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Gas phase resonance Raman spectroscopy of heme protein by IR-ablation

of droplet beam
oHiroya Asami, Norishi Kawauchi, Rina Kawabata, Jun-ya Kohno
Department of Chemistry, Faculty of Science, Gakushuin University, Japan

[ Abstract] Gas phase spectroscopy is a powerful tool for discussing the fundamental structures and
properties free from solvent molecules. Recently IR-UV double resonance spectroscopy combined
with ESI is successfully used toward a structural analysis of a short partial peptide of the adrenergic
receptor. However such vibrational spectroscopy is ineffective toward huge biomolecules like protein
and DNA, due to their numerous vibrational freedom. To overcome this problem, focusing on a key
structure of huge molecule is essentially needed. In this study, we have developed a new spectroscopic
technique for the measurement of gas-phase fluorescence/Raman spectrum based on IR-laser ablation
of droplet beam. Consequently, a resonance Raman spectrum of myoglobin, which is one of heme
protein, have been successfully measured in the gas phase. Compared with quantum chemical
calculation, the observed vibrational bands have been assigned to the C-C stretching modes of
porphyrin ring and the COO stretching mode of carbonyl group in myoglobin.
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Fig. 1. Gas phase fluorescence/Raman spectrometer based on
IR-laser ablation of droplet beam.
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Fig. 2. Gas phase resonance Raman
spectrum of Mb?" ion. Red line
indicates the experimental spectrum.
Black/blue bars indicate the
harmonic vibrational bands of the
Is/hs state of heme structure
calculated at the B3LYP/cc-pVDZ
level (Scaling factor: 1.08).
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Theoretical analysis of the ng+m, combination band intensity of linear
polyynes by the local CCH bending and the linear response function.

oMasafumi Tsuyuki', Yuto Kugaya', Hideto Kanamori?, Satoshi Yabushita'
!Graduate School of Science and Technology, Keio University, Japan.
’Department of Physics, Tokyo Institute of Technology, Japan

[Abstract] Based on the earlier analysis by Matsumura and Tanaka, the me+m, combination
bands of polyynes (H-[C=C],-H) can be considered as the first overtone of the local CCH
bending mode. We have calculated the absorption intensities of the 7 + 1, combination band of
polyynes (7= 10) using the local CCH bending mode, and found that they increase with n, then
the increasing rate gradually slows down. This feature can be seen in the experimental values
as well, although no sensible explanation has been given. In this study, we investigated the
electron density migration caused by the local CCH bending mode to explain the n dependence,
and found that it originates from the easily polarizable = orbitals.
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Development of a Method for Detection of Atomic Oxygen O(2p *P) with
Vacuum Ultraviolet Fluorescence Subsequent to Two-Photon Excitation
and Its Application to the Study on the Elementary Processes

of the Collisions of O(3p 3P)
oShogo Tendo, Hiroshi Kohguchi, Katsuyoshi Yamasaki
Department of Chemistry, Hiroshima University, Japan

[ Abstract]

Atomic oxygen O(2p 3P) plays important roles in the chemical processes in the
atmosphere, combustion, and plasma. To elucidate the mechanism, several methods for
detection of atomic oxygen have been developed. A typical method detects infrared emission
following two-photon absorption (2P-IRLIF). In this study, a new method of detecting
vacuum ultraviolet instead of infrared emission (2P-VUVLIF) has been developed and
applied to the kinetic study. The reported values of the rates coefficient for quenching of the
electronically excited O(3p 3P) by collisions with He &y, are widely different. The value
of ky,. has been determined by the original kinetical analysis (integrated profiles method).
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Excitation energy dependence in the multi-branched pathways of the
photoexcited trimethylamine

oYuuki Onitsuka, Yuki Kadowaki, Katsuyoshi Yamasaki, Hiroshi Kohguchi
Department of Chemistry, Hiroshima University, Japan

