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Effect of & electron on hydrogen bonded structures of

unsaturated alcohol dimer
oKenichi Kuroda?, Yoshiteru Matsumoto?,
! Graduate School of Integrated Science and Technology, Shizuoka University, Shizuoka
Japan
2 Faculty of Science, Shizuoka University, Shizuoka, Japan

[Abstract] In this study, we discuss the effect of n electron on H-bonded structures of allyl
alcohol (AA) dimer. We observed the OH stretching vibrations of jet-cooled AA dimers by IR
cavity ringdown spectroscopy, and analyzed global minimum structures and vibrational
frequencies by DFT calculation. In the IR spectrum, four sharp bands were observed at 3517,
3526, 3542 and 3585 cm. We obtained cyclic and chain stable structures of AA dimer by DFT
calculation, which are formed by H-bonded OH...O and OH. ..z, and only OH...O, respectively.
The calculated OH stretching frequencies of cyclic structure are 3517 and 3541 cm™, which
reproduce the observed frequencies at 3517 and 3542 cm™, respectively. The chain structure
has the calculated frequency at 3527 cm, which also reproduce the observed frequency at 3526
cm™L. The cyclic structure is more stable than the chain structure by 1.2 kJ/mol. Therefore, we
concluded that the AA dimer has both cyclic and chain structures in a jet-cooled condition.
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Intramolecular hydrogen-atom transfer and
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[Abstract]

Photoreaction mechanism of 9H-fluorene in low-temperature argon matrices was
investigated by Fourier-transform infrared (IR) spectroscopy. To identify the photoproduct,
the density-functional-theory method was used to optimize the geometrical structures and to
estimate the IR spectral patterns of candidates. By a comparison of the observed IR spectrum
with the predicted spectral patterns, the photoproduct produced after UV (1 > 275 nm)
irradiation was identified as 1H-fluorene yielded from 9H-fluorene by intramolecular
hydrogen-atom transfer. In addition, infrared spectrum of 9H-fluorene in the lowest
electronically exited triplet (T1) state produced during UV irradiation was measured.
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[Abstract] Metal-aromatics complexes in which a transition metal atom is sandwiched in
between aromatic rings have been known for a long time, such as ferrocene. In the present
study, we have investigated the cation-n interaction in mono-cation of cupper-benzene
complexes, Cu(CeHe)n". In the cases of intermediates and metastable states, it is known that
when the total number of electrons of the benzene complex exceeds 18 electrons, a formal
reduction of the number of donor electrons to the metal causes benzene to slip out of the
metal. It is expected that the same phenomenon will occur also in Cu(CeHs)n™ and the
influence on the coupling is also interested. In the present study, we have carried out infrared
photodissociation spectroscopy of Cu(CeHe)n* and density functional theory calculation to
reveal the structures and the cation-r interaction. The IR spectrum of Cu(CsHs)s™ exhibits a
small difference from that of CsHe monomer. This fact should be related to the cation-n
interaction on benzene.
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[Abstract] Binding structures of nicotine (NC) / nornicotine (NNC) to their receptors are
pharmacologically important. Both NC and NNC are protonated under physiological
conditions, and the protonation occurs on a nitrogen atom in pyridine ring or in pyrrolidine
ring. The position of protonation significantly affects the binding structures. Theoretical
studies suggest that the favorable protonation position in solution phase differs from that in
gas phase. In this work, we measured infrared spectra of NCH"-(D,0), and NNCH"-(D20),
clusters generated by using electrospray ionization (ESI) / cold ion trap technique to trace the
favorable protonation position with stepwise hydration.
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[Abstract] In this study, we observed the NH stretching vibrations of jet-cooled Py-Po
clusters by cavity ringdown spectroscopy, and analyzed global minimum structures and
vibrational frequencies by DFT calculation. Po is a cyclic ether and one of the smallest chiral
molecules. Since the homo- and hetero-dimers of Po have almost the same energies, they have
no chiral selectivity. The aim of this study is to observe chiral selectivity between Po dimers
by introducing Py that provides strong hydrogen bond. In the IR spectra, the absorption bands
at 3250 ~ 3450 cm™ are observed. These bands are due to Py-Po 1-1 and 1-2 clusters. We will
focus on 1-2 clusters, which are the smallest unit with chiral selectivity.
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Fig. 1. IR spectra of Py-Po clusters.
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Kinetics of the reaction of TiO radical with O

oNami Yamakita!, Yoko Higuchi, Takashi Imajo!
! Department of Chemical and Biological Sciences, Japan Women’s University, Japan

[Abstract] The TiO radical was produced by laser vaporization of white TiO, solid and
detected by cavity ring-down spectroscopy. The difference of total cavity loss AI"' = I" (total
cavity loss at B3[T-X3A transition wavelength near 615.8 nm) — Tt (total cavity loss at off
resonance wavelength), which was proportional to the number density of the TiO radical, was
measured. The intensities of AI" attenuated faster at higher flow rate (partial pressure) of O2
molecule. From linear least-squares fits to plots of the logarithmic attenuation of AT, the
rate constants for the reaction of TiO with O> were determined in Ar buffer gas at room
temperature.  Since obtained reaction rate constants depend on total pressures in the range of
1 ~ 5 Torr, suggested reaction mechanism is termolecular association.

[FF] SMICBW T, BIERRIEICBIT 2 BB SRR T O 2 4507 BUGEE EB N #E &
Fu. BERIRREIZIH VT 3d"4s? OFE HIREZ R OEB SRR D% I TRILKRFELE
WX L CRNEETH D Z ERHAL NI/ - 72[1], Sc. Ti. V. Ni (&, R#E-RFE 2
EAEE 2RO RILAKTE & BOGT 528, Cr, Mn, Fe, Co, Cu iXiF & A ERUG L2V,
F72. Sc. Ti, VIEL, ZIZHNO, Oz, N2O & DS HEEEE D STV 5H[2],
FEEIRRED Ti (CF) (5 11K fE: 3d%4s?) & O T, 42+ 0.4 Torr T(1.9£0.2) X102 cm3s 1,
0.8 Torr T(15+0.2) X102 ecm’st TH v | 2IEEKFMENRALNT, O D5 XX
FOBMWEE Z % 2 & 3R S vz [2],

