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Coherent control of photoelectron angular distribution of He and Ne
atoms by bichromatic extreme ultraviolet laser
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[Abstract] Advances in free electron laser technology now make it possible to produce
fully-coherent phase-controlled pulses in short-wavelength region. We calculated the
angular distribution of photoelectrons emitted by the ionization of He and Ne atoms by
bichromatic XUV pulse by controlling the relative phase between the electric fields of two
pulses using the first-principles theoretical calculation. The simulation results were good
in agreement with the precise calculation of the time-dependent Schrodinger equation
(TDSE) for He atom, suggesting that our calculation results for Ne atom are also reliable.
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[Abstract] We investigated femtosecond nondaidabatic cascade and subsequent photo-
fragmentation of highly-excited caffeine molecule by femtosecond XUV-NIR pump—probe
photoion spectroscopy. The possible decay mechanism is explored with the aid of quantum
chemistry calculations at the SAC-CI level of many-body ab-initio theory. We found that the
XUV excited caffeine molecule undergoes the femtosecond nondaidabatic cascade among
~100 monocationic Rydberg 3p; shake-up (n*n 3p,?) states with the time constant of 40 fs.
This nondaidabatic cascade dramatically changes the photofragmentation dynamics after NIR
probe radiation. Before the nondaidabatic cascade completes, caffeine monocation can be
further ionized to the nla! electronic excited states of dication by NIR probe pulse and
small fragments like CHs"and CO" are nonstatistically generated. The NIR probe cannot ion-
ize the monocation anymore after the nondaidabatic cascade and the larger fragments be-
comes dominant via statistical fragmentation pathways in low-lying monocationic states.
These results show that the nondaidabatic cascade and electron correlation are the keys for
ultrafast reaction dynamics in the highly-correlated electronic excited states.
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[ Abstract] Nonlinear optimal control simulation is applied to the design of non-resonant
laser pulses that manipulate induced-dipole interactions in the IBr photodissociation dynamics.
In the presence of pre-determined pump pulses, we show how optimally designed
non-resonant pulses enhance the specified dissociation by utilizing the non-resonant dynamic
Stark effect as well as Raman transitions. As the optimal non-resonant pulses are composed
of several subpulses, we use the pulse-partitioning analyses to clarify the degrees of
inter-subpulse cooperation. We show that the subpulses largely cooperate with the pump
pulse, where by their irradiation timings are determined.
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[ Abstract]

Identification of enantiomers, right-handed or left-handed chiral molecules, is a one of the
fundamental issues in Chemistry. Rapid advances in laser science and technology may
provide an effective method for identification of enantiomers. We carried out quantum
dynamical simulations of m electrons in enantiomers of phenylalanine on the basis of
n-electron dynamic Stark effects induced by two, linearly polarized stationary UV (VUV)
lasers. We demonstrate how laser-induced m-electron angular momentum can be derived in
enantiomers; L-phenylalanine and D-phenylalanine. From the results of the simulations, we
propose an effective method for identification of enantiomers of chiral aromatic ring
molecules. We note that there exist two factors for identifying each enantiomer: the first one is
the phase of the matrix element of the angular momentum operator of w-electrons; w-phase
difference between L-form and the D-form enantiomer. The other is time evolution of the
coherence between the relevant two electronic excited states associated with the coherent
excitation of the excited states.

[FF] 1848 4F Pasteur O43 %7 V7 4 — (GF - £FR) OFRELK, 7V 7«
—BA oW IEII LT - LTI D i b AR MRS e L TRB L TE . B
18, L—Y—HIEORREIZH- T, W LPEEKICE N T, L—F—fFEx 7 Y
T A =B EDRENR I N THOTWA[L]. AWFZETIE, T VERIREHY T
XF Th % phenylalanine (Fig. 1) #HY EiF, v —¥—& o EOMAIEHZFIH

L Lfk, D-fhoae—Lo b o BT g g
[BIERE) )P AT L, &7 U7« —ikil
FEERET 5, 3 @ I
" ]
O TN e 2 < Jf%,i
FHMALIZ phenylalanine 2D n & § J‘”‘J i %
g?f%ﬁ?a)%g izga i?zﬁﬁ(lfgﬁ;) FE (a) L-phenylalanine (b) D-phenylalanine

Z #uiZ(dynamic Stark effects) . > T4 U % Fig. 1. Enantiomers of phenylalanine



ab— L MEEEGE (L) 25 L-1E,
D-{Kf# T n-phase shift 2% (EADEZ D) L
— W —EE#ET 5. 2t — L MAEDE
MR THEZBND.

