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Probing ultrafast electronic configuration change in an electrocyclic
ring-opening reaction by time-resolved photoelectron imaging

oRyuta Uenishi', Takuya Horio'", Toshinori Suzuki'
! Department of Chemistry, Kyoto University, Japan

[ Abstract] We present time-resolved photoelectron imaging of the electrocyclic ring-
opening reaction of 1,3-cyclohexadiene (CHD) in the gas phase. It has been reported that the
singly excited state, 1'B, of CHD undergoes ultrafast internal conversion to the doubly excited
state, 2' A, through which the molecule isomerizes into 1,3,5-hexatriene (HT) or returns to CHD
in the ground electronic state. In this study, we observed 1'B — 2'A electronic configuration
change with the 4.7-eV pump pulses and the 6.3 or 7.8-eV probe pulses from a filamentation
four-wave mixing light source. While photoionization from the 1'B state occurred to both the
ground and exited states of CHD cation, only the cationic excited state was observed from the
2'A state, which is reasonably explained by their photoionization propensities.
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Temperature dependence of the hydrogen-bond structures of phenol-
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[Abstract] To investigate the temperature effect on microscopic hydrogen-bond structures,
we carried out ultraviolet photodissociation spectroscopy on phenol-methanol hydrogen-
bonded cluster cation, [PhnOH(MeOH)n]" (n = 3, 4), using our temperature-variable ocotopole
ion trap apparatus. The temperature range we measured was from 30 K to 150 K. In the case
of n = 3, a ring- and chain-type isomers were identified in our experimental condition. An
inversion of the relative populations between these isomers were clearly observed at the
temperature in between 80K and 150K. The comparison between experimentally and
theoretically obtained relative populations were acceptable for n = 3. In the case of n = 4, the
existence of the ring and chain isomers were identified like as n = 3. On the contrary, an
inversion of the relative population was not observed. Even at 150 K, only the ring type
isomers appear in the spectra. However, another ring-type isomer was found to appear in the
spectrum. Thus, an isomerization within a ring-type isomers might be occur at 150 K.
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Fig. 1. UV photodissociation spectra of temperature-controlled
(a) [PhOH(MeOH)3]* and (b) [PhOH(MeOH)4]*. Spectra
measured without cooling are shown for comparison. Optimized
structures of ring- and chain-type isomers for each clusters are
inserted in the figure.

Table 1. Relative populations of isomers of
[PhOH(MeOH)s]* obtained by the experimental observation
and the theoretical calculations.

Relative population (%0)
/K Ring (obs. / calc.) | Chain (obs. / calc.)
30 100/ 100 0/0
80 75194 15/6
150 9/16 91/84
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[ Abstract] Rotational spectra of methoxycarbonyl isocyanate (CHsOC(O)NCO) and methyl
azidoformate (CH3OC(O)Nz) in the ground vibrational state were observed by molecular
beam-Fourier transform microwave spectroscopy. Splittings due to the internal rotation of the
CHs group and the hyperfine structure of the *N atom were observed. They are due to the
internal rotation of the CHs group and the hyperfine structure of the N atom. Comparison of
the observed molecular constants with the calculated ones led to the conclusion that identified
conformer was the syn-syn form in which the NCO or N3 group and CH30 group were found
to be at the syn position with respect to the C=0 bond. Determined parameters by the spectral
analysis of methoxycarbonyl isocyanate were rotational, centrifugal distortion and nuclear
electric quadrupole coupling constants including the potential barrier Vs of the internal
rotation of the methyl group. At this stage, we could not analyze the complicate nuclear
electric quadrupole coupling splittings of the observed spectrum of methyl azidoformate.
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Table 1. Observed and calculated molecular constants.

CH;OC(O)NCO CH30C(O)N3
Obs.? calc.’ Obs.? Obs.R 21 cale.
A /MHz 11041.67903(37) 11011.72  10693.19(12) 10702 10690.45

B /MHz  1417.636077(66) 1411.12 1568.67710(17)  1568.66 1564.54
C /IMHz  1266.547230(87) 1260.71 1380.16532(21)  1380.22 1376.57

Ay IkHz 0.11646(49) 0.114
Ay /kHz 2.3457(42) 2.51 9.081(55) 7.95
8y /kHz 0.01446(67) 0.0128
V/lem™® 434.4290(36) 450.27 400.36(13) 400(10) 362.98
Yaa /MHZ 3.0065(11) 291
Yoo /MHZ -1.5949(16) -1.48
Xec IMHZ -1.4116(16) -1.43
o kHz 2.3 3.5
a) ():1o, b) MP2/cc-pVTZ
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Construction of a many-body Ramsey interferometer of ultracold Rydberg
atoms in an optical lattice
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[ Abstract]

Many-body correlations play an important role in physical phenomena such as the
emergence of superconductivity and magnetism. Solving such quantum many-body problems
is thus one of the central goals of modern sciences. In our previous study, we have generated a
strongly correlated ultracold Rydberg gas by broadband picosecond pulsed-laser excitation of
a disordered ensemble of rubidium atoms in an optical dipole trap and observed its
many-body electron dynamics by time-domain Ramsey interferometry with attosecond
precision [1-4]. We apply this approach to rubidium atoms trapped in an optical lattice. This
would allow us to uncover more precise many-body dynamics hidden behind averaging over
the disordered ensemble. To perform such an experiment, the long-term stability of the
experimental system is required, including laser-frequency stability for laser cooling. In this
poster, we discuss the long-term stability of our laser frequency and other possible technical
improvements.
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Spectroscopy of optical emissions generated by high-power pulsed
magnetron sputtering (HPPMS)
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[Abstract] In the last decade, high-power pulsed magnetron sputtering (HPPMS) has
attracted a lot of attention, and was studied and developed actively as an ion PVD technology.
More recently, reactive high-power pulsed magnetron sputtering (R-HPPMS) performed by
introducing reactive gases was in the spotlight as a fine-controlled deposition technology,
although the reactive plasma and the reactive deposition processes are lack of enough
understanding. As a beginning of R-HPPMS study, the excitation temperature, which is the
index of excited level distributions for the light-emitting species in plasma, has been
estimated from the emission spectra of atoms and their ions, for the purpose of unveiling the
atomic process in the plasma.
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Branching of Coordination Bonds Cleavage in
Transition-Metal Nitrosyl Complex Excited by Ultraviolet Light

