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Structure and Electronic Interaction of Dibenzo-Crown Ether Complexes
with Metal lon under Cold Gas-Phase Condition

oMotoki Kida, Takayuki Ebata, Yoshiya Inokuchi
Graduate School of Science, Hiroshima University, Japan

[ Abstract] We measure UV spectra of dibenzo-15-crown-5, dibenzo-18-crown-6,
dibenzo-21-crown-7 and dibenzo-24-crown-8 complexes with potassium ion, K*sDB15C5,
K**DB18C6, K**DB21C7 and K"*DB24C8, under cold conditions in the gas phase. The
K*sDB24C8 complex shows very 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*sDB24C8 is highly folded by the encapsulation
of K" ion compared to the other complexes; the K**DB24C8 complex has the shortest
distance (3.9 A) between the benzene rings, which results in the strongest electronic
interaction, even though DB24C8 has the largest cavity among the four crown ethers. This can
cause the formation of an intramolecular excimer in the K**DB24C8 complex and provide the
broad nature of the UV spectrum.
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Gas phase spectroscopy of a partial peptide of adrenoceptor (SIVSF) -
ligands complexes by electrospray / cold ion trap technique

-Bottom-up approach for molecular recognition-

oTsubasa Sekiguchi, Masato Tamura, Shun-ichi Ishiuchi, Masaaki Fujii
Laboratory for Chemistry and Life Sience, Tokyo Institute of Technology.

[Abstract] In the neurotransmission process, a neurotransmitter molecule binds to its
receptor and is recognized. Elucidation of its mechanism is a fundamental issue. The crystal
structure of a complex of ,-adrenergic receptor with adrenaline has been solved. However, it
is still difficult to answer why other ligands are not recognized. To understand the origin of
molecular selectivity, we propose the bottom-up approach, in which gas phase spectroscopic
techniques are applied to complexes of several ligands (proper and non-proper ligands for the
B.-adrenergic receptor) and SIVSF peptide that is a binding motif of the receptor to
interrogate their structures. In this work, UV and IR spectra of the complexes of SIVSF
peptide with the proper or non-proper ligands were measured.
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Laser spectroscopy of hydrated clusters of protonated noradrenaline and
observation of their conformational change by developing a reaction trap
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Fujiit
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[Abstract] Noradrenaline (NAd), which is one of typical neurotransmitters, can have
various conformations because of its several single bonds. However, it should form a specific
conformation when it binds to a receptor. Therefore, to understand its molecular recognition
mechanism, it is important to investigate its stable structures. According to theoretical
calculations, the stable structure of protonated noradrenaline (NAdH®) is different in gas
phase or in solution. But it has not been clarified experimentally yet. In the present study, a
reaction trap was developed to generate hydrated clusters and ultraviolet / infrared spectra of
hydrated NAdH™ clusters were measured. As a result, it was found that largely structural
change occurs within NAdH™ when 3 or more water molecules attach to it.
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Vibrational autoionization of state-selective jet-cooled methanethiol
(CHsSH) investigated with infrared + vacuum ultraviolet photoionization
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[Abstract] Vibrational photoionization efficiency (PIE) spectra of jet-cooled methanethiol
(CH3SH) were recorded by excitation of CH3SH to a specific vibrationally excited state with
an infrared laser, followed by a tunable laser light in the vacuum ultraviolet region for
ionization. Autoionizing Rydberg states, assigned to the ns, np, nd and nf series, were
identified. When the IR excitation at 2601 (vs, SH stretch) and 2948 cm™ (v,, CH3 symmetric
stretch) was employed, the Rydberg series converged to the respective vibrationally excited
states (v3 and v,) of CHsSH™. When the IR excitation at 3014 cm™ (v1/vg, mixed CHs
antisymmetric stretches) was employed, two converging limits towards vibrationally excited
states (v1 and vg) of CH3SH™ were observed. In addition, when the IR excitation at 2867 cm™
(2v10, overtone of CH; deformation) and 2892 cm™ (2vs, overtone of CH, scissor) was
employed, both Av =—1 and —2 ionization transitions were observed. In all spectra, the ns and
nd series show more intensity than the other Rydberg series, which is consistent with the fact
that HOMO is a p-like lone pair orbital on the S atom.

