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Au-n interaction in diynyl-modified gold clusters
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[ Abstract] It is well known that alkynyl ligands can function as ¢ and n coordinations to
metal atoms, which gives interesting features in the resulting products. In this work, we
synthesized a novel [coretexo]-type Aug cluster bearing dinyl ligands to obtain insight into
effects of extended m-systems on cluster’s properties. The X-ray structural analysis revealed
that the diynyl ligands were not only bonded to exo gold atoms, but also interacted with
proximal gold atoms. Such a interaction was not observed in a monoynyl-modified analogue,
suggesting that the non-bonding interaction was associated with back-donation from the Aug
framework to the diynyl ligand. An IR analysis indicated that terminal -C=C- was weakened
by the interaction in the diynyl-type cluster. This work demonstrated the unique non-bonding
interaction between the gold core and the diynyl ligand in the small gold cluster.
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Fig. 1. (a) Crystal structure and (b)
Au-m interaction of 2.

Abs (normalized)




1B11

HDIEROFRFAS— M REEIVSRE—
Au,s5(SR) gD E R & T DR
THROKBEEE, EECRPBEEE, *HUKESICB, ‘JST CREST, *HUERAFEHE
OFEME', mEE R, s>, INEE RS, R, (nEsk’

Synthesis of a Novel Thiolate-protected Gold Cluster Au,s(SR)s
with a Face-centered Cubic Structure and its Origin

oTsubasa Omoda', Shinjiro Takano', Seiji Yamazoe>**, Kiichirou Koyasul’3 ,
Yuichi Negishi’, Tatsuya Tsukuda'”
! School of Science, the University of Tokyo, Japan
? Graduate School of Science, Tokyo Metropolitan University, Japan
3 Elements Strategy Initiative for Catalysts and Batteries, Kyoto University, Japan
* Core Research for Evolutional Science and Technology, JST, Japan
? Graduate School of Science, Tokyo University of Science, Japan

[ Abstract] A representative thiolate (RS)-protected gold cluster, Auys(SR)is, shows a
fingerprint-like characteristic spectral profile regardless of the R-groups, reflecting the common
motif of the structural backbone made of Au and S: an icosahedral Au,; core fully protected by
six oligomer units of Auy(SR);. On the other hand, we reported in 2006 that an Au,s(SPG);sg
cluster (PGSH = N-(2-mercaptopropionyl)glycine) exhibited an optical absorption spectrum
significantly different from that of the conventional Auys(SR);s, suggesting the formation of a
non-icosahedral Au core. Here, we investigated the structure of Au,s(SPG);s by UV-Vis
spectroscopy, extended X-ray absorption fine structure analysis and density functional theory
calculations. Spectroscopic results indicated that Auys(SPG);s has a face-centered cubic (FCC)
Au core. We proposed a model structure formulated as Au;s(SPG)4[Aua(SPG);]2[Aus(SPG)s]2
in which an Au;s(SPG)4 core with an FCC motif is protected by two types of staples with
different lengths, Auy(SPG); and Aus(SPG)s. The formation of an FCC-based Au core is
attributed to bulkiness around the a-carbon of the PGS ligand.
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[ Abstract] Hydride-doped Au superatoms [HAuo(PPhs)s]** and [HPdAus(PPhs)s]" were
synthesized from the oblate superatoms [Aug(PPhs)s]*" and [PdAus(PPhs)s]**, respectively.
NMR spectroscopy and DFT calculation showed that the hydride was bonded to the
uncoordinated site of each superatom and behaved like a metallic component rather than an
anionic ligand. The doping of hydride induces structural change of the oblate superatoms and
injects two electrons into nearly-degenerated superatomic orbitals, leading to the closure of
the electronic shell.
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[ Abstract] We recently reported formation of hydride-doped superatoms (HAuo)** and
(HPdAug)" with closed electronic structures through reaction of H- with oblate superatoms
(Auo)** and (PdAus)** with non-closed electronic structures. This work demonstrates selective
transformation of these hydride-doped superatoms into larger superatoms (Auii)” and
(HPdAuio)* by incorporating two AuCl units. The H atom in (HPdAus)" survived during the
growth, in sharp contrast to the proton release from (HAug)>* in the growth process to (Aui)".
It is proposed based on single crystal X-ray diffraction analysis and density functional theory
calculations that H is located inside the (HPdAuio)". Two AgCl units were regioselectively
doped into (HPdAus)" to from a new trimetallic superatom (HPdAg»Ausg)*. This finding
suggests that hydride-doped superatoms are promising precursors of new superatoms via
atomically-precise bottom-up approach.
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[1] S. Buckart et al. J. Am. Chem. Soc. 125, 14205 (2003). [2] K.
Monda et al. J. Phys. Chem. C 120, 18588 (2016) [3] S. Takano et
al. J. Am. Chem. Soc. 140, 8380 (2018). [4] W. Bos et al. Inorg.
Chem. 24. 4298 (1985). [5] L. N. Ito et al. Inorg. Chem. 30, 988
(1991).
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Fig. 1. ESI-MS spectra of (a) before, (b)
just after, and (c) 1 h after the addition of
AuCIPPhs complex to 2H. The asterisk