Fex L, 3d EBAERFE I O B2 MNd 52 LIk 2 EFHEFMEOIK T &
AR E OB, FOSHEEERIIHT L TED L ) R RafFonkE AL =0HIc, —
O 3d ERERE BT 2 O RISEEERICOWTOMEETT > T&E 7=, TiO
FYANE O 3 & DRISIZ DWW TR, YAFFEEIZIB W TAMIZE & R FIEIZ X
VHIE L 2008 AR IR L7Z[3], Z DK TiO 7 ¥ A vi, &BEERD Ti 2 1 —%—
HHELT OGS ETER L, MEIZHNZERIT CA-XAO0-0)Th -7z,
55 72 BOSHEE E BT AE 0.5 Torr T (5.7+1.0) X102 cm®s?t, 1 Torr T (9.0+1.3)
X102 em¥st Th oo, D%, SREERTIIR S SREBIEWEEREZ L —F —Z5 T
BHIZHIMNT U HNVEREE U TORHEREWNZ L3000 2014 412 TiO, [k %
L—HP =KL TERLEZTIO 7P h0E O+ & ORISR EH A WS LIZ[4],
Z OBFICHAWZEREIL BII-XPA0-0)Th - 7=, b7 HEEEEIL 0.5 Torr T
(2.80+0.07) X 10 cm3st, 1 Torr ¢ (3.87£0.07) X 10 cm3st, 1.5 Torr T (4.04%0.07)
X101 cm3st T o7z, 2008 AL LI SUGIEE EE DI D A/ NE L, ZOHEH L
LCT PHNERIEDEWNEDRNEZE 21208, /NS WSHEE S D= R IA
EHONICTE TV, ilf, YHFEEICB W TR Y HWEETORIEN AIHEIC 72
S7=DT, 2014 FO WL DM T4 L 5 Torr £ TORER R A RET 5,



[3E8R] A MARRD TiO, EAZ [Ffiz SE7228 5, Nd:YAG L —H —D ARk L
ATCHENRLTHRE LL—F—EREEHZLICLY TIO TV E2 AR Lz, HHIC
W AR OIS 2 A DOMIZ Nd:YAG L —V—2 fFl Tt L=tk L — Y —k%
FEIEDLIXR YT 0 VI Hx T NEEZRV, BEAO BITT-X3A(0-0)&E® (615.8
nm £1UT) ORI AT " V5] &2 Bl L7-, t3%1E rhodamine 101 % 7=, Ny 7 7
— AT Ar TH D, RIEREICAT ba AN, Ar ERIETH D 024 1Dk
mI~v A7 —A—%—THIE L7, MEIZEEE1~5 Torr O] TR LI TIT-
oo XY BT 1 U7X T U5 & R L M AE DR CEIRICEK T 5 Tio 7
CHNE O by Tk DORSHEE ER A E LT,

[FEHR L BE] RISHEEERZIET D HEIZLEIRB] E FETH 5, WINE— 7 iR
ENR—ATA LU TDOR=ZNFXYET B ADE (A) 7 VANORINEE LT,
L—P =7 L TR L — Y —ORE L ELE TV & | NEOE(LAZHIE L
770 Q253 D53 E%ZE 2 TAJE 5 Torr THIE L7-FER OB % Fig.l 123, WRIE:
IRp 25 L DM o0 T L — FE B Tl -2 0 L R A B D & ERRAIER & 72
%o & DEE DI —IRBUSHEEE 2 VE LT, AR D TR 6 PE S 7o KOG
WA EH KT 1 Torr T (4.120.7) X101 em3st, 2 Torr T (6.2£0.4) X 10 cm3s™,
3Torr C (7.3+0.4) 10" cm3s2, 4 Torr T (8.9+0.4) X 10 cm3st, 5 Torr ¢ (8.9+0.5)
X 10 em¥st ThH o 72, BAI-XPA(0-0)iER &2 WV TH LN TV DT X TOIGEEE
BoaeeEicxt LT ey M LUFig2 2R Lz, BRGNS D 2 L)% 2014 FH AR
[4] L0 BHGLNICRY, TIO 7V E O 3 T EDRISIFEERIETHD EEX D
b, BIEOEEZBIEOEOHRICT 57 87 — 2 a2 L, 2ERBZWHEICT 5
& LT D,
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Fig.1. Measured AI" at 5 Torr Fig.2. Total pressure dependence of k

[53% 3CH]
[1] D.Ritter, J.J.Caroll, and J.C.Weisshaar, J.Phys.Chem., 96, 10636(1992).
[2] D.Ritter and J.C.Weisshaar, J.Phys.Chem., 94, 4907(1990).
[3] Y.Higuchi, Y.Fukuda, Y.Fujita, N.Yamakita, and T.Imajo, Chem.Phys.Lett., 452, 245 (2008).
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Momentum distribution of protons ejected from H,O?%" in an ultrashort

intense laser field obtained by time-dependent adiabatic-state method
oSho Koh?, Kaoru Yamanouchi!, Kaoru Yamazaki?, Manabu Kanno?, Hirohiko Kono®
! Graduate School of Science, The University of Tokyo, Japan
2 Institute for Materials Research, Tohoku University, Japan
3 Graduate School of Science, Tohoku University, Japan

[ Abstract] We performed ab initio molecular dynamics calculations combined with a time
dependent adiabatic state approach in order to investigate the effect of a laser field on the
momentum distribution of protons ejected from H20?" and found that H2O?" decomposes on
the lowest time-dependent adiabatic-state surface through the two-body dissociation into HO*
+ H" as well as through the three-body dissociation into H* + O + H*. For the two-body
dissociation, the peak position of the proton momentum distribution is in good agreement with
that observed in the previous experiment. For the three-body dissociation, we found that the
momentum distribution of protons varies sensitively to the timing of the preparation of H20%*,
reflecting the temporal variation of the barrier along the three-body dissociation coordinate on
the time-dependent adiabatic-state potential of H20?".

[Introduction] In an intense laser field, molecules are strongly coupled with the light field,
and their structural deformation and bond breaking processes are governed by their light-
dressed potential energy surfaces [1,2], and therefore, in these decades, control of chemical
bond breaking processes in polyatomic molecules in an intense laser field has been an attractive
research topic [3]. In our previous report, we showed experimentally that the momentum
distribution of protons ejected from H20 in an ultrashort intense laser field exhibited multiple
peak profiles and that these profiles vary sensitively to the laser pulse duration [4].