[Abstract] The photodissociation dynamics of trimethylamine (N(CHs)3, TMA) has been
—Sp and S7 —Sp
transitions. The nascent CH3 photoproduct is preferentially populated in the out-of-plane

investigated by state-resolved ion-imaging over whole absorption bands of S>

bending mode (v2, 606 cm™). The vibrational state distribution shows no significant difference
in the photolysis wavelength. The CHs (both v = 0 and v> = 1) signal decreases gradually with
decreasing the excitation energy and vanished at 235 nm which corresponds to the peak
—So band. These results indicate that the C—N bond fission occurs on the S;
surface after the internal conversion from the photoinitiated S> state, and the S; surface has the

wavelength of S;

energy barrier along this reaction coordinate. We conclude that this barrier height is around 500
kJ/mol, which corresponds to the dissociation wavelength of 235 nm.
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Composition Specific Oxidation Reaction of CunOm+ (n <5) clusters
revealed by Post Heating and by Reaction with Nitric Monoxide

oHaohao Wang, Ken Miyajima, Satoshi Kudoh, Fumitaka Mafune
Department of Basic Science, School of Arts and Sciences, The university of Tokyo, Japan

[Abstract] Copper oxide culsters, Cu,O," (n = 2—5), were prepared in the gas phase by laser
ablation of a copper metal rod in the presence of oxygen diluted in He as the carrier gas. The
cluster ions were heated up to 1000 K downstream from the cluster source (post heating), and
the abundance of Cu,O,," was examined using mass spectrometry. Temperature-programmed
desorption experiments revealed that an oxygen atom released from (Cu20),0" (/= 1, 2) clusters
after heating up above 500 K. In relation to their thermal stability, we observed the reactivity of
Cu,O," with NO molecules. It was found that the reduction propensity is manifested in
(Cu20);,0" +NO — (Cu20);" + NO: (/= 1, 2) by the reaction with NO followed by post heating.

[Introduction] Copper ion-exchanged ZSM-5 zeolite (Cu/ZSM-5) is well-known to exhibit
high catalytic activity for selective catalytic reduction and for the decomposition reaction of
nitric monoxide (NO)'. It is reported that the Cu(Il) /Cu(I) redox cycle in Cu/ZSM-5 plays a
vital role for NO catalytic reaction, as the copper atoms can exist as in both Cu(II) and Cu(]).
Hence, it is conceivable that variable oxidation states of copper atoms would have effects on
their reactivity. Studies of isolated metal clusters in the gas phase combining with mass
spectrometry can provide information on the reactivity of the clusters themselves without the
effect of ligands and supports. We previously investigated copper oxide clusters, Cu,O, ", in the
gas phase ranged in n = 6—15 phase using temperature desorption spectrometry combined with
mass spectrometry 2. It was found that Cu,On" was selectively and abundantly generated at
1000 K with the ratio n:m approximately 3:2, indicating that Cu,O," contains both Cu(II) and
Cu(I). However, there is one issue that remained in the question: how the cluster size (the value
of n) influences the stability, oxidation state of copper atoms, and their reactivity, and how do
the smaller Cu,O," (n < 5) clusters bind with oxygen? It is known that the cluster size would
have effect on the metal oxidation state, reactivity and stability of clusters. For instance, F.
Aubriet et al.? reported that Y(II) and Y(III) both exist in Y,»O," clusters, and the larger clusters
prefer to be +1II compared with smaller ones.

Keeping track of these questions, in this study, we prepared the small Cu,O," (n < 5)
clusters, and investigated their thermally stable compositions and examined the reactivity with
NO in gas phase in relation to thermally stable stoichiometry.

