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Visible-light induced reaction mechanism of ozone-dimethylamine complex
oKentaro Kamata, Nobuyuki Akai, Munetaka Nakata
BASE, Tokyo University of Agri. and Tech.

[Abstract] Photoreaction of molecular complex composed of ozone and dimethylamine is
investigated by matrix-isolation IR and UV-visible spectroscopies. The UV-visible spectrum of
the molecular complex isolated in an Ar matrix shows two broad bands in the region between
400 and 700 nm. Upon red-light irradiation (4 > 680 nm), dimethylamine-N-oxide is produced
by intermolecular oxygen-atom transfer from Oz to the lone pair on the nitrogen atom of
dimethylamine. Dimethylamine-N-oxide isomerizes to N,N-dimethylhydroxylamine by
intramolecular hydrogen-atom migration upon the second light irradiation (1 > 385 nm). The
both photoproducts are identified by the DFT calculation at the B3LYP/6-31++G(d,p) level.
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Fig. 2 Matrix-isolation UV-visible spectra of a mixture
of O3/Ar=1/100 and DMA/Ar=1/100 measured
before irradiation (black line) and after 4 > 680 nm
irradiation for 60 min (black broken line). The broad
band is separated to two gaussian functions (blue and
green lines).
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Fig. 3 Difference spectra of DMA/Os/Ar (a) difference
spectra after and before visible light irradiation ( 4 >
680 nm), (b) difference between the spectra measured
before and after UV-visible light irradiation (£ > 385
nm) subsequently to visible light irradiation ( £ > 680
nm). (c) The calculated spectral patterns of DMOH
(positive) and DMAO (negative).
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Scheme 1 Photoreaction mechanism of Os-DMA
complex.
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[ Abstract] Rotational spectra of the 1-pentanethiol (1-CsSH) were observed using a Fourier
transform microwave spectrometer. Four sets of the 1-CsSH were assigned by combined
with the quantum chemical calculations. The small splittings for the a-type transitions of the
set 1 were observed due to the torsional motion of the SH group and the internal rotation of
the CHz group of the TTTg conformer of the 1-CsSH.  For set 2, a-, b-, and c-type transitions
were observed and assigned as to TTGg’ conformer. Only a-type transitions of the 3 and 4
sets were observed and analyzed by the S-reduced Hamiltonian. The obtained rotational
constants of the sets 3 and 4 agreed with the calculated values of the TGTg/TGTg’ and
GTTg/GTTg’, respectively.
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Fig.1 Four assigned rotational conformers of 1-CsSH

Tablel. Obtained rotational and centrifugal distortion constants of four
conformers of 1-C5SH and comparison with the results of ab initio calculations.

Experimental TTTg TTGg TGTg' GTTg
A /IMHz 14416(45) 6641.52792(84) 9927.0(21) 7933.26(16)
B /MHz 792.89343(69)  1022.540764(98) 900.35563(26)  933.27779(15)
C /IMHz 772.58202(76) 035.441995(92)  864.79264(25)  879.75237(14)

