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Abstract

The aggregation induced emission (AIE) of a syanostilbene derivative, called CN-MBE,
was studied theoretically. The E-form of CN-MBE has been known to exhibit the AIE, which
is non-emissive in dilute solutions but becomes highly emissive in solid or aggregated states;
however, its Z-isoform is non-emissive even in crystal. In this study, the conformation-
dependent AIE mechanism of CN-MBE was investigated by using electronic structure
calculations, together with molecular dynamics (MD) simulations. The results of electronic
structure calculations showed that potential energies of CN-MBE for electronic ground (Sy) and
first excited (S;) states are degenerated at a conformation with the twist angle of 90° around its
ethylenic C=C bond, which can lead the fluorescence quenching of this molecule in dilute
solutions. The results of MD simulations revealed that the E-forms of CN-MBE tend to
assemble in close contact, where the ethylenic C=C bond rotation is markedly restricted,
preventing the fluorescence quenching via the Sy/S; conical intersection; its Z-isoforms,
however, aggregate sparsely, proceeding the barrierless non-radiative transition. These results
gave a clear picture of the conformation-dependent AIE mechanism of CN-MBE.
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Figure 2. Potential energy diagram. Figure 3. Aggregated structures.
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Figure 4. Changes in twist angle of the ethylenic C=C bond during MD simulations.
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Resistance to oxidation reaction of transition metal oxide cluster anions
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[Abstract]

Transition metal nanoparticles with co-existencangftal and oxide sites, can be utilized
for catalytic applications. For example, polymenbstized iridium cluster shows high
chemoselectivity for hydrogenation of nitroaromati@aving other groups (e.g. -CHO, —CN).
Origin of the chemoselectivity has been proposedetbaon bifunctionality of partially
oxidized sites on surface of,lin this study, we generated cobalt {(and Ir(Ir,) cluster
anions in the gas phase, and investigated oxidasroducts (CgO,, and IOy ) while
changing the @concentration. The number of adsorbed O atam)sof Ir,” increased, and
saturated am = n andn + 1 with increasing the £concentration. By contrast, oxidation of
Cao, showed relatively stable @0, with n = m as intermediates for further oxidation to
generate G@®,, with nearly bulk compositionn(: m = 3 : 4). Origin of the difference of
resistance to oxidation is discussed from the @malyf photoelectron spectra and theoretical
investigation of geometric and electronic structure
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Fig. 1. Mass distributions of (a) Jtbefore
reaction with @, and (b) reaction products
with O, 11,0y = (n, M).
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Fig. 2. Plots of AEAs of I (open circle)
and Cq (open square, from ref. 4) with
=3-9.
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Direct observation of superatomic orbitals of ligand-protected metal
clusters by anion photoelectron spectroscopy
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[Abstract] In this study, electron density of states of alkanethiolate-protected Au clusters
[Auxs(SCn)1ig]” (SCn = SChHon+1, N = 8, 10, and 12) were probed by photoelectron
spectroscopy. The ions of [Auzs(SCn)ig]™ chemically synthesized were introduced into a
time-of-flight mass spectrometer via an electrospray-ionization source, mass selected, and
irradiated with the third harmonic of a Nd:YAG laser (355 nm, 3.50 eV). The kinetic energies
of the electrons detached were measured using a magnetic-bottle type photoelectron
spectrometer. The photoelectron spectra of [Auzs(SCn)is]” (n = 8, 10, 12) exhibited two
distinct peaks assigned to the superatomic 1P orbitals and the d-bands localized on the Au
atoms.
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Fig. 2. (a) Difference mass spectrum
of [Au25(SC12)15] with and without
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[ Abstract] Thermal dissociation of the cationic niobium-vanadium oxide clusters,
NbnVmOx™ (n + m = 2-8), was investigated by gas phase thermal analysis. The oxygen-
rich Nb,Ox" released O and O for odd and even values of n, respectively. For Nb,VmOx™,
substitution of more than one Nb atom in Nb,Ox* by V drastically lowered the desorption
temperature of O for even values of n+m, whereas the substitution of more than two Nb
atoms opened a new desorption path involving the release of O> for odd values of n+m.
The substitution effects can be explained by the fact that Nb atoms display the +5 state,
while V atoms can exist in either the +4 or +5 states. The geometrical structures of
selected NbnVmOx™ clusters were optimized and the energetics of the release of O/ O2
from the clusters was discussed based on the results of DFT calculations.
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Isomers of gold oxide clusters probed by temperature

desorption spectrometry
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[Abstract]
Anionic gold oxide clusters (AunOm") were produced by laser ablation of a gold rod in helium
carrier gas in the presence of oxygen. Oxide clusters (Au,O2") were obtained for even n, while

no oxides were produced for odd n. The oxide clusters were found to release O, when they are
heated. Activation energy of O> desorption from gold oxide clusters were estimated by the
temperature dependence of clusters, and values were approximately 0.5 eV for AunO2 (n =4,
6,..., 14) and 1.0 eV for Au202. When N2O was used as an oxidant, gold oxide clusters were
generated both for n = even and odd. O> desorption was observed for AusO2 and was not
observed for other species. These differences suggest that geometrical isomers were produced
by using N2O as oxidant.
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Development of Large-Scale Fine Synthesis Methods for Nanoclusters
toward Nano-Materials Science
oHironori Tsunoyama
Faculty of Science and Technology, Keio University, Japan