[Introduction] Vibrationally excited autoionizing Rydberg states, having a vibrationally
excited ion core and a Rydberg electron, are superexcited states that lie above the first
ionization threshold. Vibrational autoionization, a form of radiationless transition, can occur
readily in these states through the conversion of vibrational energy into electronic energy of
the electron to be ejected, resulting in a free electron and an ion.*

In general, these superexcited states are difficult to prepare with single-photon excitation
because of the poor Frank-Condon overlap. They may be prepared via two-photon or
multi-photon excitation. The most common method employs the Rydberg-Rydberg transition,
in which the molecule is first excited to a Rydberg state below the ionization threshold with
one or two photons in the ultraviolet (UV)/visible range; this Rydberg state is subsequently
excited to a high-lying autoionizing state with another photon. The second method employs
Rydberg excitation of a vibronically excited state, in which the molecule is first excited with
an UV laser to a specific excited vibrational level of the electronically excited state, which is
subsequently excited with a second UV photon to the high-lying autoionizing states.

In this work, we performed IR-VUV two-color photoionization experiments on
jet-cooled CH3SH by firstly exciting CH3SH to a specific vibrationally excited state with an
IR laser, followed by excitation to the auto-ionizing Rydberg states with a tunable VUV laser.
Distinct from that of the single-photon VUV photoionization efficiency (PIE) spectrum of
CH3SH, many features appeared and were assigned to four autoionizing Rydberg series
converging to the vibrationally excited states of CHzSH".

[Methods] The experimental apparatus consisted of a supersonic jet, two laser systems, and a
time-of-flight mass spectrometer. Jet-cooled gaseous CH3SH (2%) seeded in Ne was produced
on supersonic expansion of the mixture through a pulsed Even-Lavie valve (10 Hz) with a
stagnation pressure ~2 atm. The IR-VUV-PIE spectra were recorded by exciting the molecule
to a specific vibrationally excited state with IR light at a fixed wavenumber and scanning the



wavenumber of the VUV laser light while monitoring the CH3SH ion signal.

[Results and Discussion] The IR-VUV-PIE

spectrum of CH3SH in Fig. 1 was recorded 7 m  UREE)
with excitation of the SH-stretching (vs) J » Lt e
mode of CHsSH at 2601 cm™. Values of N b | wpeetsn)

T T IR ERERELLL nf (8=-0.03)

ionization energy (IE, 76256 cm™*)° and IE +
vst (78758 cm™) are indicated with black
dotted lines in Fig. 1. Some weak bands with
distinct structures appeared when the total
excitation energy is above the IE near 76256
cm™, indicating that some ionization took 1
place through vibrational autoionization. The
ion signal increased abruptly at wavenumbers
corresponding to IE + vs near 78860 cm™
because the direct ionization of CH3SH in its
ground state became dominant when the
VUV light exceeded the [IE. The
wavenumbers of these lines were fitted to the Rydberg expression. Four Rydberg series with
quantum defects 6 = 0.33 = 0.01, 2.11 £ 0.01, 1.53 = 0.01 and —0.03 + 0.01, were identified,
all with a converging energy of IE, = 78770 + 10 cm™*, which is similar to IE (= 76256 cm™)
plus the vibrational excitation energy 2502 cm™ (vs*) of CH3SH".
The IR-VUV-PIE spectrum of CH3SH in
Fig. 2 was recorded with excitation of the i —— s 13 (1E+20,)

Intensity / arb. unit
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Fig. 1. The IR-VUV-PIE spectrum of CH;SH obtained
with IR excitation of v; at 2601 cm ™.
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CHs-deformation overtone (2vio) mode of 5 np (8= 156) fo i i i iids
CH3SH at 2867 cm™. Three Rydberg series nd(3-039) e L
with quantum defects § = 0.33 + 0.01, 2.12 + i i
0.01, and 1.56 £ 0.01 were identified. The IE
and IE + vio* (~77630 cm™) are marked as
black dotted lines in Fig. 2. Although with
less intensity, the Rydberg series appeared
also below total energy of 77630 cm™ (IE +
vio'), indicating that the vibrationally
autoionization propensity rule of Av=—1 does g —— : : : . , ]
not hold strictly. The background of the PIE ™ 7% ™ o e o mo e
curves in Figs. 1 and 2 are nearly zero for oo 5 rpe |R-VUV-PIE spectrum of CHaSH
total energy less than ~78600 cm -, indicating optained with IR excitation of 2vi, at 2867 cm™.
that even when the total energy of the IR +
VUV photons exceeds the IE, direct ionization is negligible.