D, /kHz 0.0372(34) 0.18120(56) 0.0782(12) 0.10337(32)
Dy /kHz -0.74(13) -3.403(15) -2.795(52) -2.021(15)
Dy /kHz — 35.07(19) — —
d; /kHz — -0.03749(48) — -0.01792(47)
N (a-type) 35 35 30 36
N (b -type) — 13 — —
N (c -type) — 4 — —
ab initio calculation
A /IMHz 14274.01 6520.77 9890.32 7822.41
B /MHz 787.26 1024.48 896.52 931.92
C /MHz 767.07 933.67 859.89 876.07
s lD 1.69 0.75 1.53 1.59
wp ID 0.09 1.44 0.78 0.79
e ID 0.74 0.48 0.61 0.62
[5% 3C#R]
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[Abstract] Mass spectroscopies are widely used for chemical analysis in various research
fields including life and medical sciences. Since this method gives information only on the mass
number, the molecular structures of the parent ions are speculated with an aid of the computer
simulations for the fragment ions in the mass spectra. Under these circumstances, a new
extension of NMR to the gas-phase ions, which enables us to obtain rich information on the
structure, becomes increasingly important in both fundamental and applied sciences. We are
developing a gas-phase NMR apparatus based on a Stern-Gerlach type experiment in a Penning
trap. We also developed the experimental techniques for the formation and the manipulation of
cold ions under a strong magnetic field, which are the key techniques to detect NMR. In this
report, we present the experimental procedures for the RF magnetic-field excitation and discuss
the latest progress on the apparatus under development.
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Photodissociation pathways of the normal acetone molecule at 195 nm
studied by time-resolved electron momentum spectroscopy
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LIMRAM, Tohoku Univ., Japan
2 Northwest Univ., China
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[Abstract] We report on progress in elucidation of photodissociation pathways of the
acetone molecule in its Sz state. We conducted time-resolved (e, 2e) electron momentum
spectroscopy (TR-EMS) on normal acetone molecule at 195 nm to see whether or not there is
a significant difference, which had been found in our previous study on deuterated acetone,
between experimental and theoretical TR-EMS electron binding energy spectra. Because the
timescale of the whole reaction is of the same order as the current TR-EMS time resolution,
the theoretical spectrum was created by calculating EMS electron binding energy spectra of
all the reactant, intermediates, and products and by summing up those with appropriate weight
factors determined by their lifetimes. As a result, the experimental data were well reproduced
by the associated theoretical spectrum, supporting the currently suggested pathways. At the
same time, this observation does indicate that there are deuterium isotope effects on reaction
pathways of the acetone molecule in its S state.
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Rin Abe!, Kento Nishimura®, Shoma Hoshino?2, and Koichi Tsukiyama?
!Graduate School of Science, Department of Chemistry, Tokyo University of Science
2Department of Chemistry, School of Science, Tokyo Institute of Technology
3Japan Society for the Promotion of Science

[ Abstract]

Radiative deactivation process of excited molecules is an important aspect of fundamental
chemical physics. In our research group, we observed the stimulated emission process in the
infrared region from high Rydberg states of NO molecule and investigated the importance of
the stimulated emission process as one of dominant relaxation process in highly excited states.
In this work, we succeed to observation of the far-infrared emission from the surperexcited 13
— 14f Rydberg states, lying above the first ionization potential. We concluded that the stimulated
emission process is competing with the autoionization process in the same time scale.
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Temperature dependence of the hydrogen-bond structures of
phenol-water-methanol mixed clusters

oKeita Suzuki', Masataka Orito?, Hikaru Sato?, Yasutoshi Kasahara!, Haruki Ishikawa®
1 School of Science, Kitasato University, Japan
2 Graduate School of Science, Kitasato University, Japan

[ Abstract] We have been investigating the temperature effect on the microscopic
hydrogen-bond  structures of hydrogen-bonded phenol cations trapped in the
temperature-variable ion trap. Recently, we succeeded in observing a temperature dependence
of the relative populations among the isomers having distinct hydrogen-bond structures by
means of ultraviolet photodissociation (UVPD) spectroscopy. In the present study, we carried
out UVPD spectroscopy on the phenol-water-methanol mixed cluster cations,
[PhOH(H20)n(MeOH)n]". In the case of [PhOH(H20)3sMeOH]*, a clear inversion of the
relative populations between the ring-with-tail- and the chain-type isomers was observed. On
the other hand, an inversion of the relative populations was not observed for
[PhOH(H20)(MeOH)s]*. In this cluster, the ring-type isomer is still stable at higher
temperature. However, a difference in the branching ratio in the dissociation was observed
between the chain- and the ring-type isomers of [PhOH(H20)(MeOH)s]".