[Abstract] Nanoclusters (NCs) exhibit high potential for functional materials based on their
unique, size-specific properties. Toward the NC materials science, two types of nanocluster
synthesis methods have been developed. The yield of NCs in the clean dry-physical process
was improved by a high-power impulse magnetron sputtering. Ultra-fine microfluidic mixer
was developed for an advance in size-selectivity by the uniform reaction field. Two methods
were demonstrated for fine synthesis of metal NCs.
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N. Hayashi et al., Langmuir 30, 10539 (2014).
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Nitridation of Tantalum Cluster Cations by Successive Reaction
with Ammonia Molecules
oMasashi Arakawa', Kota Ando', Shuhei Fujimotol, Mishra Saurabh?,
G. Patwari Naresh?, Akira Terasaki'

! Department of Chemistry, Kyushu University, Japan
? Department of Chemistry, Indian Institute of Technology Bombay, India

[Abstract] We present reactions of free tantalum cation, Ta', and tantalum cluster cations,
Ta, (n=2-10), with ammonia molecules. The monomer cation, Ta", formed TaN,H," along
with two H, molecules released in the reaction with two NHz molecules. Two hydrogen atoms
remained on the cation, i.e., complete dehydrogenation did not occur; the oxidation number of
the tantalum atom reaches +5 upon formation of TaN,H, ", and hence no more dehydrogenation.
On the other hand, all the tantalum cluster cations reacted with two NH; molecules to form
Ta,N," along with three H, molecules released. Further exposure of the cluster cations, Ta,",
to ammonia showed that Ta,N,,H" and Ta,N,," are produced through successive reaction with
NH3; molecules; a pure nitride and three H, molecules are formed every second NH3; molecules.
The nitridation occurs successively until the oxidation number of tantalum atoms reaches +5.
These experimental results along with computational studies suggest that the progress of
nitridation is governed by the amount of electrons that can be donated from tantalum to nitrogen
atoms. The present study revealed that NH; molecules reacting with tantalum cluster cations
preferentially produce tantalum(V)-nitride cluster cations along with hydrogen molecules.
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Temperature desorption spectrometry of ruthenium carbonyl clusters
oKen Miyajima, and Fumitaka Mafuné
Department of Basic Science, School of Arts and Sciences, The University of Tokyo, Japan

[Abstract] The ruthenium carbonyl clusters, Ru,(CO)m*, were synthesized by the laser
ablation of a ruthenium metal rod in 0.5% CO/He carrier gas in the gas phase. Composition of
abundantly formed clusters was (n, m) = (1, 5), (2, 9), (3, 12), (4, 14), (5, 16), (6, 18), (7, 19),
(8, 21), (9, 21), and (10, 23) at the room temperature. Stepwise CO molecule release was
observed upon heating (T = 300-1000 K). Activation energies for each reaction step was
estimated to be 0.3-1.1 eV for Ruz3(CO)n" from the temperature desorption spectra.
Activation energies for (2, 9) and (3, 12) were relatively higher than intermediate
compositions. Relation between activation energy and CO binding energy was discussed.
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Methane activation by tantalum and tungsten nitride cluster cations
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[ Abstract] Gas-phase reactions of tantalum and tungsten cluster cations and their nitrides,
MiNn™ (M = Ta, W; n < 6, m < 5), with methane were investigated at near-thermal energies.
Specific M, N clusters react with CH4 to form M N,CH," efficiently even under single
collision conditions. The reactivity of the bare Ta and W clusters decreases rapidly with the
cluster size, and Ta,Ny," are almost inert. However, most of W,Npn" (m > 1) are active for the
CH,4 dehydrogenation. These results indicate that the presence of nitrogen atoms improves the
reactivity of the bare W, clusters. In addition, we examined the reactions of some highly
reactive clusters such as W3N;™ and W,N" under multiple collision conditions and observed
the production of W, NnCoHy " and W4NC;Hg  via the dehydrogenation of CH4 molecules.