In the present study, in order to investigate the laser field effect on the momentum of protons
ejected from H20%*, we performed ab initio molecular dynamics calculation using the time-
dependent adiabatic-state (TDAS) approach [5].

[ Theoretical calculations] ATDAS, {|n(R,t))}, characterized by the nuclear coordinate R
and time t, is an eigenfunction of the instantaneous electronic Hamiltonian H,;(R,t), that is,
Ho (R, 6)In(R, t)) = E, (R, t)|n(R, 1))
The instantaneous electronic Hamiltonian can be expressed as the sum of the field-free adiabatic
electronic Hamiltonian, H,;(R, (t) = 0), and the electric dipole interaction —pue(t), that is,
He (R, ) = He(R, e(t) = 0) — pe(t),
where &£(t) stands for the laser electric field.

We calculated the classical trajectories on the lowest energy TDAS surfaces of H20, H20"
and H20?* for the two different sets of near-IR (800 nm) light field conditions, (Az 1) = (8 fs,
1.6 PW/cm?) and (20 fs, 0.64 PW/cm?), corresponding to the conditions adopted in the previous
experiment [4], where A¢ denotes the light pulse duration and 7 denotes the peak light-field
intensity. The electronic states were calculated using the complete active space self-consistent



field (CASSCF) method with the basis set of 6-311+G(d,p). We assume that H20O takes initially
the equilibrium structure in the electronic ground state, and that the initial velocities of the
nuclei take a Wigner distribution at the vibrational and electronic ground state. We started the
calculation on the TDAS of neutral H20O, and switched the TDAS to that of H2O" when the laser
intensity exceeds 10'3 W/cm?. We varied the timing of the generation of H20?" from H0"
within the light pulse.

[Results and discussion] We found that H>O>" decomposes on the lowest-energy TDAS
surface through the two-body dissociation into HO™ + H™ as well as through the three-body
dissociation into H" + O + H". In the case of the two-body dissociation, the peak positions of
the momentum distribution of the protons observed experimentally at 32x10° u ms™! (peak 4 in
Figures 1 (a) and 1 (b)) [4] for the two different laser-field conditions were reproduced well by
the present calculations. Figures 1 (¢) and 1 (d) show the total momentum distribution along
the direction parallel to the laser polarization of the ejected protons through the two-body
dissociation, obtained by the sum of the distributions at all the timings of the preparation of
H20?" from H20". The present theoretical results show that the peak momentum positions are
located at 32x10% u ms™' in both of the two different laser pulse durations, which is consistent
with the experimental results in which the momentum for the peak 4 does not change for the
two different laser pulse durations.

For the three-body dissociation, we found that the momentum distribution of protons varies
sensitively to the timing of the preparation of H2O?" because the barrier on the TDAS potential
along the three-body dissociation coordinate varies largely in response to the temporal variation
of the light field intensity.

(a) 8fs (b) 20fs
1 4 )
! £ 3
N3A s M A4 s
\ h -.|\ - \. v )
e el e
(c) 8fs (d) 20 fs

0 20 40 60 B8O 0 20 40 60 80

Momentum / 10° u ms!

Fig. 1. (a) The momentum distribution of H" ejected from H,O by the irradiation of an 8-fs laser
pulse whose peak intensity is 1.6 PW/cm? and (b) the momentum distribution of H ejected from
H,O by the irradiation of a 20-fs laser pulse whose peak intensity is 0.64 PW/cm? [4]. The sloid
curve and dashed curve show the results obtained when the laser polarization direction is set to be
parallel and perpendicular to the TOF axis, respectively. (c), (d) The total momentum distributions
along the direction parallel to the laser polarization of H' ejected through the two-body dissociation
when the pulse durations are (b) 8 fs and of (d) 20 fs obtained as the sums of the momentum
distributions for all the timings of the preparation of H,O?** from H,O".

[Reference)
[1] H. Kono, K. Shiro, M. Shiota, Y. Fujimura, J. Phys. Chem. A. 105, 5627 (2001).
[2] H. Kono, Y. Sato, N. Tanaka, T. Kato, K. Nakai, S. Koseki, Y. Fujimura, Chem. Phys. 304, 203 (2004).
[3]R. Itakura, K. Yamanouchi, T. Tanabe, T. Okamoto, F. Kannari, J. Chem. Phys. 119, 4179 (2003).
[4] H. Nakano, Y. Furukawa, A. Ishizawa, K. Hoshina, K. Yamanouchi, Conference on Lasers and Electro-
Optics/Quantum Electronics and Laser Science Conference and Photonic Applications Systems Technologies,
JFAG (2006).
[5] Y. Sato, H. Kono, S. Koseki, Y. Fujimura, J. Am. Chem. Soc. 125, 8020 (2003).
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Determination of collision times with attosecond precision in laser-assisted
electron scattering by multi-cycle and single-cycle laser pulses

oReika Kanya?, Kakuta Ishida!, Yuya Morimoto?, Kaoru Yamanouchit
! Department of Chemistry, School of Science, the University of Tokyo, Japan

[Abstract]  We introduce two schemes for estimating collision times with attosecond
temporal resolutions for laser-assisted electron scattering processes induced by multi-cycle
near-infrared laser pulses and single-cycle mid-infrared laser pulses.

[Introduction]  One of the most challenging themes in molecular science is to probe
ultrafast changes in geometrical structures of isolated molecules in real time with the
atomic-scale spatial resolution. Until now several pioneering attempts have been made for
achieving the goal by using newly developed experimental methods such as electron
diffraction with ultrashort relativistic electron pulses, X-ray diffraction with X-ray free
electron lasers, laser-induced electron diffraction, and laser-assisted electron diffraction as
reviewed in Ref.[1]. Recently, we proposed another electron diffraction method called
THz-wave assisted electron diffraction (TAED) [2], by which geometrical structures of
molecules can be determined with the femtosecond temporal resolution. In the present study,
we introduce two methods for achieving the attosecond temporal resolution in estimating
collision times in laser-assisted electron scattering (LAES) processes induced by multi-cycle
near-infrared laser pulses [3] and single-cycle mid-infrared laser pulses.