[FF] KEREA T2 22 USSP E DR EICB W TEERZE 2R LTEBY, T
ARAME ZH ST D100 F 7 7 AX =& A WTEHFENE AT T E
7o, TR IR K B RS A S (ot T DIRE N R O 2 B & L72iF R )M T
XTI TE. Boa KB RBAMEN B D BRI T DIREHRIZD
WG, BEREA A NIy I aitiEEEHW R EED TEZ[1-3]. ZhETY
=/ =V (PhOH) W F A ZHWEE L, Wi+ LTKERITAZ 7 —1 (MeOH)
DENENERRE LI EIT> TEDN, K-AHX ) —VIREFR TIIAZREL F
v NI NEBIZRR L EW/FIND. £ I TR TIE, K-AHX ) —IVIREY
7 X% — ([PhOH(H20)n(MeOH)m]*) DEILAEEE (UVPD) AT RLds b BPEIRS)
MOWBERGEEAH SN L, KR, AF =R EDRIRIZ LY KB ERHEIZD
WTCEEZITo72. LL'F, PhOH, /KB LU MeOH ZZnFPh, W, ML, 75
A 4 — % [PAWMpn]* & iR FET 5.

[H¥: (528 - BER)] i O AT L 0 R D N ETLFEFHEIC OV TOFEMIT
iR[1] & SR S A7, BARTOAFSE & O Ll s B KR S I2 31T 5 A A4 OIRENR
FEIX 30K FRE L BFE D DAL TWA[L]. o729 @ik(~200 KYREED HZ2 & L
T, I o7 T THHLR LOREBTOART ML HHEIE LT,
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Fig. 1. Photodissociation spectra and typical structures of
[PhWsM]*. Temperature condition for each spectrum is
shown in the figure.
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ERGMF TP EE=X — L7e A7 ML T, BN RIZHIZ T 25362 cm™ £+

PH =78 Rz Tz,
BETHY, EmIETHND BRI
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Fig. 2. Photodissociation spectra and typical structures of
[PhWMs]*. Temperature condition for each spectrum is
shown in the figure.
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Laser spectroscopy of hydrated clusters of protonated noradrenaline by
using electrospray / cold ion trap technique

oKeisuke Yamaguchi?, Koki Kano®, Shun-ichi Ishiuchi'?, Masaaki Fujii‘?
! Laboratory for chemistry and Life Science, Institute of Innovative Research, Tokyo Institute
of Technology, Japan
2School of Life Science and Technology, Tokyo Institute of Technology, Japan
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[ Abstract] Noradrenaline (NAd), one of typical neurotransmitters, can have various
conformations because it has several single bonds. It takes a specific conformation when it is
bound in the receptor. Therefore, it is important to explore its stable conformations to
understand its molecular recognition mechanism. Theoretical calculations of protonated
noradrenaline (NAdH™) predict that the most stable structure in solution is different from that
in gas phase. However, such conformational difference has not been proved by the
conventional methods such as NMR. To reveal the hydtation effect on the conformation, we
measured the UV and IR spectra of NAdH"-water, clusters with improved reaction ion trap.
The conformational change by stepwise hydration has been explored for the larger clusters
with more than five waters.

