g j /(é}\ g :
E> =L 3% " ” a4 g 2+
[%Eﬂ—l 1(3.)E6i¥0 A1l @Tﬂt NA:{].%,.OS mm e 1 2 4 0 1 2 2 a9 8 1 2
'f%@ 7 3 /]} j_;(‘\—‘l’q:@é%"c‘ &) é . : (b) . X Pasition / pm . )(Poslt:lon.fpm . X Pasition / pm
OXHHIL D K 5 1C ek & & - s ‘-
FEEKEEFF oA L X2t f o @ @ ()
BEL, ZTOERMIT VI ZEZE 3 o {,

‘;_.Lg% 1/7‘:%)@"6‘3?)5 2 /)O)’f;ﬁ NA=0.90, f =252 mm --2 S0 2 2 4 o0 1 2 2 9 0 1 2

¥ Position / pm ¥ Position / pm X Position / pm
DR STV D T2 i Figurel. Optical simulation for field of view of cryogenic reflecting
objectives.



KAV T AEECHEMAGETH S, FEERmEELZ V5D 2 & T, BRT CTORM O
NA 7% 0.96 & IZIFEGRIRAQL0)NTIEVMEE > TV A, o, SBEEHNTWA DR
NENYETHD., L, 2DV T A AWEEITHEE 235 pm? TH 5 &0y 9 [RED
otz K @A ITMEORBEONFE T I 2L — g Th D, EAOum, Opm)iz
WA LD TR AR Y FERDOIZX LT, Y=2um,3um EEEiLD & AR v
MIKRELSHNTLEY ZER005. DFD ., ZOXIEOHREN L 1X1pm? & 72 5.
FLEMIIT N E NS D THZF DK E I 10X 10um? 72D T, BLEL AT 5 1T ITHRE 23
BY RV, 22T, EEOBEHMEE LoD KWRE BRI LT- 7 T A A xtiés & ik
L7, ZOfERZX 1(b) T, X 10 AT WEDIRE DY EF Y I 2 b — 3 T,
RO 40um BENTZALE THHOLT 4 A7 DIRIERILTWRNZ EB 005,

(@) Cryostat Laser

[EBRFIE] 7 7 A Aot st o g X
2 2@ d. X o RENE MR & 3%

Concave Mirror
T == bRt E =L XTY ' ‘o
/&*T}i% L. ]/“—'U_’—X#‘JV V%%T%f& o Beam Splitter
age

R o oM S (FEREREE f)zfih L Tr 7
AFAZ Y MZEPOARTL. 774F

~— Superfluid helium

AH s NND Y T A ASEHDEEEE ST ) O Concave Mirror
TR AR . MBI DREHIIE T e M FT
LA IR & /Y YK @ sl N 1Y S oI ABULL %3-S | PP i S —
B E—LARTY v X —%FiE LT APD e T T  age
THHT 5. EBENOLFERITAINES 2fc + fob e :

> PaNs NE YA L W
? Z— T, & TH Tt N I T’L\ 2. XT%%’EZ & Figure2. (a) Setup of cryogenic fluorescence
AEHE 1 DDOFRNE —|ZEE S AVTIRRE T microscopy. (b) Optical principle of laser scanning.

T ITAF ALy PNIZEHE SN TWATZD, K Eburiis
A INWVEGPH TR T 5 72D I3 elkl & 0 400 800 1200

7 TA A YEEDOE S ONNERMREEZD
EOICEENLETH L. ke EhT @
DL —P—2F v UL X 2(0) TRT L
N 2 K DOMEEEN B Y S > TWA. 1k
TCIZEER[RE/R AT — U % 2 S W CUHE
B A T NICE T Z & T 7T A AW
BEIZ AN 2 AT DA E 225 b Sk
~ORENEEZEZ S, R 2 EET 5 Y
VNV AF ¥ o0k, BN AT 3 e E)
AT =V HENT L TITD .