By exciting the CH3SH to other vibrational states while scanning the VUV light, the
corresponding vibrational-state-selected autoionization PIE spectra were obtained. The
converging limits, the quantum defects, and the average quantum vyields of the

vibrational-state-selected autoionizing series will be discussed.
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(IE)

Intensity / arb. unit
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Atomic gold-mediated homocoupling of methyl iodide
in low-temperature noble gas matrices
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[ Abstract] Reaction of laser-ablated atomic gold (Au) with methyl iodide (CH3]) in solid
neon matrix yielded unprecedented gold complexes [CHis—Au-I] and [(CHj)>—Au-I;] via
oxidative additions of one and two CHsl molecules to the Au atom, respectively. Visible light
irradiation upon [(CHj3)>—Au-I;] induced reductive elimination of C;Hg, leaving Aul,. This
result demonstrates that [(CHs3),—Au-I,] corresponds to a reaction intermediate of
Au-mediated homocoupling of CHsl.

[Fif] KE-RE (C-C) WEIEK (Hy 7V 7)) K, EERLSLEEME L L
DL ERLAMDOREEFEZMHET I2HELRKIETH Y, BIcHEE a7 LY
DRFE-— a7 v (C-X) fiaDeEMitic B brifMms s 2 &L RGBT %,
C-X FEETEHEADEFVRIGEE LT, 7Ara vz 24 0&BET M)
Ena AL X F IV (CH3X) DBRISDIEIIICHAR G 1, AL IR [CH-M-X]
DERDPHE SN TV B[], AL TIE, F4 VEIRFIZBIT 2485 T (Aw) €37
fEXF )V (CH3I) DS &> T, # L WALAHE[(CHy) - Au-L] DY ER T 5 2 & 275t
(IR) )Gk & BEIBIEEE (DFT) §tRIC X > TR L 72, & 5IC[(CHs)-Au-L]IC A
FHERN T 22 ETCCHRIDAED Y 7Y v T IRIGD LN IET % CoHg 23538 TT
it 2 2 &2 R L 72,

[AiE] <~ hUw o REEEIR D[R] L— J(;:’;_?;)““

P —ZKFE 1 (1064 nm, 1020 mJ-pulse ') 12 & § (gslsc::z?ggi;’) (CHs) o 1'45%?6‘0 (0.17)
DAERR L 72 Au i &, BIfSEBLAURGE S L 72 CH,I g ‘ obs: 641.9
(0.05%)Ne IRALHEZ, ~4 KISHHILE L 3 001] (el 636.0)
Hb FIz 30 RERE X & 7, HERERIcE U 72 <l e
FOSERY %2 7 — 1) 284 IR kI k- “Hoo 1000 %0 800 700 600
THEL %z, Z20%, HEKRE%2 12K £TL Wavenumber /cm-!

= S = 2 L Fig. 1. IR spectra recorded after co-deposition of
I, WITATANY 3 L 7o KR Au and CHjl/Ne. Inset shows an optimized

LTDHE ({EZE > ~400 nm) ZHEB L TH 5241 structure of [CHs—Au-I] with bond lengths (A)

. N £ 4 . and an angle (degree). Numbers with parentheses
T O IR 730627 72, show NBO charges.



DFTEE 45 i ERY DM JEEREIE % DFT Az 8

(B3LYP/cc-pVTZ (Au, I 1Z cc-pVTZ-PP)) I X DEFEL SE )
oo WREIGE(LI & - R ko, Jme @ ICrA CGul e
&I LRI AL & (> THMI ol Lo, |@79 9 1me
}ir‘“ S EBIER (GRRM) 7075 A% wr 2L P
B RR BT, GRS BT 5 RsomtEeree 5| )\ 7| [
i | R YL
(R - K] AUFHERERO R 2 <7 FoL (Fig. 1) 597;0 1220 12\00\ soo7soﬂ 760
IZ1%, 1086.1 B XU 641.9 cm ' 12 E— 7 SIS 117z, Wavenumber /cm-’
Au & CH;X (X =F, Cl, Br) 287 )V 3V [ERFTRIET  (b) C,H, ég &
% & [CHs-Au-X] DRI 23 Z L Z 4 1196.5, 1083.5, W2 T s
1087.5 cm ' ICBIMI I N B[5,6]12 425, [CHi-Au-I]p 8| 28875 7 {
EHRO IR Z BE L, Fig 1 ORGBIHBEICHL £~ Tl L
TEWE N2 HFMARER IR Z L2 2 B e Ao