[Methods] The Cu,O," cluster ions were generated using pulsed laser ablation inside a cluster
source: a copper metal rod was vaporized using the focused second harmonic of Nd:YAG laser
in the presence of oxygen diluted in helium at a stagnation pressure of 0.8 MPa. The formed
Cu,O," were passed through a reaction tube (4 mm diameter, 120 mm long), where they were
heated. The temperature of the reaction tube was controlled from 300 to 1000 K by a resistive
heater. The cluster ions were considered to achieve thermal equilibrium by collisions with the
He carrier gas before expansion into the vacuum. When observing the reaction of the cluster
ions with NO, the He-diluted NO gas was introduced through a gas valve before expansion into
the reaction tube for heating. For the mass analysis, the Cu,O," clusters were expanded into
vacuum at the end of the extension tube and gained a kinetic energy of 3.5 keV in the
acceleration region. After drifting in a 1 m field-free region, the cluster ions were reversed by a
dual-stage reflectron, and were detected with a Hamamatsu double-microchannel plate detector.
Signals from the detector were amplified with a 350 MHz preamplifier and digitized using an



oscilloscope. The mass resolution m/Am was ~1000, which was sufficient for estimating the ion

intensity of each cluster.

[Results and Discussion]|

Figure la shows the mass spectra of
Cu,O,", that were generated by laser
ablation of a copper metal rod in the
presence of 0.5% oxygen gas in helium at
room temperature. Oxygen-rich clusters
compared to the 1:1 stoichiometry were
formed for n < 5 at 298 K, whereas
oxygen-deficient clusters from the 1:1
stoichiometry were observed for larger
clusters as shown in the previous report 2.
Figures 1b-c show the mass spectra of
Cu,O, ", after the clusters were heated in
the extension tube at 573 K and 1000 K,
respectively. Apparently, oxygen-rich
clusters tended to release oxygen during
the post-heating. The effect of oxidation
states on their reactivity with nitric oxide,

NO, were investigated. At room temperature,

the NO molecules attach to Cu,On", as

(k=2-4) (1)

Figures 2a-b show the mass spectra of
Cu,O," reactions with and without 1.0%
NO gas after post-heating at 773 K.
Figures 2¢, d show the NO concentration
dependence of the intensity ratio of
Cu20m(NO)x" and CuzO,(NO)" at 773
K, respectively. We can clearly see that
the intensity of CusO3" monotonically
decreases and Cu4O>" increases with
increasing NO concentration. It implies
that the oxidation reaction of NO
proceeds when the NO adducts
CusO3(NO)" gains enough energy by
post heating. The similar reaction was
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Fig. 1. Mass spectra of Cu,O,," in 0.5% oxygen
gas in helium at different temperature.
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Fig. 2. Mass spectra of the reaction of Cu,O,," (a) with and (b)
without 1.0% NO gas at 773 K. Panel (c¢) and (d) represent
intensity ratio of Cu20,,(NO);" and CusO,,(NO);* as a function
of the NO concentration at 773 K, respectively.

also found in Cu20>", which was reduced to CuxO" by NO. According to the composition

specific reactions between copper clusters

and NO. Cuz0;" and CusO3" can be described as

(Cu20),0" (I =1, 2). Hence, the reductions of copper clusters can be described as,

(Cuz0)0" + NO — (Cu0); + NO, (I = 1
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Gas phase spectroscopy of a partial peptide of adrenoceptor (SIVSF) -
ligands complexes by electrospray / cold ion trap technique
-Chiral effect on molecular recognition-

oMasato Tamura®-2, Tsubasa Sekiguchi'?, Anne Zehnacker-Rentien®#, Shun-ichi Ishiuchi®?,
Masaaki Fujiit?4
! Laboratory for Chemistry and Life Science, Tokyo Institute of Technology, Japan
2 Graduate School of Life Science and Technology, Tokyo Institute of Technology, Japan
3 Institut des Sciences Moléculaires d ‘Orsay (ISMO), CNRS, Univ. Paris-Sud, Université
Paris-Saclay, France
“World Research Hub Initiatives, Institute of Innovative Research, Tokyo Institute of
Technology, Japan