oHiroyuki Nakata, Keigo Nagamori, Katsuyoshi Yamasaki, Hiroshi Kohguchi
Department of Chemistry, Hiroshima University, Japan

[ Abstract] Photodissociation of Co(CO);NO has been investigated by REMPI spectroscopy
and ion-imaging of NO and CO photofragments under supersonic jet condition. NO and CO
photofragments were generated in the X *TTa=152,32 (v =0, 1; J) and X '=* (v = 0, 1; J) states,
respectively. A scattering image of the NO (v = 0, J = 39.5) fragment showed bimodal
distribution: translationally higher energy (E(i€") component with an anisotropic angular
distribution and EX°" component with a nearly isotropic distribution. The angular anisotropy
was ascribed to rotational alignment of the NO fragment, indicating torque via Co-N-O bent
geometry in semi-classical picture. A translational distribution of the CO (v = 0, J = 36)
fragment displayed a qualitatively same shape with £V distribution of NO. The coincidence
indicates that NO with E{°" and CO are released through an indirect mechanism involving

relaxation processes.

[FF]
B BIEIR (Transition-metal complex, TMC) [EH .04 8 H1 2R O = R L — ) IT 82

W LT OBTIREZ o7, St t, BEm (10 fs<) O PNEHERH-CHEFAS
xS EE 1], —MRICEANLAE B fREET % L% — (100 - 200 kJ/mol) (351D
AR A MRRE= L X — (200 - 500 kI/mol) DN-43LA FTh H7-D[2], 64 - Al
JHEIZE VETFXA T I 7 AR TEEERBNL T DMREEL 5 5. BEALT O YCMRBES S
1%, TMC OENLF-EHLHRE D 1 7 VOBRIE)SIZIES WD TR Y, fREERR
DFEINE SO DULEZRSLIRIRMENZ D30 o D EEETH 5.

ERARE= hu LB O NO B I3 0% < OIS W CRBEE T,
FTEEANIF & LTI L ZEDRRBRICHE LN TWVWDR]. —FT, A% T
NO OfR#fE[3], FEARAFZE CIrddfs B L[4 s SN TR Y, MEEREOBLE» D
NO BN+ DOMEZEMFT 2 MENHH. AMFZETIE, NO &IIxRRAVIZEIEES 2
272 CO BN F A2 ETe= k1 I LA Co(COBNO 5t L L, HHRENIF NO &
BLBERCAL - CO DOFRBERRE DRI « Tl Z2 B & L=,

[FE ()]
0.25%!Z He %78 L 7= Co(CO);NO % W TSy T2 BAEIE 2. ~225 nm &



U~230 nm DOF / FL A L—H =3t %2 5 FHITHRST LT Co(CO):NO Z bk L, [A]
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~NEWSH 2 LT, BELA R - W A AT
[FER - BE]
NO Channel
[1+1]REMPI A7 kL XV, NO 77 7 A v ME X Tla=1232 (v=0,1) IRED J~
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moment (X, v & j REELRT ) A —RIOMHEZRT, 0.5 ITEWVADELE LT,
Iho D ENE FRAFIZOWTORERIL, JElE Co-N-O fi& 2 i L 7= & 7R iE R
TV X L — il D OfFEEEZ R LT DL ERY B IR L 7 IRE) - [BlER
WK E T, ZHNRAESMEZLOZ LD, BB A RE L2 FEE N
fRBERSIE CTAERR L T S,
CO Channel CO(v=0,/=36)
[2+1] REMPI A~ kL LV, CO 7
FTAMIXIE (v=0,1) KEEIZA
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Conformational analysis of y-Hexanolactone by microwave spectroscopy

oTakahiro Takimoto, Nobuhiko Kuze, Yoshiyuki Kawashima
Department of Materials and Life Sciences, Sophia University, Japan

[ Abstract] y-Hexanolactone is an odor molecule that is included in a natural food such as
pineapple. The rotational constants of the stable conformation were determined by microwave
spectroscopy and quantum chemical calculation. We have identified three conformers in the
gas phase: eq-G', eq-T and eg-G conformation. For the eq-G’conformer, 65 a-type, 35 b-type,
and 24 c-type transitions were assigned. Similarly the number of assigned spectral lines were
72 a-type, 32 b-type, and 14 c-type transitions for the eq-T, 53 a-type and 30 b-type
transitions for the eg-G, respectively. Observed rotational constants agreed well with those
predicted by quantum chemical calculations, at the MP2/cc-pVDZ level within 1.0% or less.