[FF] MRISZIIZFEDREE ORI EME & EIRIZHES T HF T T T AN
REIND, ZOWERITHEEHROBERESONDIZEG WD FEIMEZ AL TV 5,
MR EME TS 2 EEED, 2<0ar 7y A—2a v 2l 5 508, /K
EREAT ORI EOHEZ D LERN DD, T DD, REEWENEILTE
DEIRay TxrA—varre)z0E, il 2845 LT, T
HETHD, A
MR EWEO —FEThD / VT KL+ U v
(NAd) 1%, AEFLEME T 7 e b oAHniE (NADHY)
ELTHELTEY ., HimitE 2 HW T, RO =
VT A=Y a VIR STV 5, B RS X —SC e JC S
5l NADH O 7 I AN OREEICIT 3 fiE o eE | TR ovend o fold2k
Aoy T A— g I/1E(Jfold-i%£\ extendijz\ f(ij/-l; Fig.1 Stable conformers of NAdH*
A Fig.l) WEE L. KA T fold-1 BN R 2 EREE IS 725 L PHRISH WD, —
H7 . K T 4-5 DK 1- & OFRVIKEREAIZ LY extend BN RZEIT /2D &
FHIEHTWD, 2D EEZMHEID DD NMR[2-3]% W TZAFEAHE ST
L RSB L TR LT, EBRMIITLZERME DML LTV, £ 2 CTH A I,
D& D KT K AREEERE DN FEFRITEE Z 2 03% . NAAH OKF1Z7 7 A % —%
T8I RN I VLN L L D ERA TN D, FEEE TORERE TIL, NADH?
KFnZ Z Z 2 —(NAdH*-(H20)n (n=1-4)) D=AOLMRBE(UVPD) A~ 2 FLEB L TVIR dip



AT RS K FD 3 EENLT D & NADHY OREE DN K& < 24 5 "[REMEN
IRIBSILTWVD[A], Lo, SHITKGTFEESLTHELL S E LR, n=25 @
KRN T A2 —ORRENIEFIZEI AT MVAIENREECTH 7=, RO R, i

X, BEEBIR L7oKFnY 9 A X —E D= DIRERZE 8 W11 4> bT v 7 (X
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FEEN, BB 7V 7L AD - HOoOT7 X—F v —FBMICHLESLTL
iw\%®F%\b7/7%ﬁm IxF LA LT RFERICE > TRYLE R A F D
IRENEFR N Z V. K7 T A Z =L TW D AEEMEDR N H D Z L3 floTe, £ 2
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=5 DK T AR —FER L, KREWYFA XDT T XX —TOEELNE BT 5
ZEEHEE LT,
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BALT, ZNEASEISNE LR BT v IS U, @ ICHE L2 KRS (F
tﬁiﬂ@%ﬁ)%@@mU?Aﬁx%gALmemwmmnzm;iWWW®$
myﬁx&—:meﬂmm AR LT, ZE, WERE &SI T 7 A4 —
YA &P L, o E A OBIKIRGEIA A2 b7 v TR - A (<10 K) L
o ZIIWCHEEFEEN L —F—2E AL, SAREEA Y & AT A E & es C
B Uiz, AR DE S 2T =4 — LN L822I EfR514 5% T UVPD
AR MVEST-, £, BIIESNTREDON Y RIZENA L —F—DHE A2 EE L,
AN ——Z MBS - [ RERF14 25 2 & TIRdip A2 ML ERIE LT,

[FE8 - Z28) Wi, (4 FT7vy7FoAR - H
ADT R—F v —BINIFHEL 7V TR D ‘ 4 fold
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TOREE 150 KLATFICT 5 &, RATTCIXIFE
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Hydrogen effect on ion selectivity of K* channel by using electrospray
cryogenic ion trap technique
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[Abstract] The K* channel is permeable to K*, while Na* cannot go through even though
its ion radius is smaller than that of K*. Local interactions between the selectivity filter, a
specific domain which binds K*, and the ions are responsible for the selectivity. This
ion-selectivity is explained by energetical competition between ion-selectivity filter and
ion-water interactions. In this work, in order to clarify the role of hydration for the
ion-selectivity experimentally, we applied IR spectroscopy combined with electrospray / cold
ion trap technique to Na™ and K™ complexes of AcYNHMe peptide, which is a partial peptide
of the selectivity filter, and their hydrated clusters. It was revealed that the hydrated structures
of the two complexes is significantly different.