[ Method ] When LAES processes are induced by multi-cycle laser electric fields
expressed as Focoswt, the mechanism of the LAES process can be described in terms of a
dimensionless parameter, ¢& defined by

e
§:ma)2 Fo'(ki_kf)v (1)

e
where ki and ks are the wave vectors of the incident electron and the scattered electron,
respectively, e is unit charge, me is mass of electron. When |£] >> |AE|, where AE is the
energy shift of scattered electrons, LAES processes can be described in terms of scattering
trajectories of classical mechanical electrons in an laser field. Consequently, the collision
time, tc, i.e., the time when the electron-atom collision occurs, can be expressed as

t =t arccos(Ej +mT, (2)
ho
where m is an arbitrary integer and T is the laser field period. Equation (2) shows that the
collision time within the optical cycle can be estimated from the energy shift and the
deflection angle of scattered electrons.
For LAES processes induced by a single-cycle laser electric field, the differential cross
section can be evaluated by the semiclassical formula reported in Ref.[2]. By using the
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Fig. 1. (a) Energy-resolved angular distributions of scattered electrons. (b) Assignments of collision times for
LAES processes yielding the scattering angles of +11.8°.  Red solid line: electric field of the laser field. Blue
dotted vertical lines: collision times for the respective harmonic orders, n = AE / (hw).

formula, the intensity of electron scattering by H.* in a single-cycle mid-infrared laser pulse
(A =4 pm, At = 13 fs, | = 1.0x10™ W/cm?) was calculated numerically. In this semiclassical
treatment, LAES processes satisfy the relation [2] given by

AE =28 At)- (K —k,), 3)
where A(t) is the vector potential of the laser field. Therefore, if A(t) is known in advance,
energy-resolved angular distributions of LAES signals can be converted into time-resolved
angular distributions.

[Results and discussion]  Figure 1(a) shows the energy-resolved angular distribution
obtained from the measurements of LAES by Xe atoms in a multi-cycle near-infrared laser
field (At = 100 fs, 2 = 800 nm, | = 8.8x10'2 W/cm?) using a 1 keV electron beam [3]. If it is
assumed that the scattering occurs around the peak field intensity, the collision times can be
estimated by Eq. (2). For example, the collision times for the LAES signals at the scattering
angles of +£11.8°, which are expressed as the square areas enclosed by the broken lines in
Fig. 1(a), are shown by the arrows in Fig. 1(b) for the respective harmonic orders, n = AE /
(hw), showing that slight differences in the collision times of the order of 10 attoseconds can
be discriminated.

Figure 2(a) shows the signal distributions of electrons scattered by dissociating Ho"
molecular ions. By converting the energy shift axis in Fig. 2(a) to the collision time axis, the
time-dependent electron diffraction patterns are obtained. From the analysis of the electron
diffraction patterns, the time-dependent internuclear distance, R(t), of Ho* is retrieved. As
shown in Fig. 2(b), the retrieved R(t) (the red solid line) is in good agreement with the
initially given R(t) (the black solid line), showing that ultrafast structural changes in
geometrical structure of molecules can be probed with the attosecond temporal resolution.
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Collision induced reaction of 3-formylchromone protonated ion

oHoshiyuri Ojit, Yu Usui?

, Hayato Sasaoka *, Shinji Nonose

! Department of Nanobioscience, Yokohama City University, Japan

[Abstract]
Chromones are known to pronounce various biological activity. Also, aldehydes are formed
in lipid peroxidation, which have been studied extensively in mass spectrometry. In this study,
we studied about time- and temperature-, vibration voltage- dependence, vibration voltage
time delay- dependence of 3-formylchromone protonated ion [M+H]" and fragment ions with

home-made ESI-CID tandem mass spectrometer.

H, elimination occured as a major

fragmentation pathway in CID studies of 3-formylchromone protonated ion [M+H-H,]". After
elimination of H, fragment ion is collided with H,O to form hydrate ion [M+H-H,+H,0]". At
high vibration voltages, hydrate ion generated fragment ion sequentially. In temperature-
dependence, we calculated reaction rate constant k and discussed.
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Fig. 1. Mass spectra of 3-formylchromone with
various vibration voltage (300 K)
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Infrared Spectroscopy of H (H,S),(H,0)mn
Excess Proton Location in Mixed Clusters

oKeigo Hattori', Dandan Wang”, Asuka Fujii’
! Department of Chemistry, Faculty of Science, Tohoku University, Japan
2 Department of Chemistry, Graduate School of Science, Tohoku University, Japan

[ Abstract] Water and hydrogen sulfide have the same hydrogen bond coordination property.
It has, however, been shown that their neat protonated clusters show the different hydrogen
bond structures. In the present study, infrared spectroscopy was applied to H (H2S)n(H20)m
(n=1-4, m=1) protonated mixed clusters. While the proton affinity of hydrogen sulfide is
larger than that of water, the preferential protonation to the water moiety was found in the
observed size range. In H'(H,S)(H,0);, the protonation also occurs to the water moiety, but
the predominant fragmentation to protonated hydrogen sulfide was observed.
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Development of double resonance spectroscopy system

for heterodyne detection
oHidekazu Muramatsu, Hideto Kanamori
Department of Physics, Tokyo Institute of Technology, Japan

[Abstract] In this study, we are trying to establish optical heterodyne detection in double
resonance experiment. It is necessary to get optical heterodyne beat signal by a photo-mixer,
the two laser beams should have a common directed configuration. However, commonly, the
two laser beams in double resonance spectroscopy is arranged in a counter-propagated
configuration. In order to clear this problem, we introduce an intermodulation technique based
on frequency modulation of each laser. Hear, we present a result of this new method applied to
the I molecule.
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Real-time observation of intermolecular vibrational dynamics

in benzene clusters
oTomomi Murait, Kenta Mizuse!, Hirokazu Hasegawa?, Yasuhiro Ohshima?
! Department of Chemistry, School of Science, Tokyo Institute of Technology, Japan
2 Graduate School of Arts and Science, Tokyo University, Japan