indicates the fragment ion of 4.

Intensity (a.u.)

Fig. 2. X-ray structures of (a) 3, (b) 4, (c) 5.
Phenyl groups are depicted as gray sticks
and hydrogen atoms are omitted for
simplicity.
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Temperature dependence of vibrational spectroscopy for thiolate-protected
gold nanoclusters: Size dependent ordering behavior of organic-monolayers

oTakaho Yokoyama?, Naoyuki Hirata®, Hironori Tsunoyama?,
Yuichi Negishi?, Atsushi Nakajima'=
! Graduate School of Science and Technology, Keio University, Japan
2 Department of Applied Chemistry, Faculty of Science, Tokyo University of Science, Japan
% Keio Institute of Pure and Applied Science (KiPAS), Keio University, Japan

[Abstract] We studied vibrational spectroscopy of size-selected dodecanethiol-protected
gold nanoclusters by infra-red reflection absorption spectroscopy (IRAS). The IRAS spectra
show that dodecanethiol ligands on smaller sized Auzs nanoclusters are more disordered than
the ligands on larger Ausg and Auz44 nanoclusters at 100 K.
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ip E— ROMENHEA L, Auxs(SCi2)is Tldop E— RERREEIZR D, T L ORER
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65 43 2 1 100 K 65 43 2 1
“W“\/\/’\NM'W N/ VV C12 SAM
3 160 K 3
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S KR AV
= ' 220K P
£ N WS £
c H 280 K c
S*W““Y\Mﬁwv S
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\V To.003 Jo.00s V
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Fig. 1 Temperature dependent IRAS Fig. 2 IRAS spectra of C12 SAM
spectra of C12 SAM. and Au:SC12 at 100 K.
Table 1 Assignments of IRAS spectrum for C12 SAM
No.  vobs (cm™) character
1 2850 CH2, symmetric (d*)
2 2877 CHs, symmetric (r)
3 2922 CHo>, antisymmetric (d")
4 2937 CHgs, symmetric Fermi resonance (r'rr)
5 2957 CHas, antisymmetric out-of-plane (r —op)
6 2965 CHs, antisymmetric in-plane (r i)
e BEN

[1] S. Chen et al. Science, 280, 2098 (1998).

[2] T. Yokoyama et al. AIP Adv. 8, 065002 (2018).

[3] W. Haiss et al. Faraday Discuss. 131, 253 (2006).