[F£] Whisky lactone (5-buthyl-4-methyl-tetrahydrofuran-2-one) (WL) %, LERZ A
THIVAAX—IZEENDITBWW ST Th o, BE, 7~ U =W~ A 7 af oyt

(FTMW) (2 X - T 3FEOEZMEAEBFE S TWDY, £ 2T, AWFFETIE WL [
RABEREEZ S, ATy T ER SN DHIZEL \552;7 y—Hexanolactone

(C:HsCsH-0:) (Figs. 1-3) x4 & L=, FTIMW & & LFEREICE Y Z D40+
DEMEANRT MR 2 2 LT, [RER & ZEREZ RO IO THRET 5,

[528%] y-Hexanolactone # A7 > L ADKTZH~EAL, B —F —TH7ZH% 30°C
AIBICIRDL RN, HE2am OT7 A THIROD 9 2, J AN DEZEF ¥ 8 —

NIZHE S L CRUBt Dy T4 & 157-, 4.5-22.5 GHz O JF #5581 % 0.20 MHz Z & {2 40
RS L7223 bfw gl Ui, FEEHIE TIEEHE RS % 50-200 A1 & L7,

[Biz] 77 P 5 BRICIIZFAENRT T YTV (eq) T F v /L (ax) IZHD
L TE D, SHIZZFVRITILCI-CT £V D ZHMAIZONTIE0° : F— = (G),
180° : FT7 & (T), -60° : I—v=2(G)] B"BEZXHNDH, Gaussian09 7'z 7/ 7
L&AV, B L1 MP2/cc—pVDZ @ ab initio 5 %17 - 7=, 02-C3-C7-C8 ® 2 [
1% 0° ~360° £ T 15 T olEzIH) ofEikEbaIiTV., AT vy /L xb
X—ahmZER L, fREZEH LT 2 A, 6 DORMIKNEL ”ET&%Z) D3I
Tzo 2IZHOWT, [EHEEE(AB,C) & AHRf =1L F—DfE AR 7= (Table 1),

[FER - BE] 3 SORERMEERDGFEELFIE TE R, a WEBD AT Fh bk
FLEARER, £7eg-GCDARY MR E IR TX 72, 185-21 GHz ([ZHi7/- 1D a
TER ) = 8«7)% T 0 12, a-type 65 A&, b-type 35 A, c-type 24 K% JF)E L7z, [A



ERIZ, eg-T IZHBWT a-type 72 K, b-type 33 A&, c-type 14 ADF} 119 A, eq-G 2\
T a-type 53 A<, b-type 30 ADit 83 K& m)E L7, eq-G D c-type [ LIFE TE o7z
23, Table 1 Duc DIEL Y ZETHD EEZ T2, BHEARY NVOFENTIZIX, FERFR

~ 2% % Watson @ A-reduced Hamiltonian z H\ >, [BI#5EEL & 5 #0300 /178
ER /N " FRIBEICE DV IRE Lz, R % Table 2 12/RT, eg-GIZBW\ T, HFRED
(. eqg-T

[FHREM A, B, CIXZENZ110.9%, 0.16%. 0.02% CHEBRE & —E L=, [FERIC
eq-G (£ 0.6%LL T Tdh o7z,

Fig. 1 confomation of eq-G”’ Fig. 2 confomation of eg-T Fig. 3 confomation of eq-G

Table 1 Relative energy difference, calculated rotational constants and dipole moment
of y-Hexanolactone.

eq-G' ax-G' eq-T eq-G ax-T ax-G
AE /kJ mol* 0 2.10 2.24 2.42 4.7 5.67
A /MHz 3941.3 3410.7 5123.7 3742 4535.4 3270.3
B /MHz 1426.7 1598.8 1253.8 1488.8 1324.2 1640.8
C /MHz 1110.5 1252.2 1061.6 1263.3 1172.9 1509.8
o /D 2.36 2.58 3.91 291 4.17 3.77
wy /D 4.25 4.17 3.19 3.95 2.93 3.20
e ID 0.61 0.49 0.51 0.16 0.01 0.78

Table 2 Observed rotational constants of y-Hexanolactone.

Experimental

eq-G’ eq-T eq-G
A /MHz 3977.09188(20) 5145.32891(20) 3748.79088(33)
B /MHz 1424.516693(86) 1258.29539(12) 1491.93282(13)
C /MHz 1110.746363(86) 1065.11638(11) 1271.59992(12)
A; IkHz 0.15990(88) 0.05939(86) 0.3209(12)
Ay IkHz -0.7985(41) 0.0613(72) -1.4694(57)
Ay TkHz 2.807(20) 2.176(23) 4.841(34)
d;lkHz 0.05270(49) 0.01032(50) 0.06679(71)
Ok lkHz 0.267(22) 0.245(47) -0.254(37)
o /kHz 0.0028 0.0028 0.0595
N, /- 65 72 53
Ny /- 35 33 30
N, /- 24 14
():lo

[2%& 3R]

[1] Y. Kawasima et al., J. Mol. Spectroscopy 335 (2017) 27-32
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Observation of laser-assisted electron scattering
with sub-10 fs laser pulses

oKota Kumakura, Motoki Ishikawa, Reika Kanya, and Kaoru Yamanouchi
School of Science, The University of Tokyo, Japan

[Abstract] We observed laser-assisted elastic electron scattering (LAES) processes induced
by sub-10 fs laser pulses. By the pulse compression using a gas-filled hollow-core fiber and
negative dispersion mirrors, near-IR Ti:sapphire laser pulses (4 = 800 nm, At = 40 fs) were
compressed to few-cycle laser pulses (At=7.4 fs). An electron beam with the kinetic energy
of 1 keV collided with Xe atoms under the presence of the few-cycle laser field, and the
scattered electrons were analyzed by an angle-resolved time-of-flight type electron analyzer.
The LAES signals with a one-photon energy gain appeared in an energy spectrum of the
scattered electrons.