[ Abstract] The interaction between aromatic molecules is one of the key factors, for example,
to govern the structures of biomolecules. To elucidate the intermolecular interaction of aromatic
molecules from the microscopic perspective, experimental characterization of intermolecular
vibrational level structures in the simplest system, benzene clusters, is of great importance. Here,
we have carried out real-time observation of the intermolecular vibrational dynamics in benzene
clusters utilizing the femtosecond pump-nanosecond probe method. We applied a short pump
pulse to benzene clusters to create vibrational wavepackets via impulsive Raman excitation
process. These wavepackets were interfered with applying two pump pulses, resulting in the
change of populations in each eigenstate of the cluster, and the change of population was
monitored by nanosecond probe pulse via R2PI process. From the periodical change of
population, frequencies of intermolecular vibrations were determined for benzene clusters in
the electronic ground state.
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Isotope-selective ionization utilizing IBr alignment
with a switched nanosecond pulse

oHiroshi Akagi', Takayuki Kumada?, Tomohito Otobe', Ryuji Itakura!, Hirokazu Hasegawa®,
Yasuhiro Ohshima*
1 Kansai Photon Science Institute QST, Japan
2 Materials Sciences Research Center, Japan Atomic Energy Agency, Japan
3 Department of Integrated Sciences, The University of Tokyo, Japan
4 Department of Chemistry, Tokyo Institute of Technology, Japan

[Abstract] The molecular laser isotope separation utilizing the field-free alignment is a
strong candidate for an isotope separation method of heavy isotopes because the isotope
selectivity does not decrease significantly as isotope mass of isotopologues increases. In the
present work, we investigate Br-isotope selective ionization of IBr utilizing the alignment and
angular dependent ionization. Because IBr isotopologues can be easily ionized by the
alignment pulse due to its low ionization potential, we perform the experiments using
different alignment pulses (60-fs, 300-fs, and switched 6-ns pulses) to investigate the
alignment pulse dependence of the isotope selectivity. When we use the 60-fs pulse with its
intensity of 8x10'> W/cm?, the ion yield ratio of R = I(I¥'Br")/I(I”Br") varies in the range of
0.90 to 1.13, as a function of time delay between the alignment and ionization pulses. The
selectivity increases (R = 0.87-1.22) for the longer (300-fs) pulse with the same peak intensity.
For the switched 6-ns pulse, the isotope separation is realized (R = 0.93-1.06) at the intensity
being one order of magnitude lower than the fs pulses (5x10!! W/cm?).
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Fig. 1. Ion yield ratio I(I3'Br*)/I(I”Br") obtained for (A) the 60-fs
and (B) 300-fs alignment pulses.
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Transversal momentum distribution of tunneling electrons from D>
in circularly polarized intense laser fields

OHikaru Fujise!, Takeru Nakamura!, Masateru Yamamoto', Yuu Nagao', Daimu Ikeya',
Akitaka Matsuda'!, Mizuho Fushitani', Akiyoshi Hishikawa'-2
' Department of Chemistry, Nagoya University, Japan
2 RCMS, Nagoya University, Japan

[ Abstract] We measured the three-dimensional momentum of photoelectrons and ions
produced from molecular deuterium (D>) in circularly polarized intense laser fields, to evaluate
the predicted characteristics of the transverse momentum distribution (TMD) of photoelectrons.
The obtained TMD patterns exhibit a Gaussian distribution, with a clear laser intensity
dependence, which is in quantitative agreement with the prediction by the weak-field
asymptotic theory (WFAT).

[FF] 70 N TEFR EDRRITER T 202803 5 2 LI, USEFROY) N 2
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AR Z W Tobk 2 7ol 3 1 D Ezh’(b\%f) FriZ, L —Y =5 J:o“C 25

%Lf_ﬁﬁﬁﬁ?‘:/‘/’vwz’))%ﬁ%# Jer i dia iR (F/Z\/I//f AL X, R
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ZL/4I:I/~ SFIETIRIC R HKAF L, L—Y —88 %@blﬁ‘ﬁﬁﬁ#otﬁﬁ
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ko pxvA A AR, BTk 7= — Molecular orbital captured in
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Distribution: TMD) Taffli T& 5, TMD "Torus" like photoelectron
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%, H fﬁﬁlﬁgﬁ L= 'U-“—i;? DETH D Fig. 1: Schematic image of molecular orbital imaging with
[4], ZO%HE, HETFOEBRESMAIL ™D (5],
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Fig. 2: (a) Three-dimensional photoelectron momentum
images in the laboratory frame, obtained from D: in circularly
polarized laser fields (800 nm, 3.7 x 10'* W/cm?. (b) Red
circles: photoelectron angular distribution in the molecular
frame. Black line: fit curve of experimental data by the least
squares method.

py (a.u.)
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Real-time probing of ultrafast hydrogen migration in methanol
in intense femtosecond laser fields

oTakuya Matsubara®, Shinichi Fukahori', Toshiaki Ando?, Atsushi lwasaki?,
Kaoru Yamanouchi®
! Department of Chemistry, School of Science, The University of Tokyo

[Abstract] Ultrafast dynamics of methanol in intense laser field was investigated by pump-
probe experiments using 40 fs pump pulses (800 nm, 63 TW/cm?) and 6 fs probe pulses (780
nm, 420 TW/cm?). It was found that the yields of the fragment ions generated from the Coulomb
explosion of CH3;OH?" increase as the delay time between the pump and probe pulses increases
within the pump pulse duration. We attributed this increase of the ion yields to the mixing of
electronically excited configurations of CH3OH" by the pump laser field. In addition, by the
comparison of CH3" + OH" and CH," + OH." dissociation channels, we found that the ultrafast

hydrogen migration proceeds within 7 fs.

[Introduction] It has been known that hydrogen atom migration proceeds within a
hydrocarbon molecule after it is irradiated with a femtosecond laser pulse. It has been revealed
[1] that there are two types of hydrogen migration processes in methanol cation, CH3;OH"; (i)
ultrafast hydrogen migration occurring within the period of the pump pulse duration and (i)
slower hydrogen migration occurring after the irradiation of the pump pulse. Recently, by
performing the pump-probe experiment using ~6 fs few-cycle pulses, we identified that the
ultrafast hydrogen migration in CH3OH" is completed within ~25 fs [2]. However, it has been
still unclear how fast the hydrogen migration could proceed in CH3OH" when it is being

CH,OH,2*

probe
In the present study, we investigate ultrafast T, ; e 1, CH,OH,*
. + . . . i.—/ .)— 0/‘
dynamics of CH30OH™ occurring within the laser field 5

exposed to intense laser fields.

pump

by pump-probe measurements using a pump pulse with CH?OH | \\
the pulse width of ~40 fs and a probe pulse with the /440%/6 ‘SF\
pulse width of ~6 fs. Figure 1 shows the schematic s

image of the pump-probe scheme in which CH3OH 1s  Fig. 1. Schematic image of tile experiment.
ionized to CH30H" by the pump laser pulse and CH3OH" is irradiated with the probe pulse
during the time when CH3OH" is still being irradiated with the pump laser pulse.