[F] K'F v 3T KM @RIRICBIR T DY X7 B Th 5, NatldA 4 v 8n
1.16 ATK (151 A)k v b/hEWnichBEboFIFEA @B LRV, 20X ) ik
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LD 1 DT D KeSA IXE DFEEEEENEN L, BN T 4 VX — LT DT 2 ik
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KR O~Y 7 AT A& FEEIHE, clustering trap Cryogenic

AcYNHMe - M* K fn 7 Z R X —
(ACYNHMe + M*-(H20)n) ZZERkL7-, %
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Fig.2. Experimental setup
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Anharmonic Vibrational Calculation in the CH Stretching Vibrational
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[Abstract]

We have theoretically simulated IR spectra including complicated vibrational structure
due to anharmonic interaction by using SINDO program based on quantum chemical
calculation. In previous studies, we applied this method to Benzyl Alcohol (BA) and Benzyl
Chloride (BzCl). The simulated spectra of BA did not reproduce the experimentally observed
ones. The simulated spectra of BzCl reproduce accurately the experimentally observed ones
regardless of basis sets. In this study, we measured IR spectra of BzCl and Toluene (TLE)
monomer in supersonic jets of He carrier gas and discussed the optimized structure and IR
spectra obtained with the quantum chemical calculations at various calculation levels. As a
result, the calculated IR spectra of BzCl reproduce the observed one when B3LYP are applied
as a functional. Comparison between the observed IR spectra and the calculated ones of TLE
gives good agreement for relatively stronger bands. For the weaker bands, some discrepancies
are observed. Therefore, it might be concluded that IR spectral simulation has difficulty to
reproduce low frequency anharmonic vibrations where the potential surface is shallow and
anharmonic.
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IR HIEIXZENZND TR I AT RV EIR L, £ DAY RV G
DT DOREECHE B TRE 2 EOfx IRIEMB BN D120, BV ZE CHHA I TE
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RENE CTEOFIEFEL LT Yagi HIC k> TR ENZSINDO 7 /' Z Aindh 5
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LTz, AEOIETIE, BzCl BEX O ML= (TLE)DFHEIZ L D AT L3
HME & O, F 7~ Gaussian 35 L OV SINDO (2 X A FEFEFIEEISGEHAE ORIz >N\ T
e #4777,

(5 (528 - #Hin))

B BzCl B L OTLE 2% FEHK 3atm ® He KA L HLICBEEH =y FE LT
WEH L, IWEAEOERMEEZRN L, EFEBICL s tembd o2 TL—Y—
FHEAEEOIF) AT MVERIE LTz, F2. BISNTZE AT FLOK{ N R
SR B L7728 5 . 850K 50ns BTICRANEZBE L, AL ERERSIT %
Z & THOEBm R E(FEDIR) A7 b L AHIE LTz, BzCl B L OTLE 2% L T,



SINDO v 77 A& T IR A7 hLEFHRE L[], ZoFETE HEFiHE
WZE VIR T vy v LT — il 2 KD | AVEIRE)EAED 4 IROIEE TEE
L7=HR7 v v W (QFF: Quartic Force Field) Z/E%d 5, ERLI=RT v Ll
*F L. REERHI O AAER 55 W IGEITITEER IS 5ROIGEICIREE A BAEH
T O IREHEENH BE B 5 (VQDPT: Vibrational Quasi-Degenerate Perturbation Theory) %
AL, IREMREEAFHR L7[3], AT v ¥ ¥ VERD e D& b EIL 4 DD
BE%(B3LYP, ®B97x-D, cam-B3LYP, M06-2X)% F\ >, JEJERIE & LT 6-311++G(d,p),
cc-pVTZ, 6-311++G(3df,2pd), aug-cc-pVTZ % L 7=,

[fR - BE]