[Introduction] In electron-atom elastic collision processes in a laser field, electrons can gain
or lose their energy by multiples of the photon energy. This scattering process is called laser-
assisted elastic electron scattering (LAES). It was demonstrated recently that the LAES
processes induced by femtosecond laser pulses (At = 200 fs) can be used for investigating
ultrafast responses of electrons within an atom in an intense laser field [1] as well as for

determining instantaneous geometrical structures of molecules [2]. Because the temporal
resolution of the LAES measurements is determined by the laser pulse duration, LAES
measurements with much shorter laser pulses have been awaited for probing ultrafast responses
of atoms and molecules. In the present study, we constructed an optical setup for generating
sub-10 fs laser pulses, and performed LAES measurements with sub-10 fs laser pulses by an
angle-resolved time-of-flight (TOF) type LAES apparatus.

[Experiment] Figure 1 shows the optical setup for the generation of sub-10 fs pulses, in
which the pulse compression is achieved using a gas-filled hollow-core fiber [3]. The output
of a Ti:sapphire laser system (4 = 800 nm, 5 kHz, At =40 fs) transported through a beam-
pointing stabilization module was focused into the hollow-core fiber (1.0 m in length, 330 pm
in inner diameter) filled with an Ar gas

(0.5 atm), so that the spectral bandwidth was ]Tul.pAESexperimentsw.nsizao W)
broadened by the self-phase modulation. The Syatem N sroan \

group delay dispersion induced by the self-phase o i
modulation was compensated by chirped mirrors N

and wedged fused silica plates. The ol
compressed pulses were characterized by a two- s & K

dimensional spectral interferometer (2DSI).
LAES measurements with the sub-10 fs Hollow-core fiber

Fig. 1. The schematic of the optical setup
laser pulses were performed by an apparatus generating sub-10 fs laser pulses.




equipped with an angle-resolved TOF type
electron analyzer, and electron signals of LAES
by Xe atoms were recorded as a function of the
kinetic energy (£) and the two-dimensional (2D)
scattering angles, i.e., the polar angle () and the
azimuthal angle (¢). The schematic of the
LAES apparatus is shown in Fig. 2.  The
electron beam pulses with the kinetic energy of
1 keV, the linearly polarized sub-10 fs laser
pulses, and the Xe gas beam cross each other at
right angles. The laser pulses whose polarization direction is parallel to the Xe gas beam axis
are focused at the crossing point so that the light field intensity becomes 7 = 5.2x10'"" W/cm?.
The scattered electrons are introduced into the angle-resolved TOF type electron analyzer
composed of two electromagnetic lenses and an einzel lens. In the analyzer, the electrons are
decelerated first to around 5 eV for lengthening the TOF, and then, accelerated again to be
detected by a time-and-position sensitive detector. From the detected position and the TOF of
the electrons, E, 0, and ¢ are determined.

e p— \
Electron - Detector
Ye

Einzel lens (flight tube)

Fig. 2. The schematic of the angular-resolved
time-of-flight type LAES apparatus.

[Results and Discussion] Figure 3(a) shows the power spectral density of the compressed
pulses measured by the 2DSI. The central wavelength was found to be 740 nm. The
spectrum covers the wavelength range between 630 nm and 870 nm. The temporal profile of
the recorded laser pulses is shown in Fig. 3(b), and the pulse dutation was determined to be
7.4 fs (FWHM)

Figure 4(a) shows the kinetic energy spectrum of the scattered electrons measured with
the laser field (red filled circles) and that measured without laser field (black open squares),
both of which were obtained after the accumulation for 13 hours. Figure 4(b) shows the
difference spectrum obtained by the subtraction of the spectrum without the laser field from
that with the laser field. The signals appearing at the red shaded area in Fig. 4(b), which
corresponds to the bandwidth of the laser pulse can be assigned to the LAES signals of one-
photon energy gain induced by the 7.4 fs laser pulses.
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g - . 30x10°
§ 08 (@ 140107 (a) b
£ o6 120 a
© 04 - 2 —&— LAES -~ 20
= -
% 02 -5‘) 100 - O Background E _
r 00 \ T \ \ T § a0 g p
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Wavelength / nm @ go— o I il
Z 104 Z £ . .
7] - o ] © !
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E 06 o o l ?
L 04 R S |
B . — -10
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0 20 0 a4 Energy shift / eV Energy shift / eV

Time / fs
Fig.3. (a) The power spectral
density of few-cycle laser pulses.
(b) The temporal intensity profile of
few-cycle laser pulses.

Fig. 4. (a) Energy spectra of LAES by Xe: Electron signals measured
with the laser field (red filled circles) and those measured without the
laser fields (black open squares). (b) The difference spectrum obtained
by the subtraction of the spectrum without the laser field (the open
squares in Fig. 4(a)) from that with the laser field (the filled circles in

Fig. 4(a)).
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Cooperative effect between the dihydrogen bond and hydrogen bond
observed in the Si-H---H-O type dihydrogen-bonded clusters

OYoshiki Kigure!, Masaaki Uchida?, Takutoshi Shimizu?, Yasutoshi Kasahara?,
Yoshiteru Matsumoto®, Haruki Ishikawa!
1 School of Science, Kitasato University, Japan
2 Graduate School of Science, Kitasato University, Japan
3 Faculty of Science, Shizuoka University, Japan

[Abstract] To reveal microscopic natures of the Si-H---H-O type dihydrogen bond, we have
been carrying out the laser spectroscopic study on the phenol-alkylsilane dihydrogen-bonded
clusters. In our previous study, it was found that there is a competition between the
dihydrogen bond and the dispersion interaction and that it determines structures of
dihydrogen-bonded clusters. If dihydrogen bond behaves as ordinary hydrogen bond, it
should exhibit a cooperative effect, which is one of the features of hydrogen bond. Thus, in
the present study, we have carried out laser spectroscopic study on phenol (PhOH)-X (X =
phenol or water)-triethylsilane (TES) to examine an occurrence of the cooperative effect. We
have observed infrared spectra of (PhOH).-TES and two isomers of PhOH-H>O-TES clusters.
All of these clusters exhibit a definitive redshift of the hydrogen-bonded OH as well as
dihydrogen-bonded OH. The result of NBO analysis also indicate that the dihydrogen bond
contributes to the cooperative effect of ordinary hydrogen bond.