A '-‘n..y'n "&.;41 2K

"o [CH3—AH—I]@€E5E75)EEWU§ N, £7, Au Ji 7 JJM . - i'u-,/annealing
D NBO i3, CHil ORBLMIING k- T 033elfe o0 010 w0 oo s
RNy 5 LD o7, Fig. 2. Expanded IR spectra of (a)
IRARY PV Z S HICHET 2 2 & T DALY [(CHy)-Au-L] and (b) CHg with their
imized i . Peak
BHERSNL. B, R 20 1L 120620, 12138, T I L, T
7809 cm ! DY — 2713, 29FD CH;I 28 Au i 7-IZ[# parentheses represent observed and
lculated fi ies, ively.
LEE AL 7 [(CHs)sAu—To] I RIBTX%. 95 calculated frequencies, respectively

DE—71%, Ne= b w7 2% 2K EFTHELTY

208 223,017

IS, EDEREIC k> THERT Az~ L, | o, ~0.27 %/ JE
— T, WEEEEIC ko> T GHs IWBI N2 E— 3 (TS) ggﬁ{ %
77193 2887.5, 1467.2, 820.7 cm ' IZHBL L 7= (Fig. 2b), % 149

IO LIF, [(CHs-Auw-L]03E TR EZEHL  © H(CHo)yAu]

T My B L2 C LR L TV, KISHSE £ 030, @ 276
ROFE, HERED[(CH)-AuLIE 1226V O €| _ ‘ S i,
{LBaBE 2R T 1 B C CH 2T 2 2 L0302 o ?

. A Fig. 3. Calculated energy profile along
72 (Fig. 3)o [(CH3)-Au-LIDAIEDERWING 2 2 £T  "00 Gaie reaction  pathways,

JHAEIREE R 7 > > v L 28l LU CiEHEAL IR EE 2 # 2 Energies are shown with respect to Au
. = N > ) + 2CH;3l. TS represents a transition
rbDEEZOND, UEDKHIC, 2 7TD CHl "
DY Au JHIZIBEAHm L, AIgDEIEEIc K> ThH v
) v THIRY) CoHe DSETCIICIEE T 2 2 E DS S Dz 5 72,

[&#&3C#k] [1] Andrews, L; Cho, H. G. Organometallics 2006, 25, 4040. [2] Wang, G. J.; Zhou, M. F. Int.
Rev. Phys. Chem. 2008, 27, 1. [3] Barone, V. J. Chem. Phys. 2005, 122,14108. [4] Ohno, K.; Maeda, S. Chem.
Phys. Lett. 2004, 384, 277. [5] Cho, H. G.; Andrews, L. Inorg. Chem. 2011, 50, 10319. [6] Cho, H. G.; Andrews,
L. Organometallics 2013, 32, 2753. [7] Snelson, A. J. Phys. Chem. 1970, 74, 537.
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Frequency-domain and time-domain transition state spectroscopy
for the cyclooctatetraene

oChihiro Tokizaki, Takahiko Yoshida, Toshiyuki Takayanagi
Graduate School of Science and Engineering, Saitama University, Japan

[Abstract] One of the most successful methods for observing the transition state of a
chemical reaction is to use a photodetachment process of a molecular anion. When the
geometry of a stable anion is similar to the transition state structure of the neutral reaction, the
photodetachment of the anion can be used to directly access to the transition state region.
However, detailed theoretical calculations should be performed to interpret the experimental
spectrum. In this work, we analyze the two types of transition state spectroscopy experiments;
frequency- and time-domain studies, of the cyclooctatetraene (COT) unimolecular reaction by
using the reduced-dimensionality quantum dynamics and the full-dimensional classical
dynamics calculations. The simulated frequency-domain spectrum was found to agree with
experiment, where the observed progression was associated with the bond-alternation mode.
On the other hand, we found that time-domain experiment provides the information on the
ring-inversion dynamics.