[Abstract] Recent experiments employing laser spectroscopy combined with electrospray
and cold ion trap technique revealed that a partial peptide SIVSF, which is a binding motif of
adrenergic receptor, can recognize ligands in gas-phase. For the proper ligands, SIVSF-ligand
complexes adopt catechol-bound structure, which is a similar structure to that in the receptor.
For non-proper ones, however, such a structure is not observed. In this work, we examined
whether SIVSF can recognize chirality of ligands. UV spectrum of SIVSF-D-adrenaline clearly
shows the different spectral pattern in comparison to that of SIVSF-L-adrenaline complex. It
suggests that the SIVSF peptide recognizes the chirality of the ligands.
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IR-induced change in the hydration structures of hydrated phenol cations
trapped in the cold ion trap
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[ Abstract] Gas-phase hydrated clusters are treated as a microscopic model of hydration
networks. Recently, we have revealed the temperature-dependence of microscopic hydration
structures of hydrated phenol cation, [PhOH(H20)s]". At 30 K, only an isomer having a ring-
with-tail (R?) type hydration motif exists, whereas chain-like (C) isomers are dominant at 150
K. Isomerizations among the isomers having distinct hydration motifs can be related to
structural fluctuations in the bulk. Thus, we have been investigating the isomerization induced
by the IR vibrational excitation for the further understanding of the microscopic hydration. As
a result, in addition to an decrease in intensity at the 0-0 band and the vibronic band at 25512
cm ! of the Rt isomer, an increase of the intensity at the band of the C isomer (25416 cm™!) was
clearly observed. This change indicates the IR induced isomerization from the Rf to the C
isomers. In addition, possible isomerization paths are examined.
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Geometric and electronic structures of dibenzo-24-crown-8 complexes
with alkali metal ion under cold gas-phase condition
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[ Abstract] We measure UV spectra of symmetric and asymmetric dibenzo-24-crown-8
(SymDB24C8, Asyml1DB24C8, Asym2DB24C8) complexes with potassium ion,
K'+SymDB24C8, K +Asym1DB24C8, K +Asym2DB24C8, under cold conditions in the gas
phase. The K"SymDB24C8 and K *Asym1DB24C8 complexes show broad absorption even
under cold conditions. The geometric and electronic structures are determined with the UV
spectra and quantum chemical calculations. The conformation of K'sSymDB24CS8 and
K'+Asym1DB24C8 are highly folded by the encapsulation of K" ion; the K +SymDB24C8
and K'+AsymI1DB24C8 has shorter distance between their benzene rings than
K'+Asym2DB24C8, which results in the strongest electronic interaction. This can cause the
formation of an intramolecular excimer in the K'*SymDB24C8 and K'*Asym1DB24CS.
However, in the K'*Asym2DB24C8 complex, the distance between the benzene rings is
longer than that of the other complexes. This provides sharp vibronic bands for
K" +Asym2DB24CS8, different from the broad features of the other DB24C8 complexes.
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Fig. 2. UV spectra of the K *DB24C8 complexes
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[ Abstract] The nonradiative decay (NRD) process involving trans — cis
isomerization of methylcinnamate (MC) has been investigated by UV spectroscopy and
lifetime measurement for the jet-cooled MC and product analysis with cold matrix IR
spectroscopy. In the LIF spectrum, the electronic transitions of two species are observed
at 33330 cm™ (band A) and 33750 cm™ (band B), while in the R2PI measurement they
could not be detected but a new band was detected at 33960 cm™ (band C). A
comparison of the experimental and calculated results of ionization potential suggests
the band C is the *nn* states and the band A and band B are the 'nn* state. TD-DFT
calculation also predicts that Sy is 'nn* and S; is ‘nn*. The order of the electronic states
of MC is opposite to other substituted cinnamates. The lifetime of band C is 10 ps, A
transient sate was detected and assigned to T;. The isomerization route of MC is thought
to be “‘nr*(trans) — 'na* — 3ar* — So(cis)”. We compare the NRD route of MC
with other substituted cinnamates.
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Fig. 2. Energy diagram and
excitation scheme
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