[FF] SE DR 17 T A K — IIWFHIRFIEDFEIRIZ I > T, 591
FAAERIZOW T ORFFEA D %hﬂ\é ZD—DNIAHFFE TR & § D ZIKkFEHE
BN D, TIKFBREGIE, EICO0M LT KERT &AM LT KERT & OfICAE
CAKEHAETHD. BxIZINET, 7o b5k E LT7 =/ —/ (PhOH)
B, 70 FUOSEIRELTT XN T AW ZKER-E Y T AX—IZONT L
— P WHE & B FEFHE DD KBRS OV TOREEEERD TX2[1-4]. <
DFER, 11 7T AX =TT KRFMEE E DB AEEHOBF A CTHEENIRESND 2
&, KRFEREEITE G- 2 PuEM O EMBENVA A/ER & ZKERGRENSMHE L TW
HIEERBMNE LTERE, LOLENOIIRE LT KBRS OME I @E OKFE
FEA LRI ONE I DOV TITERORIN S 5. = 2 TKEMS OB FERIEIC

EH LU, ZKFBREGDEE OKE-AS ERIZETHONL, BRZDIREZRTIZTTHS.
ARFZECIE 7 =/ —L (PhOH) & RNUxF LT (TES) 24T KEHELY T A
% — PhOH-X-TES (X =PhOH, H,0) D4 HIE 21TV, KEFE ORI RO
TEELT.
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Fig. 1. FE (@ and UV-UV hole-burning (b) spectra of
PhOH-H,O-TES system.

(PhOH)2 MW
3530 3654
Species A
(PhOH)-TES
3470 (-60) 3507 (-147)

PhOH-H,0

Species B
PhOH-H,O-TES

1 I
35900 36100

3647
3747
3522

Intensity (arb.)

) 3721
Species C (-26)

PhOH-H,O-TES

3473 (-49) 13590 (-57)

3582 (-65) ?218?

T T T T T T T T T T T T T T T T T T T

3300 3400 3500 3600 3700 3800
IR Wavenumber / cm™
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clusters. All the values are in units of cm™.

3469 (-53)

RHEE CUE NBO AT OFE R & & O T2 FEIC DWW THE T 5.

[2%E& 3]

[1] Ishikawa, et al. J. Chem. Phys. 123, 224309 (2005).
[2] Ishikawa, et al. J. Phys. Chem. A 119, 601 (2015).

[3] #2455, %5 10 [ml5yF R FFtam<s, 3P008 (2016).
[4] WHE G, & 11 [ R atamas, 2P009 (2017).



2p010

OododoosSsecoOooooooooobooooaoa
oooo ',oooo? oO0DO OO Y,OooOootoooOo?

Reaction rate constant of the ScO radical with oxygen molecule in gas phase

(Japan Women’s Univ'.,Ochanomizu Univ.?) o Takashi Imajo!, Nami Yamakita!, Tsuneo Hirano?

The potential energy surface of the reaction of ScO and Os has been calculated by MCSCF/[ANO-RCC QZ(SC),
ANO-RCC QZ+g(0)]with non-plain Cs symmetry. Activation energy is calculated with 30.0 kJ mol™. We reported
the activation energy of the reaction of ScO and Oz with plain Ca, symmetry was 134.8 kJ mol~'. Considering
activation energies with plain and non-plain geometry, it is supposed that this reaction might proceed non-plain
reaction path. Orbital interaction in the reaction product of OScO2 with non-plain Cs; symmetry has been
inspected to elucidate which orbitals are important to stabilize the product. We will present details of the orbital
interactions at the conference.
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Intermolecular vibrational dynamics in nitrogen dimer studied by using
femtosecond time resolved imaging
oGenki Ishibashi, Kenta Mizuse, Yasuhiro Ohshima
Department of Chemistry, Tokyo Institute of Technology

[Abstract]

We have studied intermolecular vibration of nitrogen dimer by using pump-probe imaging
method. Firstly, intermolecular vibration was excited via impulsive Raman pump process. Next,
by using a Coulomb explosion probe pulse with adjustable delay relative to the pump pulse,
spatial distribution of the dissociated N>* ion was observed. The temporal evolution of this ion
image was changed by varying the intensity of the pump pulse and the polarization of the probe
pulse. With an appropriate pump intensity, signal due to intermolecular vibration is enhanced.
We also performed experiments by using a pair of pump pulses with appropriate time intervals,
aiming to selectively induce one of the intermolecular vibrations.
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Fig. 2. Time dependent alignment, <cos?¢>, for relatively high pump power (Left), and low pump power (Right)
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Fig. 3. Fourier transform of Fig. 2, for relatively high pump power (Left), and low pump power (Right).
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Terahertz spectrum of NHD radical
oHiroyuki Ozeki', Misaki Tanioka!, Kaori Kobayashi?
! Department of Environmental Science, Toho University, Japan
2 Department of Physics, Toyama University, Japan

[ Abstract] Pure rotational spectra of mono-deuterated amidogen radical, NHD, have been
measured in the frequency region between 1100 and 1600 GHz. Fine and hyperfine structure
due to electron spin, nitrogen, hydrogen and deuterium nuclear spin were partially resolved.
About 100 spectral line frequencies of 12 rotational transitions have been subjected to the
analysis combined with the data previously obtained by microwave spectroscopy. Higher-order
centrifugal distortion coefficients are newly determined.
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Fig. 1. Partially hyperfine-resolved spectra of NHD radical observed at 1420 GHz.