[Methods] Linearly polarized laser pulses generated by a Ti:sapphire laser system (800 nm, 5
kHz, 0.4 mJ, ~30 fs) were split into two by a polarizer and a half-wave plate. One of the split
laser pulses were compressed by an Ar-filled hollow-core fiber and a set of chirped mirrors.
The generated few-cycle probe laser pulses (~6 fs) and the other split laser pulses (~40 fs) were

overlapped with each other coaxially and were focused on an effusive molecular beam of



methanol in a vacuum chamber. The peak laser-field intensities at the focal point was estimated
to be 6.3 x 10'* W/cm? for the pump pulse and 4.2 x 10'* W/cm? for the probe pulse. Fragment
ions generated by the laser pulses were accelerated and were focused on a position sensitive
detector by electrostatic lenses. The three-dimensional momentum vectors of the fragment ions
were determined from their detected positions and flight times at the detector. Fragment ions
generated from Coulomb explosion of CH;OH?*" were extracted by applying the momentum

conservation conditions.

[Results and discussion] The yields of the () H' + CH,OH'

(2)H," + CHOH'

h
o

five dissociation channels are shown in Fig.

. . S 20 3)H;" + COH’

2 as a function of the pump-probe delay time g ), 7 CoR,
5 15 ¢ | @cHy” v oH

At. In the region A (At < —20 fs), the yields = ,, | (5) CH," + OH,"

of H" and CH3" increase as At decreases,

—1 1
T | T T | T T

-60 -40 -20 0 20 40 60 80 100 120

o e
o o

which can be attributed to the enhanced
ionization associated with the elongation of dolay /s
the C-H and C-O nuclear distances, Fig. 2. The yields of the five different Coulomb explosion
respectively. In the region C (At > 20 fs), channels of methanol dication, CH;OH?".

small peak profiles can be seen at At ~ 60 fs and At ~ 90 fs in all the five channels. These
peaks can be interpreted as a periodical increase of the yields associated with the C-O stretching
vibration of CH3OH". In the region B (—20 fs < At < 20 fs) where the pump and the probe
pulses overlap, the yields of the four channels increase as At increases. In this region, CH3OH"
generated by the pump pulse are continuously exposed to the pump laser field until it is ionized
into CH3OH?" by the probe pulse. Therefore, these increases indicate that the extent of the
mixing of the electronically excited configurations into the electronic ground CH;OH" becomes
larger in the course of the interaction with the intense laser field, resulting in the larger

ionization probability of CH3;OH". 08

Figure 3 shows the yields of the CH3" + OH' = 06 | non-migration
dissociation channel (non-migration channel) and CHy" + £ ¢4 ;xw/- {
OH," dissociation channel (migration channel). A distinct %: 02 _:/ migration
difference was found in At < 0 fs region, where CH;0OH 00 | AN S N
is ionized first by the 6 fs pulse and the resultant CH;OH" 60 -40 -20 0 20 40 60 80 100 120

delay / fs

is ionized into CH;OH?* by 40 fs pulse. As At decreases,
the yield of the non-migration channel starts increasing at
At ~ — 20 fs while the yield of the migration channel

starts increasing at At = —7fs, indicating that the

Fig. 3. The scaled yields of the non-
migration (CHs"* + OH') channel and
migration channel (CH>" + OH,") channel
scaled by the corresponding yields obtained
when only the 6 fs pulses were used.

ultrafast hydrogen migration starts proceeding within 7 fs in the intense laser field.

[References]

[1] H. Xu, C. Marceau, K. Nakai, T. Okino, S. L. Chin, and K. Yamanouchi, J. Chem. Phys. 133, 071103 (2010).
[2] T. Ando, A. Shimamoto, S. Miura, K. Nakai, H. Xu, A. Iwasaki, and K. Yamanouchi, Chem. Phys. Lett. 624,
78 (2015).



4P016 He—HCN O BER AT O = L 2 —YERT L 505 TR T v v v v
OURBREL - URFEH KRG v 2 —) OFMEES - |k —

Effective intermolecular potential function of He-HCN and
energy levels near the dissociation limit.

(Kyushu University) Kensuke HARADA and Keiichi TANAKA

The He-HCN complex is a weakly bound complex. We have observed the the j=1-0 and 2-1 internal rotation
and intermolecular stretching bands of He-HCN and He-DCN by millimeter-wave absorption spectroscopy.
The upper state of several observed transitions were found to be located above the "dissociation limit" (Do).
These levels are bound due to the parity conservation. The potential energy surface (PES) fitted to the
observed transitions has a global minimum in the linear He--HCN configuration with a depth of 29.9 cm™
and has a saddle point at the anti-linear He--NCH configuration. Life times of several quasi-bound levels are

predicted for both isotopic species.

(i
He-HCN (3fiied TH5 < & L7z 8k O
(Do=9cm™)T, HCN 50 E H mElisIciE |
WIEE)Z LT D, Fox D XU ESE TR
E &N 72 He-HCN O = %)L ¥ —HENT A X 1
\ZRT, 22T ji% HCN OWNEREERD £
EHERE T | SRR OREROME  §
EER I IeAENEE T TH D,
KENIBR S N-ERB T, j=1-0 DNED Fig. 1. He-HCN o ¢ /)L — (7
AR FE AT (F RENVIE D) 7 < fRBERRSATITICAFE T ANEBIEERES 2 it IREE(=2) B L OV 1
HAEES 1 BhECIR A (ve) ~D o3 T- IR ENER (X 1 k. 7R, %R
LB STz, RREITRTESRO LMORER L, @E O (L)
B R L — (Do) LD TR FE—F oS, () DT — |
ERDf ML E TV S D, FREEERR TIE YT — IR AF
ENDHT20 f YELLIE HCN 43 F- 0 [ElfEs 1 S Fh SR EE (D)
ICUDMEBECEIRN, F D728 Do 725 D1 OEICIEIET 5 | U
MIXRERFE S IRIETHD,
BENT=5 THIRERER OB E N B A FERT 208575 1