Y Position / pm

[HER] 58D v T4 FxktmssE % VT, o
]/__qj»b_xag‘,\? V«ciﬁﬁlﬁ,{%_vy&%?jﬂ 0 5 10 15 20 25 30

STHERMNK 3 THDH. AEHE Alexa Flour X Position / pm

750 TH 5. ¥ 3(a)iE 30 X 30pum? DA A O
BELELDOTHD. 3(b), (c) VL& o i i
DARy FELRLIEZLDTHS. Z 2
5. EBROEHFEANTIE 1 570D 0®EIEA
TLLOTEVRS S B ATET e s b e
Figure3. (a) Laser-Scanning Fluorescence imaging

of individual Alexa750 molecules. (b) Dye at
(0.75um, 2.55um). (c) Dye at (27.20pum, 27.95um).
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Theoretical Study on the Relationship between Hydrogen Bonds and
Ionization Potential of [2Fe-2S] Ferredoxin Using ONIOM Method

olori Era, Hayato Tada, Shogo Aoki, Rena Teramoto,
Yasutaka Kitagawa, Masayoshi Nakano
Department of Engineering Science, Graduate School of Osaka University, Japan

[Abstract] The electron—transfer proteins play an important role in the redox reactions in
biological systems. Some of them utilize the Iron—Sulfur clusters as their active sites. It has
been suggested that their redox potentials are well controlled by hydrogen bonds around the
active sites from the experimental studies on the structure—function relationship. However, a
mechanism of the control has not been clarified. In this study, we focus on the active site of
2Fe-2S ferredoxin. We have constructed several models and have elucidated a relationship
between ionization potentials and hydrogen bonds by density functional theory (DFT)
calculations and ONIOM calculations. The results indicate that the ionization potentials are in
proportion to the number of the hydrogen bonds around the active site. It is expected that a
single hydrogen bond reduces the ionization potential by about 0.27 eV.

[F] T4, JeBRA I =X LD ) T, ARNOBMLIETT S AT ARNER %
LOTWD, Flo, ERNTEHmEZH I BREWE 2B L, AT
JIGHL LD &2 bITObNTWDS, EFRES NI EHEO—DOTHLH 7 =L FF
T (FA)IE, BR-Bid(Fe-S)7 7 A X —ZiEMEFLICH L, RN TREDOBRLIRE L
& Do ARHFZETH D [2Fe-2S] Fd 1ZBE{LIRRE[Fe,Sa(Cys)a]™ . i TEARRE[Fe,Sa(Cys)a]” D A
PFAET D, [2Fe-2S|FAICIZ7 T > M 7 FL/ Ry oM EOEEDH 575, [F
CHEEOIEVER O 2RI b D 5 FRRGIETTEMN N R R D 2L RMon TS, L
L. BAGESTEAL S HIE S DI OV TIRIEAH RN L, Z Okt
BALOEAIE, TEEFOICE £ D 2Fe-2S 7 T AL —D A LR T ¥ v )L(IP)E
ERFERDRKNTH LD Z EDNWMESNTEBY[1], TOWEE LT, 7 72 F—EUD
W RA DL F REAHEED N-H L[S H-NPHDOKFEFEEEZERT D Z &R
SNTWVD, Lol XBEERITR R DHEE SN TWDIZIFICE EF 0, B
RAEBIA R SATURY, ERIITIR 70 b1 b AR EOME L | AR
TET KD FINBTEOTRBREDOIREZ T TERLDZ LITEHELW[2], )7, 4Hf
FIN—T TILBBALER Y 7 BT HBUNTKFERED D3 [4Fe—4S I IH H DT KIF 3§
BTG 2B LR L VB ST L TEZ[3], £ 2 TRIFZE TR, 2Fe-2S TEME
HULAE DK FEREG ONRITE B L, KFEREE & 1P OBR A % EPLREEIEDFT)F A
& ONIOM JEIZ & » TR~ 7z,