[FF] (LS OBEBIREIIET o v Lo 3L X —iH Folks s L CEZS .
SR D3RR 3 2 PR TE T H BB /RAETH D, WTF, Bam - R ORE
2k, ERIREOHEEZ KDDL Z ENATEEIZR-72, Ll FRICk->TRED
BEBIREN EORERRELZ KM L CWDI0EMRT L Z EIIR#ECTCH D, ZITER
RREZ H N T 2 HFENHE L W=D TH D, TOFRTHRIZND TWDEDONT =
T ERWETFETH D, PO FICBIT 2EBIREORE L, 7T =40 01D E
REENITWE &, T =F o OB FBEEHC L > CEBIREREELZ S DT ERT
X5, ZOFEBRMPEHINTWDHHRE L
Ty 7 ut 747 k7T (COT, CgHs)

\\\_></

WA 7BV RS 3 8 5, Lineberger & b “5L
X COT 7 =4 DNEFHFEA T b [

VEBEIL . Zewail HIX7 = A ML —
Y=z TR R R E AT - 72
[1, 2], A3, =8 e i
WOBBRES N THDLENVZD, Ln
L. ZTNZENOREROMERILEMERN 7 b
DIZE EFE->TND, £ 2 TARIFFETIE,
INHOERBROVI 2 L— 3 v LT
o HEmEH A 2 IV TIT o 7203, 4], xe
COT WA FRISDET v v LT xR Fig. 1. Schematic potential energy surfaces of the
R ] _ COT reaction system.
b2 — il OENE 4 % Fig. 112779, COT




DI ERGE  TARTREE (D) T V) . T OHEIEL Dan BREUIRTE 288 LSl 72 Daa ~
BRIHR T D, 72 Dan i 13 Den BRIRAEAREH L C-C Hifis & C-C “HEiEG & 22X
B

[FEE] HEFAT MLVOHEATIE, SHHEZBE LB FHEKRHEAEZITo T,
F 9 Den W& I 21T B IEHERFE D 5 H 3 D% O L Ab-initio "7 > o v L= R )L
— i Z B Lz, Dk, 7 =4 ORENEEIBIEZ MR E L ChlERT v
¥ L —iliAE B TR RER 21TV Franck-Condon A% 35 L7-, Zewail
SOFERTIZ, 7T=F o NbR T L —P =T Lo TEBIREMMTICE R A2 3 4A S,
TOHOFEE T —T AW A T AMUIZ K > TEB L TV 5, £ D72 ARWSE
TIX, FHRBBICB T DA oAb RV T = A AR EFHE Lz, £72 3K
LR OREAE L koo, 28 B E N IE ) FHE 1T o 70, #H5EIT CASSCF
LUL & e,

[FER - B8] HE A7 MLVORERE Fig. 2 1279, #HE LAY MLk
FEERARY M LL<HELTWS, 2OZ LE 3R T vy b xoX—ilm
NEMETHD 2L E2RT, TR ARY M E— 2108 2 kB % A Fig. 3125737,
BB B HE B AT AN (QIZ IR - T IR BN ENLICEE L T 5 Z & 3D,

Fig. 4 (ZIEEI A3 R e FEBR OfE 2 n 4, B IRORE R & i 53R & 12 150
fs ffir CA A MmNV F—DP/IMEEZ L > TWVWD, IR E TV 27 N —DE)E
25, ZHITBRNIERGZ R LTWD Z LR o Tz,

T d T Y T v T v T v T v 1.1 — T —— T

1.0 F(a) Ring-invarsion period ~262 fs

g °f
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Fig. 2. The simulated and experimental spectra. el
0.4

C [ [ 1 .
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tips

Fig. 4. The calculated ionization efficiency
(a) the reduced-dimensionality quantum dynamics

calculations.

(b) full-dimensional classical dynamics calculations.
Fig. 3. The wavefunctions at the transition peaks.