Table 1. Molecular constants of NHD so far obtained for rotational part.

Present study Kobayashi et al.[3]

A 602873.8275(100) 602873.269(53)

B 243145.839(188) 243150.415(86)

C 169880.437(189) 169875.877(79)
AN 9.29300(89) 9.2833(28)
ANK 30.7775(118) 30.303(39)
Ak 250.8873(219) 250.825(30)
ON 3.07447(112) 3.04088(35)
K 44.141(112) 46.854(41)
N 0.001027(48)

INK -0.04401(252) -0.0901(33)
axN 0.1360( 89)

ax 0.5477( 64) 0.59213(76)
INK 0.03103(99)

8 -0.4164(165)

(o) Bo)
[&E3Cik]

[1] T. C. Steimle, J. M. Brown, and R. F. Curl, Jr., J. Chem. Phys. 73, 2552(1980).

[2] 1. Morino and K. Kawaguchi, J. Mol. Spectrosc. 182, 428 (1997).
[3] K. Kobayashi et al. J. Chem. Phys. 107, 9289 (1997).
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Dynamics study of N-CHO and N-CHs bonds cleavage

in the photodissociation of N,N-Dimethylformamide
oKosuke Inoue, Yuuki Onitsuka, Katsuyoshi Yamasaki, Hiroshi Kohguchi
Department of Chemistry, Hiroshima University, Japan

[Abstract] Photodissociation dynamics of N,N-Dimethylformamide (DMF, HCON(CHzs),)
has been investigated by resonantly-enhanced multi-photon ionization (REMPI)
spectroscopy and ion-imaging. The ultraviolet absorption of DMF causes dissociation of
both N-CHO and N-CHs bonds, generating HCO and CHs fragments. In the present
experiment at a photodissociation wavelength of 200 nm, we measured the final state
distributions and state-resolved scattering distributions of the two dissociation pathways. The
CHs photofragments generate in the v=0, vi(CH-str.) =1 and vz(out-of-plane bend.) =1
vibrational states, whose scattering distributions show nearly isotropic angular distributions
with a single velocity component. On the other hand, the HCO photofragments generated
the vibrational ground state show anisotropic(B=0.4~0.7) angular distributions. The
observed translational energy distribution of the HCO pathway consists of two components,
indicating further branching to HCO + N(CHs)2(A%A1) and HCO + N(CHs)2(X?B1) pathways.
The marked difference in the competing dissociation pathways of the DMF photochemistry
is experimentally elucidated in the present study.
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[1] D. Liu et al., J. Chem. Phys., 117, 9241 (2002).
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[3] N. R. Forde et al., J. Chem. Phys., 110, 8954 (1999).
[4] X. Qiu et al., Phys. Rev. A, 89, 033405 (2014).
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Isotope effects on ultra-low-energy total electron scattering cross sections of
hydrogen molecules

oTakuma Okumura®, Tomokazu Ejiri*, Hirofumi Akasaka’, Kouichi Hosaka’,
Masashi Kitajima®, Takeshi Odagiri’, Masamitsu Hoshino?
! Department of Chemistry, Tokyo Institute of Technology, Japan
2 Department of Material and Life Science, Sophia University, Japan

[Abstract] Total cross sections for electron scattering from H,, HD, and D, were obtained
with the experimental technique using the threshold photoelectron source. The energy range
for the present cross sections was extended down to very low energy. Isotope effects, which
have been overlooked in the previous studies, were found in the energy region of the shape
resonance at around 3 eV and in the ultra-low energy region below 100 meV. The isotope
effects around the shape-resonance energy region are interpreted by the isotope effects on
cross sections for rovibrational excitations. On the other hand, the isotope effects observed in
the ultra-low energy region could not be explained with the existing well known theories on
the electron-molecule scattering.

[Fig] B0 FEZRRERII D TR R TV REEEETHY . &7
FILBTDVBEERDT A FT I AEHGET HET LR E LA INTX
oo D TEEETIE, O OZFLENEIGRIRIC G 2 D528, FRIRE) - BlEsR 80
Oy FIEEN DN B A 2SI A 5 2 D s N B R N, RIS, B & AN EZE T
5 OIZET HREME (E2EREE) 135 THRE) « PIESEB)ORFH A 77—/ X0 S
<. B/ SRR CIIE LR OFE 1 OER) & 4y 7 OiEE) 2 43 BT 5 #ig 3 B
i sinsd, —FH T, R VX —Mli28 TIIEERFN RS R D720, meV 4 —
H— ORBIRT RV X — I T IR ED - [ O RE R 7 — /W b Tl 22 kg 2
BTl d, 20D, BIEKZ VX —ETHECTE. ARETFOERHE HTO
IR - [PlHREEN DR FED LR R RS A T I 7 AORBNIIFIN 5,
BOEFk~ 13, BEOEERIH L2, LEWEEIRE AW 8- 70 B Tl 2Bk &
R L, ol AFRAC N, 2= L LT, 10 meV % Fla| 5B r/L ¥ —HEikici
i 5 B EZE WA ORE 21T > T 72[1-4], AFZE T, KFEHFORNIETH
% Hy, HD, Dy #1E L L C, BRIV — 2B D EZE2WmfE ORI E 21T - 7=,
KBTI, LR O LBV TH Y | ooy I~ Th 1 HRE)<CnliisE
AE N D ERMTEE~O S FEHOF SN L VBEICR L EBELbND, £,
Wi fE ~D RN AR Z B U C, B FEZEICB T 0 FEIHOREZH SV T2 L
DARETZ EE X B LD,