Fig.1 1% BzCl ® FDIR A2 kLK TNSINDO 71 7' L2 & % CH (iR BN ek O 77
WA FIVOFERERTH 5, 2970cm™ DL E'— 27 13 CHX #845 D5FRE L UK
SHPMIREIREN 2 . 3030cm™ {1 TIZ_ B 4 OfEIREI 2 £ L T\ 5, Kb
M5 E 9T, B3LYP TIEZERD AT M ra IS HB L TWA 23, MoOPLEIE Tidn
v RMLEDO TR, N RABROR—E N R 55, Fig. 21X, TLE @ FDIR A~
PR SINDO 77T Kk byIalb—vafifRThs, 265 BRLTL
2970cm™ fF T DFRVY B — 7 |3 CHa 5 53 DX #Rds L OSSO PR fikEh 4, 3030ecm™ {3
TIEIR B U EH S OMEREI 2 £ L TV D K BEHEIZE D TLE AX7 kLTI,
HEB A ST TH AT TR EREVN LR 7=, 2970cm™ (T3
F OV 3030em™ 3T 7e ECIHISIFEB L - B — 7 #&2 R L TR0 | R2EH & o kil
ToHE RIS ER LTS, L, B90E =22 L TUIERD AT Py
RARRTZDTESHRTETCWDHEITIEZR, TNETORELIY, KT vy
Ak < BEHER AT ARIRENVEL D L 5 7 IERFI O R S WIREBND R T >3 vl & 78
DHBENRTE TN ENEZHND, TLE DFERALT ML L OZEDOMOFEL
WIRIE R CIC oW TEAR RS TR 5,

W PoIKobered) Ty «mwwmeWWmMn
A h (A) FDIR(observed) 3]
AN

(C) M06-2X

(B) B3LYP A A o .
(B) 6-311++G (d , p)
(C) 6-311++G (3df , 2pd)
(D) ce-pVTZ

(E) wB97x-D . A e (E) aug-ce-pVTZ o Mw wLuuUL

2800 28‘50 29IDU 29‘50 30IUU 3050 3100 ' ' ' y !
wavenumber(cm-1) 2800 2850 2900 2950 3000 3050 3100

wavenumber(cm™!)
Figure 1. (A) Observed FDIR spectra and (B) - Figure 2. (A) Observed FDIR spectra and (B) -
(E) calculated IR spectra of BzCl. The SINDO

_ _ _ (E) calculated IR spectra of TLE. The SINDO
program using 6-311++G(d,p) basis sets with program using B3LYP functional with several

(D) cam-B3LYP

several functional are applied for the basis sets are applied for the calculations.

calculations.

[2E 3R]
[1] K. Yagi, SINDO is a suit of programs including a PES generator and solver of the vibrational many-body
problem developed by K. Yagi (Univ. of Tokyo).
(2] IhPEE, I A& e, VHE SROE, IUE B, 1 J5RN JUKR GE B 1L gy TR RS
2017 (filifs)  4P003.
[3] K. Yagi, et al, Phys. Chem. Chem. Phys. 10, 1781 (2008) .
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Visualization of rotational eigenstates and wave packets of nitric oxide

oDai lkeda, Kenta Mizuse, Yasuhiro Ohshima
Department of Chemistry, Tokyo Institute of Technology, Japan

[Abstract] Rotational eigenfunctions play important role in the field of molecular science.
For example, spatial distribution of molecular alignment and orientation is represented as
linear combination of rotational eigenfunctions. Molecular rotation is described with the
theory of angular momentum, which interprets consistently a lot of experimental results. So,
clear visualization of rotational eigenfunctions in experiments is of great significance. To
achieve this purpose, we visualized angular distribution of electronically excited molecules
using both nanosecond and femtosecond laser combined with ion-imaging technique. We
observed two angular distributions on single rotational level, (J, |M|) = (1/2, 1/2) and (3/2,
1/2), of electronically excited nitric oxide (A 22", v = 0). Because we used ultraviolet single
photon resonance whose selection rule was AJ = 0, =1, we could access only two rotational
eigenstates just mentioned. To access other rotational levels, implementation of multiphoton
excitation will be useful. Here we demonstrate the (2+2) excitation spectrum of the NO A-X
band. We will show spatial distribution of the other rotational eigenstate.