[2E 3R]
[1] P. G. Wenthold, D. A. Hrovat, W. T. Borden, W. C. Lineberger, Science 272, 1456(1996).
[2] D. H. Paik, D. -S. Yang, I. -R. Lee, A. H. Zewail, Angew. Chem. Int. Ed. 43, 2830(2004).
[3] C. Tokizaki, T. Yoshida, T. Takayanagi, Chem. Phys. 469-470, 97(2016).
[4] C. Tokizaki, T. Yoshida, T. Takayanagi, Comp. Theo. Chem. 1112, 20(2017).
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Four-state quantum control of molecular tunneling ionization by
Fourier-synthesized laser field

oTsuyoshi Yoshida!, Naoaki Saito!, Toru Morishita?, Hideki Ohmura!
! National Institute of Advanced Industrial Science and Technology
2 The University of Electro-Communications

[ Abstract] The tunneling ionization under intense laser pulse is gathering attention as one of
the most basic phenomenon in attosecond photo science. In this work, quantum control of
molecular tunneling ionization was performed by three-color Fourier-synthesized laser pulse
that is generated by fundamental, 2" and 3™ harmonics of nanosecond Nd:YAG laser. Under
three-color Fourier-synthesized laser pulse irradiation, OCS molecules show not only
orientation-selected tunneling ionization but also enhancement and suppression of ionization
yield. These two types of functionality can be optimized respectively, and four quantum
controlled states which are combination of orientation-selected and ionization enhanced /
suppressed were found. In the session, the quantitative analysis method of tunneling
ionization and the mechanism of four-state selection of tunneling ionization by
Fourier-synthesized laser field will be discussed.

[F]

TEOERH DL —F =AM OEHRIZ LV | @RIERERSZOBIINE S 8-
oo TOHRTEH, 537 N U XA T ALBGRITT MR EOIARNBIG L L TR
HEDHTND,

L—WF—HDIARN & 2Ol OMAHZE EMHRRELZHI L T7—V =A%
IT2IE EBEDEGH AR T L —Y— RNV RAEELZENTE D[], 2D LI
7 — U ZERIT K o THA LTAAEGE L — — V22 IR 5 2 & T L
— P =BG LD N RO ERIEN IS,

AR DG CHREAW, 55 @i, FH = il OMHEEEZHRE L, 77—V &L
TEALARHIE L — S — L 22 K D501 b o pv A A ABICBE T B EBBRIZ O W TR E
L7z, ZOHT, AR L 2 DO ONARELTHIET 25 Z & T, 0 DOiLmEIR
& A A AV E O BEFR/NH] O A S DI L A5 F o vA kD 4 REEEA
HlfHZ R L, o b—H—5I2 K 50 FEEOEEOEERIH 2 R 3 5 IEF 2 HE
WA RTHDIZ L 2RE LT, LLERLZOHIEO A =X DO TIE, F
PERIZR AT & EFRIZ & & F - TV 2[2],

AENE, MARZBUBIZENL T 20 T OB GME R 2 A T AEDEFIZH LT, &
IR N FISE 2 B8 LT E BRI 217, 7 — U =/ R LB O g
HEITH EEDIT, TOWENS A REETHIEO A =X LIZHOWNTELE LT,
(5 (2B - #Hiw))

JEhEe Y & LT, /B UL R YAG L —H— (BREE : 10'%~10" W/em?, IS : 10 ns)
DOFEARW ., B midH., FomRl s ER T — U Ak L, AAEEHIE L — Y —Or
AL LT, Ml IR Fhtdn £ 0 384 U, Mgkt U CHB i 72 BRI Y6 i oy
RN T CEAR U7, FEARW & & @il M oA AEZ2 O fIEI L, NS 23 I AT aE 72
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TA L "A A LTHER L CO, ST
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L) ELTHEHASN, —27iZENEh
75T A Ly M Aot mE (fFiH)
EFEOWHm (B ~OBHITxIN T
% &Jmlm L7z[3], Fig.1 D(a),(b)dD A7
MR DN S, T & Ty DOFREELR I Time /psec
1ﬁ$ﬁ 1:&/\@ Vﬂ#ﬁﬂ%ﬁ Kﬁkﬁ L Tj( gll;geel: cowfgl;o srri)ZrCt;;nt}?efsi Sdclzserir;a?si:ted v
XLSBMTHZ ERBH SN, S HIT, ) e ’ e
FEHR L RO ST, B R ~ P ' =
OF D b FRIA A AVIE: & LA~
DL —HF— AFAHIZRKFT HZ &N
RENTD, FEERTEN NG T DAL
EEMICEHET 5720, 55 DIERFR
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X ORI TEANL, (EHOIEFIEL
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) LEFL, EEREL E— 27 O Y6 a2 464 466 468
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~D L —H— AR AEAE 27T, COT, STO A HIZ A A L CIREN L2 528
L. AW Z R LTze 2D Z &0, 3 AOMABEE L —F— L
AN K> TH T ORI 72 A A AL STV D EbhoTe, o, A4
BN EIZIX, A EOEM &I TR R 2RI 2IRA A AR 6 (MiX CO'DA), il
MEINA A b & A A AL EOER/ANE DA G DI L D0 F R A F
D 4ARFENEBLL TWD, ZO L) BRI A A Ab0A F UL EOHE R, Il
ZHET S 7200, RELICHET D ERIERE L FINEEZZBE LT b xvA 4 Ak
TTFNEEANL, VT A1T 72, Fig2 (a), O)DOFERT/REND L O, EEoET v
(ZHEN E BRI ZRFRNT 24T 9 2 & THRAANIRINA 72 A A1k & A & INE O HE 58/ %
A TE A Z L RSN,