BIART o VAR E L FRBERR A I A E T DT fERE TS 0° ‘ 9('?° ' 180°
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fEHTI 13 T/R T Born-Mayer [SXIER T o % L & LR 726 1R % C ooy BRBEMT REBR S | /)
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V(R,0) = gexpld — BR] — ¥_s 22 cy ()

R %X He & HCN O E.LMIFERE. 01X HCN &7 7 A X —#liD 3+ TH 5, d, f el 0§ DRI T
S BT T v R/VEIEL Po(cosd) ChReRH L7z, RENEIEAIR 27 K2 {342 K 52T A—F—17
HZ2HRE Lz, ERIEZHERT 280 FERT v L OSEiKE K 2 (R, fRrofETE
R 7213 32kHz THLAIRIE D 1/25 Th -7z,

[i%%%] Table 1 Long Range Potential Parameters of He-HCN (in au unit)
5 = [X] DH N NT 3
fFBiickd 2 ARG FIRT He-HCN He-DCN Theory 2
Y /W13, He—HCN [EL#MEIE DALELT De
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=299 cm! D= R F—M/hEEL,  re Y
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9cm™ £ He—NCH HE###iE DO FTIZ A
FU o RS A o, P o SIEEENT RO (Vo 28.593(98) 29.124(130) 26.0
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RO I B2 115 em?t EiZH Y Do =
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BONT-mEEERT Vv X T R

Cgy 118.01(52) 115.17(114)
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BRLODHETRE XS L TEY Hutson
ce(@)=ceptceaPr(cosb) a) J. Chem. Phys. 1996, 105, 440.
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OFE HRELHHIELTND, MEHICE
OB BN T A =2 =P TVD LBEZ BN, B 1B LODBUNIR LR, 0 KfF
PEZFFOTo®, FEBRAICIIMSIISR O 5 2 LXK T, G o= EREIIE T OMEE A
b EEZLND, ARSIV ¢35 Hutson DA & B2 5 D1k, A RIOMEDS, FEERAIIZIE
TERMoT Cs DR E G LT D ThH D,

A DFRMT T fRBEIR AT D = Table 2. Metastable States of He-HCN
FNNF - FET 50 FRA I J  AE(em?) AN0° ) Av(MHz)  r(us)
TV X VDT BNV O THRERER He-HCN e-state (D=0 cm!)
FATTICHFET DL EREEZT 0 6 6 0.7509  2.848 1.11 0.143
N e 2 1 3 0.32 0.453 67. 0.0024
& #i t13 Hazi-Taylor @ stabilization ~ He-HCN  fstate (D,=2.956 cm™)

) 2 3 2 0.0061  0.162 0.146 1.09
methoddZ K-> TEtF L7c, #R%E2 2 3 4 02978 0962 0.074 22
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# 2 LIZEF CE RO T2, R 2 ORTHIMEET 2 M0 5 B J=6 O RIHRFTHIAREET 2 K81,
FIC L DBIEDILN 0 A v S IMHZ 1ZE T, A7 MLV OBIBOIEN Y & L THRILTE % AHE
PERHLHOT, IV - IV FE_HILBICLLAEZEFET TH 5,

13, Chem. Phys. 117, 7041(2002).  2J. Chem. Phys. 105, 440 (1996).  3Phys. Rev. A1, 1109 (1970).
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Intense Laser Field lonization mass spectra of Alkanes

Reika Ishii, Naoko Hino, Masaaki Sakai, Tatsuto Shirota, oKennosuke Hoshina
Faculty of Pharmaceutical Sciences,
Niigata University of Pharmacy and Applied Life Sciences, Japan

[Abstract] lonization and dissociation processes of alkanes in intense laser fields were
investigated using mass spectrometry of produced ions. Two-body dissociation channels of
parent dications were identified for n-pentane, n-hexane, and n-heptane from measured mass
spectra with weak but clear side peaks. These minor channels were observed when the laser
polarization direction(g) is perpendicular to the TOF axis, indicating that ionization
probability increases when & is perpendicular to the long axis of the alkanes. Based on
quantum chemical calculation of dications and their dissociation pathways, and shapes of
molecular orbitals of neutral alkanes, we proposed a possible mechanism for the two-body
dissociation channels; A one-electron ionization from HOMO-1, which has a higher ionization
probability at perpendicular direction to the long axis of molecules, followed by the second
one-electron ionization from HOMO produces a triplet metastable dication. Calculated kinetic
energy release of two-body dissociation from the triplet dication shows a good agreement
with observed ones.

[F] EFRMEASV AL —F =1L DA Ak, b A A nic#Hi<
FEZE Y, B ONA A MR BEAA T AL TR 5B 2 S . FlxlE, 2E
A A AEHHEE Z B 10MWem? FEHE DL EIRIRE TIE, Oy Np, CO D b RLA F 1k
R OB T MEAEMEIZ HOMO ORI 5 Z EN RS TWA[L]. A A
v F ¥ FUiE HOMO 6D A 3L Th D23, FHINZ T, WNE%k® HOMO-1,
HOMO-2 72 Enb DA A b, 57 b~ A T —F v /L& LTHET 5 Al6eEME
NERGRIIC S STV B[2,3]. ARIFLZBIL, Tk U E RBRITERNA 7 = A b
L —F— A A AL TR SN AL T DEEART MBI~ A F—F ¥ %
JWVICER LTz, A AV AERO V—Y —EG F kit & & bFEHEICES X, /14
NSRS L OUSRRE A2 D25 2 & Al AT,

[FiE (R - #i)] %85 TH 5 n-pentane, n-hexane, n-heptane %%, /£
100 kPa FEE CHEZEFEIZ NNV AL EDEAN LT, 0 FRRICe L CRE SN
W7 = b bR L=V —Z N L, Bk UToA 4 Fl 2 R TR AV B s i &
D L7, L—Y—RR ML, HE 795 nm, BRRNE 100 fs, &wME & AKTHS
X10%Wem? Th 5. B TLFEEIE, Gaussian09 % W TITVY, Ao b EE 4
DFT £, =3/ ¥ —tH 1L CCSD(T)iLzE Hu -.