[4] M. Himmelhaus et al. J. Phys. Chem. B 104, 576 (2000).
[5] L. H. Dubois et al. Annu. Rev. Phys. Chem. 43, 437 (1992).
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Photoexcited State Behavior Based on Dynamic Equilibrium of
Binding-Dissociation of Ligands on Agae Cluster

oYoshiki Niihori', Naoya Takahashi®, Megumi Suyama!, Masaaki Mitsui*
L College of Science, Rikkyo University, Japan

[Abstract] We report the effect of dynamic equilibrium of binding-dissociation of ligands
on photoexcited state of ligand protected Agg cluster. The synthesized Ag29(BDT)12 (BDT =
1,3-benzenedithiolate) was combined with TPP (triphenylphosphine) ligand in solution. The
photoluminescence lifetimes of various mixing ratio of Ag2(BDT)12 and TPP were
investigated. Photoluminescence decay curve of Ag29(BDT)12 showed the single exponential
decay with 65 ns. However, addition of TPP changed the photoluminescence lifetimes
drastically. A careful examination allowed us to unveil the existence of additional four species
having different photoluminescence lifetimes. Since the TPP ligands of Ag29(BDT)12(TPP)4
are known to be in dynamic equilibrium of binding-dissociation in the solution, these species
with different lifetimes of 65, 180, 460, 665, and 1020 ns are assignable to
Ag29(BDT)12(TPP)x, x =0, 1, 2, 3, and 4, respectively.
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Figure 2. UV-Vis absorption spectrum and
photoluminescence spectra of Ag2(BDT):..
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Figure 3. Photoluminescence decay curves as

a function of mixing ratio of Agxe(BDT):. and

TPP ligand.

Table 1. Tentative assignment of the observed
photoluminescence lifetimes.

x® 0 1 2 3 4

z/ns 65 180 460 665 1020

@ Number of TPP ligands of Ag2e(BDT)12(TPP)x (X
= 0-4).

5. 1020 ns OFmEATLHRFMBEAM DD ELL TS, 2Ll EoEFHabix
R 7= (Figure 3) o Ag20(BDT)12(TPP)4 IF3A1Z 1 C TPP B NL T-& 7 T A% —a T [H D
FEO - fREEDSENHY SEHNIRRE I /2> QDA Z LA R4 DfE A ST p A, KFEBRT
E TPP DFMEEHIT Ag2e(BDT)12(TPP)x (X = 1-4)I2351F % TPP D & - R Bl O Bh ) Atk
RENELL., BAFEOZ b BLUOFE N FEMOEFMIENEITEEZBND, TPP
BN 2 RN R 72556 . Ageo(BDT)12 & PRIZIZ K & TPP B+ 23FAEL . TPP Ffir
F-DFEA-FREED AT T 4 S DOBNEF ATDIEIE TR TIZ TPP E LRI KX LR D
7280, BN BNBRIES NI EE 25D, ZOZEEZEFEL ., Age(BDT)12(TPP)x (X =
0-4) D& F N FF % Table L DIIZIFIE LT, L EDIINT, B 1 DG A -fif B O B ) -
MR BEZ I 9D 12K, TPP BN 13D Age(BDT)12 D FeERF A2 S5

EIZRR I LT,
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[1] L. G AbdulHalim, etal., J. Am. Chem. Soc., 2015, 137, 11970.

[2] X.Kang, et al., Chem. Sci., 2018, 9, 3062.
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Multiorder stimulated Raman scattering in colliding droplet

Kosuke Negishi, Shuhei Suzuki, oJun-ya Kohno
Department of Chemistry, Gakushuin University, Japan

[Abstract] Nonlinear Raman spectroscopy is of benefit to enhance the Raman-scattering
intensities. The nonlinear Raman scattering proceeds under an intense light field of the
incident and the Raman scattering lights. The intense light field can be provided by a liquid
droplet, which has been known to act as a high-quality optical cavity. In the present study, we
found that a colliding droplet acts as an optical cavity with higher quality factor than single
droplet. Multi-order stimulated Raman scattered light emerges with significant intensity from
the colliding droplets of carbon tetrachloride (CCl,). We elucidated the mechanism of the
multi-order stimulated Raman scattering and applied this technique to observation of a
low-frequency mode of benzene.
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Fig. 2. Spectra and corresponding images of Fig. 3. Spectra and corresponding images of
Raman scattered light emitting from single (a) Raman scattered light emitting from single (a)
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[1] S.-X.Qian et al. Phys. Rev. Lett. 56, 926 (1986). [2] L. A. Blatz J. Chem. Phys. 47, 841 (1967).