[32Bk] L, TERBER SN TEBAT 7 A MERWRD, LEWEERE
AR LT o R e L F —@E FEEERIEEIC L VITo 70, EHEILE OB =
Fig. 1 (27", 328RIE KEK-PF @ BL20A T1T o7, Ar Z Rl L 72t Ao b,



Ar OF—A T AL RV F—|THA
fbEan= ikt (hv=15.760eV) %
92, Ar OXA A AR LV S
iz, EEl T 2L F—2MFIFE 0eV DL
TWHETERAE LERICL Y HE
L. BV ARTERTLZ & TH
KXV X —BFBE—L521H5D, BH
M UESI, BT 2 &m0 5 R A
T IR IR EBAL DB DR S
e LEWHE OB EBTIRINOE
R THET D ENARETH D, =
DETE— LEENH A E T LT EEE VICRKE L, BiRE 7 £ — ARELE KR
HEHC XV RET D, BRBERIEIC LD, BWET B — L) O - H2E Wi
DOHEIHENE DD, — A7 E TEZEHEBR CHEH SN ABE FRICHE T, LEW
HEAPUIEN S FHFET THLRETH Y REBRTITNER LV & Bk 72 Wrim A1

Collision Cell

Photon Flux Monitor

G

Electron Lens

" Electron

Detector
Photoionization Cell SR

Fig. 1. Schematic diagram of the present experimental
apparatus.
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Fig. 2. Total cross sections for electron
scattering from H,, HD, and D, molecules
obtained in the present study.
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Photodissociation Dynamics of Oriented Halothane

oDock-Chil Che!, Masaaki Nakamura?, Toshio Kasai?, King Chuen Lin?,
! Department of Chemistry, Osaka University, Japan
2 Department of Chemistry, Taiwan University, Taiwan

[Abstract] The orientation state of the halothane molecule, which is a chiral molecule, was
selected using a hexapole electric field. The reaction mechanism is elucidated in detail by
examining the vector correlation between the laser polarization axis and the recoil direction of
the product under the condition defining the molecular orientation. The scattering distribution
of the product was measured by ion imaging technique. In this study, the formation
mechanism of Br atom in the ground state and Br atom in the excited state was investigated as
the product. Similar measurements were also carried out for the Cl atom formation
competitively generated by photoconduction. We discuss the reaction pathway from photo
excitation to product after scattering distribution of product and reaction branching ratio of
product.
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Tracing ejection and propagation of ion packets in the MALDI process

probed by sheet-like nanosecond UV laser light
( Niigata Univ. Pharmacy & Appl. Life Sciences ) oTatsuro Shirota, Saki Yokozawa, Chika
Kawashima, Takahiro Moriyama, Kennosuke Hoshina

[Abstract] A sheet-like UV probe laser was used to study the ejection and propagation of
ion packets of matrix CHCA, which were produced by matrix-assisted laser desorption and
ionization (MALDI). Using this method, we investigated the influence of accelerated electric
field on propagation for (CHCA)H" and (CHCA),H". As a result, it was found that the central
part of ion packets of (CHCA)H" begin to eject 45 ns and that of ion packets of (CHCA)H"
begin to eject 90 ns after MALDI laser irradiation. Also it was found that the magnitude of
acceleration electric field has no effect on the ejection time.
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Electronic excited state of corannulene by supersonic jet spectrosocopy

oHiromi Tohyama', Ayumi Kanaoaka', Masaaki Baba®, Hidehiro Sakurai®
! Graduate School of Science, Kyoto University, Japan
? Graduate School of Engineering, Osaka University, Japan

[ Abstract] Corannulene is one of the typical molecules of Bucky bowl, which is a
polyaromatic hydrocarbon (PAH) with three-dimensional © conjugate system. We observed
the fluorescence excitation spectrum in a supersonic jet and analyzed the observed vibronic
bands. The prominent bands are assigned to the transition to the a, and e; vibrational levels in
the 'S; 'E, state. The rotational envelopes are approximately reproduced by Coriolis
interaction of which the coupling constants are obtained by calculated normal coordinates. It
is noted that the vibronic bands with large out-of-plane displacement are strongly observed in
the spectrum.
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Investigation of isomerization pathways of azobenzene derivatives
based on transition between photostationary states

oHitomi Arait, Akihide Wada®
! Department of Chemistry, Kobe University, Japan

[Abstract] Many reaction pathways exist in photochemical reaction, and knowledge of the
pathways is important to understand reaction network. However, molecules that have several
isomers have many isomerization pathways and complicated reaction networks, so
conventional one-color pump-probe methods are insufficient to investigate details of reaction
pathways. In this study, we developed an experimental system to observe temporal absorption
change induced by transition between photostationary states. In the system, several
photostationary states can be generated by selecting irradiation combination of two color laser
beams and different reactions depending on photostationary states can be observed.
Developed system was applied to SR7B that includes two azo groups and shows four isomerst,
SR7B has several photo/thermal isomerization pathways and, thus has complicated
isomerization network. By observing and analyzing difference of reaction behavior, we
proposed a model of isomerization pathways including four SR7B isomers.
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Fig. 1. SR7B(oil violet), CT type
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Fig. 2. Experimental setup