[F+B 5] Anabaena PCCT119 H3EDER{LM [2Fe-2S]Fd (PDB ID: 1QT9) D1k %
WTET LV AAESE LTZ(Fig. 1), IEVEFLEHOKEREN ST 6T RHBZH~D5 720
2. [2Fe-2S)7 7 A% —& | JHIOKBHEE L TWDLT IV BERELEZALTHWDLET



NVERESELUTZ[3], BT AMAEBEICERD A
NAHT7 2 ) BEEREOHCHEEZE 2T
WS ZEIZRY BKRFBREED TP IZ K
T REL AT, FHETFIEIX DFT & SN2
Z AV L% & LT B3LYP & iz, a
TEPER DDA Y U aiRE ZET 570 N
12, A U IERIRBEH R 2 F T LT, 2 /e
JEBEEE, ST L Tl 6-31+G*, =D T T
fih DRI B W TIE 6-31G* % V7= CHy  CHy
OKkFEOH & sE L OFRIE Fe, C,
H 2% L TiE 6-31G, N, O ZxfLTix
6-31G*, S 2% L TiE 6-31+G*& H\»
;L))/F fj? \K H{E?i‘ijj 5‘5}6?5; &;:;: ;2 Z hydrogen bonds, and (2) model including hydrogen
IR AHT-IT, XU ERIR %.AZ\' bonds of the amino residues. Dotted lines express the
AT2 ONIOM IR BT o 72, T X TDEF hydrogen bonds.

BBV T Gaussian 09 2 v 72,

ER - BE] 1P 13 Ll OB ARNGE TR L7 bREE LB oRIEEO =X L ¥ —D
75 (Eox—Erd) MHRDTZ, KFBHEB Z2 G E720E T L(Fig.] (1)) TD IP 1Z-5.06eV T
HoTDIZxt L, & TOIEEFLEDOKZRESZE AT T V(Figl 2)D 1P 13-
1.62eV & 7o 7=, FEZRENT OFE R, ZHiE, KBREEIZL - T 7 A7 —E0ICIE
DOHESZPELND Z LICE D 7T A —DOEEMBPPFIE N, TOFER, ETIRE
WEEILESNTZZ ENFRINTH D Z LB Doo To, L O JE I ITE DK FERE
ENBHDLN, TNENDONEEZTRD 2D, fHx DKEFES DI EGTET LA
FREEELUIP ZRD7=, T5&, TNFNOKE-ENERDLOIPIZEH 2 5B b&E
WZIHEVWRHE A onenol-, Mh, KEBEHEEOEIZKHLTIP 2702y bT5
EFig2 DX HIToTz, ZORRIY, KEBHEAEOENHEZ 51T L., EITIREEN L
EL S, EEFRLO IP NIEOFRIZBEIT S5 2 L RS T, £TKEME 1O
H1=0 027eV BREIP 2L EHZ LWL ERoT,

INHORERI Y | BALESTCEMMITIEET OfHEDOKFREEOBIZ LV L E 5
T ENTE, FHABEORRGEH L7200 5D LW BN o T, AR TIX, #
VRV BIZ R DGOMMBE X HITELETHT-0HIT, ONIOM #EE2 W TH Ny E 4
ROFRE G EIT LT, TOREOFEAMITY HHET 5,

(1) ()

Figure 1. Model structures: (1) model excluding
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Figure 2. Number of hydrogen bonds vs. ionization potential.
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[1]1 L. Noodleman et al. J.Am.Chem.Soc. 125, 1923(2003).
[2] James A. Birrell et al. Biocemistry. 55, 4344(2016).

[3]1Y. Kitagawa et al. Int. J. Quant. Chem. 108, 2881 (2008); Quant. Sys. Chem. Phys. 26, 345 (2012).



	3P061_w
	3P062_w
	3P063_w
	3P064_w
	3P065_w
	3P066_w
	3P067_w
	3P068_w
	3P069_m
	3P070_w
	3P071_w
	3P072_w
	3P073_m
	3P074_w
	3P075_w
	3P076_m
	3P077_w
	3P078_w
	3P079_w
	3P080_m