1B17

142 b5y THRESFRFNL—T—RREERAVE
SV I F—LAF O ORENGK
R
OWPNER, MWLM, B

DUV-excitation spectroscopy of gas-phase divalent lysozyme ion

by use of ion-trap droplet-beam IR-laser ablation
oNorishi Kawauchi, Hiroya Asami, Jun-ya Kohno
Department of Chemistry, Gakushuin University, Japan

[Abstract] Proteins interacting with ambient water molecules usually has an intrinsic
function in aqueous solution. Therefore, it is of importance to elucidate the hydration effect of
the protein molecules. In this study, we aim to establish a method for the structural analysis of
gas-phase proteins and reveal the interaction between a protein and a water molecules under a
valence-selective condition using an electrodynamic ion trap technique. When the trapped
lysozyme (Lys) ions were irradiated with a deep-UV (DUV) laser of two different focal
condition, which are focusing and defocusing at the trapped ion plume, we observed a
photodissociation fragment and a depletion of the trapped Lys ions, respectively. The
DUV-photodissociation and depletion spectrum of Lys?** at DUV region (192-290 nm) were
measured. At focused condition, we observe the absorption of peptide bond and aromatic
groups at <195, 210 nm and 230 nm. At defocused condition, on the other hands, the
absorption of aromatic groups are observed at ~220 and 280 nm.
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Fig. 1. Mass spectra of trapped Lys2* ions
without (a) and with (b) irradiation of a DUV
laser (230 nm, 2.2 mJpulse?) taken under a
focused condition. Trapping time, RF frequency
and RF voltage were set to 70 ms, 123 kHz and
1.18 kVp-p, respectively.
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Singlet fission dynamics in amorphous rubrene thin films
embedded in optical microcavities
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[Abstract] In this work, we studied the effect of polariton formation on singlet fission
dynamics in amorphous rubrene thin films. Organic microcavities composed of amorphous
rubrene thin film placed between two 30 nm silver layers were fabricated by vacuum vapor
deposition, and their electronic structure and photoinduced dynamics were studied by steady
state absorption and time resolved reflectance spectroscopy. The time resolved reflectance
spectra show spectral change in picosecond time scale which are attributed to singlet fission.
The singlet fission rate depends on the thickness of microcavities because of the change in the
singlet state energy by the polariton formation.
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Fig. 1 (a) Steady state absorbance spectra of bare rubrene thin film (upper panel) and rubrene microcavities at
different thicknesses (lower panel). Stick spectra show results of simulation based on a theoretical method
proposed in [5], and color code indicates fractions of exciton and photon in the polariton state. (b) Time
resolved reflectance spectra of 82 nm thick rubrene microcavity. (c) Population evolution of T, obtained by
spectral decomposition analysis of time resolved reflectance spectra. Solid curves are fitting results with single

exponential rise. (d) SF rate as a function of the thicknesses of rubrene microcavities.
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UV polarizing film with linear polyyne molecules
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[Abstract]

We produced an UV-polarizing film with oriented polyyne molecules. Polyyne is a
compound containing sp-hybridized carbon chain, R(C=C)sR. Polyyne has few applications
due to its high chemical reactivity. The simplest series of polyynes, H{C=C).H, have
absorption bands originating from the " < X" transition which has transition dipole parallel
to the molecular axis. Therefore, a molecule absorbs one of the two linearly polarized
components of incident light. We focused on this spectroscopic character and applied it to UV
polarizing films. Polyyne molecules were oriented in a polyvinyl alcohol (PVA) film by
mechanical stretching of the film. Absorption spectra of polyyne/PVA films showed variable
absorption intensity depending on the angle of polarized incident light, thus the film played a
role of the polarizing film.
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Fig. 2. Absorption spectra of C2H2 / PVA film (n=5-7) using Fig. 3. A plot of absorption intensity versus
linearly polarized incident light. angle of polarization for C1oH2 / PVA film
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