V2A?

L?a)ﬁa—4h|nmg4)

::T,lii%/%ﬁv—(bm,DW)%
R Im(13,)13 = BB E T & O T R R
a5, Im(l1y,) =-Im(15,). V=V3=V,, ; V& : Fig. 2. Electronic state degeneracy driven
L—H—mEGall Lo REREEO S by dynamic Stark effects

B hEIRRE 3 ~DOERIRIE, A=A, =—A, : Detuning; Q=Q,=Q, : Rabi #EH). Ik
B3 LANBRTONT A —ZTNTNFE L otz (1) 13k b Mk Ga 0
dynamic Stark effects (2L > TR END a2 — 1L v MEEHHENTHD.2o
DL—Y =BT EELN—Taty FTHLKDDRTA=F—BTHRED,

—(1-cosQt)cosQt (1)

[FE % - BE]

phenylalanine ™% 3 L5 4 n EFhEIREBIC L 22— MEEE (1) 255
T5.2165 2 OOFEAFICECE ] i“\/JZ/ (Deh) D Eau MaEE T IRRE 75>/\%@><ﬁ’T
PR TFIC L > TAUIRIEDE FEUE S 1FIE% L. BhEIRE L » BT AEE

DITHI|HEFE DA 1% CASSCF(4,4)/MRCI & Molpro 2012.1 package %H%u\ﬁﬂ%émfc.
Fig.3 1ZL () D 3 lim% LK (z-K) IZOWTHE LR THD. L) D Z-55
(phenyl Bg b CRHIERS 5 n & FiEB)| iﬂﬁ)i 2O F T A~ THENEAL
o TWAD, BIG, ZHAn 38 x v mic#&i Lo AEE B S 0NAFAFORKIC
ﬁofwé._ﬂ%iﬁ?éZO@%ﬁciofibt ETIREEaE — L RADNE
MEE, (1) Xnbd, 2290 F 0 FA~—TEH LI RTFHIER 50, Zhid
LT, F ANV L ERRR L — —EH ORI E D,

L-phenylalanine D-phenylalanine
06+ 06- ]
E 0.4 E 044 —Ly
$ 0.2 £ 02! L,
3 :
g 0.0~ g 0.0+
g -02- —L, 5 -0.2-
[o)] =]
£ 04 —L 2 04/
— <
-0.6 : : : £ -06 ‘ ‘ ‘ ‘
0 50 100 150 200 0 50 100 150 200
time [t] time [t]

Fig. 3. Calculated temporal behaviors of coherent angular momentum of phenylalanine enantiomers.
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[Abstract] The isomerization processes of ionized ethylene glycol have not been clarified,
although its fragment ion (protonated methanol), which is formed through double proton
transfer, has been observed. To understand its isomerization processes, we carry out IR
spectroscopy for ionized ethylene glycol and its partially deuterated isotopomer
(OHCD2CD20H").  While the vibration of a shared proton is observed in the IR spectrum of
ionized ethylene glycol, such a band is not observed for the deuterated one. This indicates
that a proton is transferred from a CH bond and is shared upon the ionization. Therefore, it
is shown that the final products, protonated methanol, is formed through proton transfer
reactions involving that from CH: to OH. We will discuss the isomerization of ionized
ethylene glycol with IR spectroscopic results and theoretical calculations.
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Photoelectron Spectroscopy of Microhydrated
[2-Pyridone/2-Hydroxypridine] Dimer Anions

oToshihiko Maeyama, Asuka Fujii
Department of Chemistry, Tohoku University, Japan