[#EH - Z2] 4 1511% 650 nm @ Laser #E %2 0~125 mW DFE T 5 Bt CA (L S H T,
S X D MONFEE OE W EEIHI L7-, Laser % ON—OFF (ZH) VY Bz 7=5A1C
DUNT, 2 BAhEEIZ K D RS i D B I AL B 4072 650 nm @ Laser 7% 125 mW @ & X
DRI IREEZEAV(AADS) D 2 RIEC AR kL% Fig. 3@ "3, F£7- 5 B Laser i
FEIZBWT, 7V —F U INRELABND 525 nm 115 TYIY HH L7= AAbs DIRFfH]
A% Fig. 3(b)IZ/~9, 532 nm HLAFE O5A (GRAR)IT AAbs N HFRHICE(L T D53,
2 tEhie TSGR E e @ 2 R T 2 L2 R LT, 2O ONIGEIRET
%721 5 BEFEO LR IE I DWW TR ES & Il S 872 7 v — 3L fitting 21T 72,
615 nm 1T OIEPEW UL TC R & CCIAD 2 DD FMAR D BMAL S I IRIE L T AT
T&EX5DT, DT 615 nm (FITDZELIZHWT fitting 217V, 0.19 sec(CC—TC) &
2.33 sec(TC—TT)D 2 DORFER Z15F7-, S HIT 532 nm HAREIZIIT 5 525 nm
U & 615 nm U O EE LT, 0.61 sec(CT->TT)DRFEH =57, Znb 3D
DEFEE % [ E LT 525 nm T DIz oW T fitting 217 9 & . AAbs DFEHI 2 L%
B HBLTE 7, ULEOMBITHERNG, BEMESEEEE & LT Fig. 4@)D &L 9 7ok
WA fkEm U7z, £ 72 650 nm O Laser 58JE & AAbs O BEZENN S SEHEMEAL & LT Fig.4 (b)
(R L7282 B L Esmfh i 7=, — 5. Laser % i 510 @ OFF—ON(532 nm:85 mW,
650 nm : 0 ~ 125 MW)IZEI D B2 72554 CTh . FlIET L2012 01 ~ B4 —4—
DOFRERE %2 B 5 2L B S 7z, ZAUTEE ORI & BB 23 [RIREFICHETT L |
FZIO D TH I D FE T DREEITH D EEZHILD, S HIZ 650 nm @ Laser 5#
FEIZ k5T AAbs ORI L DRE TN A/ A 2 & 8 R L7=, ON—OFF & OFF—ON
DG ST DFE TN TSN BT « BEZ L TALT MLOFEMIIZOWTIIRFZ TR D,

(a) 7 Transient absorption (b)o_o Jve———— (a} (b)
£ Q/—] il cc cc e
£ goop X 30 o rd ©=0.19 (s) :
£ |sssssssssssssssssssnmnss »w & A 4 H
B 2 4 — 0mW TC TC—T— 2
E ’ x1| 3| F —emw t=2.33(s) T
2 soorige v 13mW e T =—a— c1 =|-i—Y
s — =4 — 50mw .
Bleaching 06f 7 125mwW t=0.61(s) =
e o 2 4 6 8 10 TT — 4 TT = 4
Time (s) Time (s)

Fig. 3. (a) Two-dimensional A Abs spectrum, (b) A Abs Fig. 4. Pathway models of (a) thermal
change around 525 nm (ON—OFF) isomerization and (b) photoisomerization
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Near-infrared spectra of second overtone of OH stretching vibration region
of Water - ethanol - glucose ternary system solution

oJunya Matsuda, lori Sakata,Yoshisuke Futami
National Institute of Technology, Kumamoto College

[Abstract]

Water, ethanol and glucose are molecular species with OH groups. Absorption spectra of
ternary mixed solution (water —ethanol —glucose) were measured. The absorption peaks of
second overtone and combination tone of OH stretching vibration were observed in
near-infrared absorption spectra. Absorption peak of second overtone of OH stretching
vibration of a water was observed around 10000 cm™. The absorbance of around 10000 cm*
was proportional to the content of the water. The change in the frequency is small. Increase of
the ethanol amount and the glucose amount made an absorption maximum shift to low
frequency.
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Correlation between flexible structure and phase behavior of
ammonium-based ionic liquids

oKenta Nishisato, Kozo Fujii, Takeshi Morita, Keiko Nishikawa
Graduate School of Science, Chiba University, Japan

[Abstract] Ionic liquids are organic salts with low melting points below 100°C although
composed only of ions. It is expected that they are applied to many fields as novel liquids with
unique properties. Their phase behaviors depend on the conformational changes of constituent
ions and their flexibilities. We have been studying ionic liquids with ring structures such as
imidazolium series!!! and piperidinium series®!. In this study, we attempted to elucidate the
phase behavior and the dynamics of each ion of an ammonium ionic liquid, which is a common
ionic liquid, but to the best of our knowledge few references on basic physico chemical
properties has published. We selected trimethylpropylammonium bis(fluorosulfonyl)amide
(N1113[FSA]) as a sample.

Melting occurrs over a relatively wide temperature-range and the longitudinal relaxation time
(T1) changes continuously at the melting point. Therefore, it is considered that the melting
occurred at a very slow rate compared to other ionic liquids.
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