R TIL, O FA T ACDONAREKAFEIZ )T D E &R RN T IEOREM & | R
SNT=7— U EREGIRIEN D AREETHIEIO X 1 = X LIZHOWTiEmRT 5 TIE
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[1JH. Ohmura and N. Sato, Phys. Rev A 92, 053408 (2015)

[2] o RHERR 2016, 2A11, KA, 5B, A& T

[3] H. Ohmura, N. Saito, and M. Tachiya, Phys. Rev. A 77, 023408 (2008)

S o
o O
AN o0
T

Signal
S 9O

oSO
S N B
T

(]
o]

oS o O
(=1 S e
T

Signal
/ arbitrary unit / arbitrary unit

oo

Itotal




2A08

AF o4 A=V TRBREH LICLESFRERROBIESE
DRTRE, 534
O LB —H, KB, K HEH"

Reconstruction of molecular rotational wave packets
based on ion-imaging experiments

oKazuki Ueno?, Kenta Mizuse!, Yasuhiro Ohshimal?
! Department of Chemistry, School of Science, Tokyo Institute of Technology
2 Institute for Molecular Science

[Abstract] Spatio-temporal evolution of quantum systems is fully described with wave packets
(WPs), and experimental determination, often termed “reconstruction”, of WPs has a significant
importance, and still remains a challenging task. Here we represent a new reconstruction
procedure, which is applicable to rotational WPs created by nonadiabatic excitation with
ultra-short laser pulses. In the present reconstruction, a rotational WP is expressed as a linear
combination of eigenstates and its expanding (complex) coefficients are determined to retrieve
experimentally observed time-dependent angular probability of molecular axis of diatomic
molecules, recoded by a newly constructed Coulomb explosion ion-imaging setup. Specifically,
the amplitude of the coefficients is determined by Fourier transformation of angular distribution
and then the phase of the coefficients is determined by the least-squares fitting. The method has
been applied to experimental results on nonadiabatically created CO molecules, to show the
excitation pathway to create the WP.

[F] 2R 2 L <EBT 250 OB A2 HIE - 8BRS0 2 &% B LaMER, o
NETERICHED SN TWD, P THWE LA L —Y—% =45 FEf ol
HEEDTWD, ZOHE, XHndT 20 FEHOEHIREIX, BARE e —L 2k
IR A L& IR TRt S b, BT O BB Z ERIEHROOIRET D 2
TSR L EIN D, A L CEEIBES A AR T 5 Z & T, o EE
O EERFHm A FTRE & 72 5,

a3y alLEERNCER L, RS mA2#lE L2 & IR ROAEREEZEZER LT [1).
EHIT, HEHNR s —a B ERIA LA oA A=V T HEA LT, S HhEL
AT DOBRMEEZBE LT [2], 2D 2 OO FEZHEAEDED Z L T, o Fiiofdn
SRR NEER R B DR & EBRAIC AL L7z [8]e 2 D EBRD S BLANE X, [FI#ER7
WOMERHED “FICHIGLTEBY ., BRI REREZFESEEZOND, AWFFET
X, A A=V I X0 ESNTERN SRR R OFEEZIT Y 7T/ 3 Y X AEBISE
L. EBRERICEOLZOT, ZWE®RET 5,