[Abstract] Dimers composed of 2-pyridone (2PY) and/or its tautomer, 2-hydroxypyridine
(2HP), have been investigated by various spectroscopic methods, regarded as a prototypical
molecular system for nucleobase pairs. In the present study, photoelectron spectra of the
microhydrated dimer anions, (2PY/2HP)2~-(H20)n, n = 0-3, were measured and analyzed with
the aid of theoretical calculations. Without hydration, proton transfer (PT) reaction takes place
totally in the dimer anions, producing pairs of a deprotonated anion and a neutral hydride radical.
With increasing hydration number n, however, the dimer anions are inhibited from PT, resulting
in radical anion-neutral pairs that emerge in the lower electron binding energy range.
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Fig. 2. Photoelectron spectra of
(2PY/2HP); - (H20), with excitation
@ 532 nm (black) and 355 nm (red).

Table 1. Calculated energy values for the lowest-energy isomers in the three classes of (2PY/2HP),™-(H20)n.

(2PY); [RA-N] (2PY); [DPA-NR] | (2PY-2HP); [DPA-NR]
n=0 @géﬁag N=O | NA | N1 | D | Nl o
n=1 @géﬁag Ni=1 Sgg Ni=2 1;; Ni=1 Iﬁ
n=2 @géﬁag Ni=5 iﬁ) Ni=6 L% Ni=3 Ié
n=3 \A/ELE(LHEZ\\;; Ni =10 1.2% Ni =14 ng Ni =13 Ig;}

Ni: Number of distinct isomer species classified into the same type of (2PY/2HP) dimer anions.
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Laser spectroscopic study of jet-cooled sinapic acid and its
hydrogen-bonded complex with water
oSeiya Kenjo?!, Yuiji lidal, Nobumasa Chaki?, Shin-nosuke Kinoshita®, Yoshiya Inokuchi?,
Kaoru Yamazaki?, Takayuki Ebata®
! Graduate School of Science, Hiroshima University, Japan
?Institute for Materials Research, Tohoku University, Japan

[Abstract] The S; (nn*)-So electronic spectrum and the infrared spectrum in the OH
stretching region of sinapic acid (SA) and its 1:1 complex with water (SA-H20) are observed
in a supersonically cooled molecular beam. Supersonically-cooled SA and SA-H>O complex
are obtained by a combination of laser ablation with a newly developed pulsed channel nozzle.
Both SA and SA-H>O exhibit sharp electronic spectra, and measurements of the UV-UV
hole-burning spectra and density functional theory (DFT) calculation indicate that the
observed vibronic bands belong to two conformers, syn and anti, in both SA and the SA-H,O
complex. The OH stretching vibrations are observed with IR-UV double resonance
spectroscopy. A comparison of the observed IR spectrum and the DFT-calculated one
indicates that SA-H20 has the structure in which a carboxylic (COOH) group and the water
form a cyclic hydrogen (H)-bond. The OH stretch of COOH is red-shifted as large as 600 cm™
in the complex.
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Laser spectroscopic study of cinnamic acid derivatives and their hydrated
complexes by using laser ablation / jet cooling method

oYuji lida, Seiya Kenjo, Nobumasa Chaki, Yoshiya Inokuchi, Takayuki Ebata
Department of Chemistry, Hiroshima University, Japan

[Abstract] We report the electronic spectra of several cinnamic acids (sinamic acid (SA),
ferulic acid(FA) and caffeic acid(CA)) under cold gas-phase condition. The molecules were
vaporized by laser ablation and cooled by supersonic expansion and the Si1-So electronic
spectra were observed by R2P1 spectroscopy. In the present work, we developed new channel
nozzle, and we were able to generate the hydrogen-bonded complexes with water and
measure their R2P1 spectra. For the monomer, SA and FA show sharp vibronic bands, while
the spectrum of CA is very broad. On the other hand, all of the molecules show sharp bands in
the 1:1 complex with water. Thus, it was found that upon the complex formation, the fast
nonradiative decay process is inhibited and the S; lifetime is lengthened.
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