[ R - B£] Figure 1 (Z n-pentane O fs L —F—A A ALIZ X W AR LA 4 F
DEEART MO CHY BLD CH Ik Z~T. FEHELZTLE L TE—7 3]
WiEF = xS W—fif Fo b0 7T 7 X0 ke S, CH, (n=0-5),
CoHn"(n=0-NICBR S TWD. Zhbld, L—F—A T AL 2 VIR LT5H
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3.32eV Th . Figure 2 (T XL 512, A AU IUEIE L —F —{RIH 235 -t o il
FENZEE T THRT S, i, oW oA 415508 L —3 —(RIE I mIcEE
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SEIEO A AL, ARFRBERRFE CsH T (T) — CoHs'(T) + C3H (S) 35 =
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Figure 1: C,H," mass region of fragment ions produced by fs laser ionization of n-pentane measured by ~ Figure 2:  Dependence on laser

linear and circularly polarized fs laser pulses. pol?(ri)zation direction of CpHs" (side
peaks).
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Figure 3: Possible reaction pathway for two-body explosion of CsHy,™. . .
Figure 4: Molecular orbitals of CsH,.

[ 3C#Rk] [1] D.Pavicic et al. Phys.Rev. Lett. 98, 243001 (2007). [2] S.Petretti, et al. Phys. Rev. A 80,
063411(2009). [3] H.Liu, et al. Phys. Rev.A, 88, 061401(2013)
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Surface effect on Brownian motion of water-ethanol mixtures.

oKaho Nishiyama®, Kazuki Furukawa®, Ken Judai'
! Department of Physics, College of Humanities and Sciences,
Nihon University, Tokyo, Japan

[Abstract] Brownian motion provides information regarding the microscopic geometry and
motion of molecules, insofar as it occurs as a result of molecular collisions with a colloid
particle. We found that the mobility of polystyrene beads from the Brownian motion in a
water-ethanol mixture is larger than that predicted from the liquid shear viscosity. The surface
effect on Brownian motion will be investigated with the synthesis of polystyrene beads to
control the surface compositions.
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Fig.1. Liquid viscosities of water-ethanol
Fig.2. Electron Microscopic image of polystyrene beads. solutions (line:literature, plot:Brownian motion).
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Theoretical study of electron transfer excitation
between O and I- mediated by H.O

oWataru Mizukami?, Akihiro Yabushita®, Akira Harata!, Yuriko Aoki!
! Faculty of Engineering Sciences, Kyushu University, Japan

[ Abstract] About 50 years ago Levanon and Navon observed a charge transfer excitation

from an iodide anion to an oxygen molecule in aqueous solution by UV-vis spectroscopy. This
study had been forgotten for a long time since then. Recently, however, Kim et al. suggested
that this electron transfer excitation may play a vital role in a formation pathway of reactive
iodine species, which affects the polar atmosphere. In this study, we have analyzed the electron
transfer between Oz and I" using classical molecular dynamics and time-dependent density
functional theory. The absorption coefficient obtained from the simulated UV-vis spectra has
well reproduced the experimental value of Levanon and Navon. The computational analysis has
shown that O2 and I form a quasi-outer-sphere charge-transfer complex in aqueous solution
because of hydrophobic interactions, and H20 molecules mediated the electron transfer.
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Quantum chemical analysis of Sn1 reaction of 3-Chloro-3,7-dimethyloctane
in methanol : Toward microscopic understanding of the generation process
of enantiomers

oHiroaki Yagoshi?, Yuichi Suzuki®, Nobuaki Kogal?, Masataka Nagaoka'??
! Graduate School of Informatics, Nagoya University, Japan
2 JST-CREST, Japan
3 ESICB, Kyoto University, Japan

[Abstract]

It is well-known that most of Sn1 reactions with chiral solute result in the excess of the
enantiomer which has inverted configuration relative to that of reactant. Nevertheless, the
mechanism of the excess of inversion hasn’t been elucidated yet. Therefore, in this study,
toward microscopic understanding of the generation process of enantiomers in Sn1 reaction,
we analyzed each elementary reaction of that reaction of (R)-3-chloro-3,7-dimethyloctane
(CLDMO) in methanol solvents by quantum mechanical calculation. As a result, it was
revealed that the rotation of the ethyl group of the carbocation that is generated after the first
elementary reaction strongly affects the ratio of enantiomers in the final products.
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Fig.1. Schematic representation of the shielding effect in Sy1 reaction.

Planer
emazemmmmnes carbocation



[(FiE (8 - i)l

x5 ¥HE CLDMO @ ¢« ¥ ¥ Y
S\l Bt iE, DR OB i 4 S 505 99
BESS (ERL) . @A % " 4 % g

. : MeOH e P
— L Xk DR K E Q :’?: ——  e@ T, 99y

(ER2-(i) (BEfihA A > %t yee e 0-g0eC  D000e

JRRE) %O ER2-(ii) (B B Q< IR L. ¥

~ H N —ﬁ\b
A j‘ v (freeion) RTE)) 3-Chloro-3,7-dimethyloctane Methyl-3.7-dimethyl-3-octyl ether
KO@FD AR ) — )L (R) 100% (R) 11% (S) 89%

O DIKRFZEMAESS (ER3)
D 3 ODRIGNE72 5,
Z ZTCHET ERL 2T 572012, A FEi1 (MD) HREICL 287 7R
WH, WEEAZ ) —NDT TAF—FT NVEER L, BEIRER X OB 4 %t
WHIEEZRR LIz, WIZ, B8l A 4o xpRED 7 7 A X —FF V& T,
ER2-() & fi#HT LT=, & 51T, ZOEA 4 ShREENASIC L > THBEL7- ke TH
5B HA A RIEEZE LTz ER2-(i) DT HAT o 7o, IZIT, ER2-(I)ICHB W THED
Ntz A % ) —)v 2 55+ % 2 T ER3 O #1T-72, & TD QM FHRIL, #
fotik B ARE 7 /L(CPCM) Z IV TRER L1 B3LYP/6-31+G(d) T1T > 72,
[HER - BE]

Fig.2. Schematic representation of the target Sy1 reaction.
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