[EBR] EIIBERICHE ST [3], BEEY =y MEICEY COSTEE AL, [mlEKEE
Z]=0F THAEI LT, ZO0FHICEMREEORIEEEZ 1 FZ2WL 2 [EESE L, (A5
WEFK LT, RO RIZHE S o FifdmoZ2bix, FRECOBHEDEIC X 5 7 —
0 NEREA A — L TNk LTz, e L A % 2 [mIIRET L 7= &# 7 L0 2 FEER Tl
2 DO LV A OREENE & WY A2 R L C— A mEEsE R A E Rk Lz [1],
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Figure 1. Results of rotational wave packet reconstruction; bar chart and polarplot show amplitudes

and phases of the single (1) or double (2) pulses experimental wave-packet

[Z2Z3CBR]  [1] K. Kitano, H. Hasegawa, and Y. Ohshima, Phys. Rev. Lett. 112 113004 (2014)
[2] K. Mizuse, R. Fujimoto, N. Mizutani, Y. Ohshima, J. Vis. Exp, €54917, 120 (2017)
[3] K. Mizuse, K. Kitano, H. Hasegawa, and Y. Ohshima, Sci. Adv. 1, e1400185 (2015).
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Imaging of rotational eigenstates of nitric oxide

in the electronic excited state

oDai Ikeda!, Kenta Mizuse!, Yasuhiro Ohshimal-?
1 School of Science, Tokyo Institute of Technology, Japan
2 Institute for Molecular Science, Japan

[Abstract]

Nuclear motions of electronically excited molecules are of great importance in
photochemistry. However, it is not a simple task to visualize rotational and vibrational
motions (wavefunctions) of excited molecules. In the present study, we visualized
orientational probability distribution of excited molecules by employing ion-imaging
technique. We performed dissociative ion-imaging using a circularly polarized femtosecond
intense laser pulse in order to observe the molecular axis distribution of electronically excited
nitric oxide (NO). NO molecules were excited to a rotational steady state in A%X* v = 0 by a
linearly polarized nanosecond laser pulse (226 nm). We succeeded in observing angular
distribution corresponding to excited individual rotational states of NO, as enhanced signals
of N* fragments due to higher efficiency in the excited state for dissociative ionization.
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IR RE LWEREBE VAN E W, 7—a U B A A=V 07, @ikE
TP FRAE, XBRET72 EOFEL, D rESEZBNT 720017 7n—FTh
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EE(E BRI 2 EEAC AR LT 2 Z L IdNEECH B, ZORBEICK L, s ldm
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o, TS = A NPV —F—E G5 2 & T, fifBEEA A R AR ST
TITRA N T AT ARV TFEICI VKRBT 52 LT, B S 7O
57 -1 D £8 FE 3 Af (e BhBA %L DO eHiE oo — ) 2 81 L 7=.

(5 (B - #iw))
FRA X — L% Figl IR TEFEY = v MRV IRENEEARE M A S 4172 NO
(XM, v=0, J=1/2, M==%1/2) 31 HEEF ¥ L NN—IZEA L. 2ZI2F
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Fig. 2. (a): Image of N* fragment
ions with excitation laser pulse,
(b): Image after subtraction of data
without excitation
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Optimal alignment control of asymmetric top molecules
toward time-resolved 3D X-ray diffraction imaging
(Tohoku Univ.) oMasataka Yoshida, Yukiyoshi Ohtsuki, Hirohiko Kono

[Abstract] Because of the recent development of the generation of X-ray free-electron laser
(X-FEL) pulses, the photochemical reactions could be monitored by using time-resolved X-ray
diffraction patterns [1]. As each measurement damages the sample molecules, before the next
measurement, we have to exchange the samples that should be prepared in the same initial state
as before. The present study focuses on rotational degrees of freedom and aims at aligning
molecules in a field-free condition. The alignment control is also essential to induce molecular
dynamics in a molecule-fixed frame and to improve the signal-to-background ratio. As a case
study, we consider a SO2 molecule modeled by an asymmetric top and design an optimal pulse
to achieve the high degree of alignment. We simulate the time-dependent diffraction patterns of
the optimally aligned SO2, and show that the molecular structure is directly constructed by the
Fourier transform.
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