[F] SHEEA AL D A X DEMHILITIAS RSN TEREY . HED 5d B
GEA A (Ta", W', Os™, I, Pt") 12X o> TAZ U OBAKZERISHNR L H#ITT 5
TENHMBNTWD[1], 7o, ITHFEOHFFETIE TaN" DO L 5 & BElmA1 4 iz Xk
STHAX U EEHALTEALAZ EDRDN-TEL2]l, —H T, BB TAX—FD
ZAEMZ L D A Z AFHEALOWEFNT D73 < MBSV A RFEI TR WS TEE R T
JTAR—E L TIHENRE SN TWDE DR TH H[3], & Z CARIFIETIE, &FA
F U TCEIEMER Z VBNV E R TAT DT T AR —FA T BIORNEDRERY &
AR EDRMEIGETNR, 7T AX =P A XL D RIEMEEAESCERIRIN DO R %
B &Mz LTz,

[ (EBBR)] IE L=k /) oA A T4 KD&EE (Ta £/21IW) ¥—7 v b
[FRHC ANy Z Y T H 2 EICE V&R T AZ—2 AR L, MHENTANY UL
& AR S E TEIRREICHA LT, @REMM I 7 A F —%2ET 55613,
B—4y NEELIRBAIRICELELREEZEALL, ZOXICLTEKRLEY T2
—IEA A2 Z MEBE & 08ras TH A X - Ml Z@B L, KISERTRAF 51 &1l
RIS, BOWNEMEEDIERICK O RRICD 7 T AL —A F v LA F D&
Z—[EE LB W THIE L, Ok a2 ko7, 7z, ZREIERERMETOE
A A E AT

[#EE - E£] 9. MN, (M =Ta, W)& CHy & O —[RIEZER G & B )L 2 — fE i
(ZEEE T DR (28 = 1L ¥ —02 eV) Tz, ZOREE. T MiNnCH, 8
A Ao & LTSN, TN TasN, 72 ED 7 T A X —TiE MNaC DRk o
TINCHBNT, ZIDDERA A OBIENT, LD X 9 70 A & UK OG5
ITCWVWDIEEREBLTVD,

MyN," + CHy — M N CH," + H, (1)



MuNp "+ CHy — M N,,C™ + 2H, ()

X 112 Tay'. TanN'. W BEX N WN'D A Z U BKBGHTEED 7 7 A X —H A X
EAFMEZ R T, Tan DELAIEN<4 TRA X L OPKRBISHBIR S 7-725 F ORI
L7 T AF—H A XL L HITHFICED Lz, 72, TaN OGS RE I n=1-3 ®
A RFEIE T Tan (2T URE 22D —C, TapNp (M >2)TIE TazNy &RV T
A AT U TCRIEETH -2 (K 2), Wy (n=1-6)& CHy & OFUGTIE, W TOD
IR FBIISIN I BI, 7 T AF =72 D & ZORISEHIHI SND Z EnbiroT-,
—. WoNTEn =2 2R\ CHE R & 72 SOSWERE 2~ L, FFiZn=3-5128B8W\ T
ZH | AN K0 BOSHEE Wa e TEIBCH E L7 (K1), A &% Bk
HFEDEZE T AN X —(KIFMEE T2 2 A, WN™ (n =1, 3-5) TIEfEZE = L £ —
DO E & HICRSWRENED T2 2 ERNbhotz, ZHUEZ ORISR FEEN T,
TRV —[ERENEN L AR LTS, I5HIZ, WoNp (m>2)TH A X DOk
IIEGIZEITLTED (K2), E2EDOHFEICL > T W-C X W-H OFEGNRE S Z
ERLET N-H FEHDERNHR S ND, TNDHDOMRNL, F T AT T TR
Z—DIEFIMBZ L EZNT TAZ—L D HELONRITIRE | BISWHER D 2= 7
FTAZ =L > TAZ U ZIEH L TEDL Z ENHIA LT,

WIZ, FRICRE R A X KB WHEEZ R LT24 DDX T AT VBT T AKX
— (WaoNy', W3N™, W3N3©, WuN') [Z2DW T, FUNENO CHy  EAEEINSE5Z 21T
X 0 2R E RS E TR, TRTDO T T AH—T WoNnCoHy DR S H,
WN TIZE 51T WuNC3Hg WAERK LTz, 26 DA 4 DA EIL CHy DIESTD 2
FRBIOZIFITHHITHZ LD, ENEFN2 0 FBIO3 51D A2 R KFEK
JMZBS- L TR, BEOINEEY A RHD LD EHERI SN D, Z ORERIT,
BT AT VA ) T AZ —Z e L THEBEDA X 10 b C UL EDR
LK B~ DEHA S S EITT D A REME 2 R L T\ 5, 41k, fH 2955 i fif Bt 15
el EHNWT, WERBOHEZH LT L TETH D,

TapNm* W;Npy*
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Fig. 1. CH, dehydrogenation cross section of
Ta,", Ta,N", W,", and W,N" at the collision energy
of 0.2 eV.

Fig. 2. CH4 dehydrogenation cross section of
Ta N, and W,N,," (m > 2) at the collision energy
of 0.2 eV.
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