(ﬁ)ﬁi@%%%ﬂﬁi@%ﬁ@ﬁ@&%@% W2, KT fém&mﬁ&
TR TR ER LITBWT, S FORGMEE X815 2 5 72 EZBR )Y il fE

ook A, Mﬂ%ﬁﬁi”%@ﬁ%ﬂiﬁ%@\ﬁ%r#% ETHD, E%lﬁ
BBARIE L LTI TE D, LN T, FREA K OFEZFICEIT 2 IRIT S
SRR BB W CEERKRE 2 RT3 B0 nisE I A E B ORI
KOKRRETHNTEY, BimIZE 2 6N BEAERBEIT N E TOKEL < OB
K2 L<HATDH. LorLlans, HEREAREIZER LTEORIREFERIZLY ﬁ
BEMICHE LI E A ER W, RIFE 7 V—7"Tlx, 84 7 L —H—Jic

DB —[EREN I CE TR S B L ER D TR, 7oA MR L—H— tk
MEBAFR LIZWEA Ao A A—D 0 VHEE[] 2 W5 2 & T, BIEEEA B A BRI
e U 72 GBI LT b Excitation by ns laser

Dissociation

[2 3] — @H#?% ghf;{ﬁﬂﬂiﬁt% 1 photon 2 photon by fs laser
EARBRR T L2 0% <~ 2|

HEM TEEINS, O, M) =12 A% | f .
1/2)?5&@\‘(3/2, 1/2) D 5722 D T 1 12| . T
/v%ﬂﬁ%%iiﬂﬁ”éﬁﬁ@ﬂ@@@ I 1 Recoding w‘a‘; .
HTHoTe. TIT, AFRTIES x4y I T g distribution of
SIZHE 7R ARl REDO B 2 D 5 Qi Qiz+Ry1 Ry Siz
ZEEHME L (Fig. 1). Fig. 1. Experimental Scheme

[EB] ERFE o/ BeaRL—F -tz LT, AREO7 =L
Ti:Sapphire L —#%—3 (~500 ul/pulse, 820 nm, <100fs) %1 A4 Ak & LTHRIAL



72, BEHEY =y FHPONO 3 HICiE N 2EN L, &—FE iR o H—iREA
HRYENT T L7=. BT T, A A b E LT 5 2 & CREEEM: 21 4> NO™ %
AR ST, TIRITTHIE A A BRI & o T NO* OBl C X v i S 47z NV
T TR A F o DZEMISAR e BB U 7=, B BRI L RE R AR 0 7
DA T AL LT W EWCERH L, A A A REE 7T T A b A NEKRT S
BUBRREEIZ L-BIEZITV, B2 Loy 7 7S5y NEigE DESEZI S 2L
T, RERE L D72 W EEE OB Ay FHEROE SR 2 3ZH L.

[FEFR - BE] MPERZRS EBEEEL B 5700, H—0BEAREKOIRZ#RT 5
[T —DM|DOBREIEE T B MLEN B D, LIz -> T, siREE & L ClEmERILEIRRET
HDHQ, M) = (U2, U2)NEFE LV, ZIE TIEHEIE (=226 nm) O WIIZ L5
A-X EBTFEREO Qu(li2)fk & Rp(U)tZFIH+ 5 Z & T, NO D AMKREIZEIT 5 (1/2,
1/2) & (312, 12)D S 7-> D [alEsE A REE (Fig. 1 /) (Zxf T 28H=1T-7- (Fig. 2).
AESAIL IPPEEEECHH Z LICER LT, FEOBARE LT ambni
R paE & 138 5, RN BAEOY 2~ (Fig2. A F).

2 A WAL TIEER OEIRA D — TR OSGE L B s Z LICERTHUE, &6
IZH e HEHRVEN ORENEBLITE H EE X 65, Fig. 312 /2 BHIZ L %5 NO 4y
T O AX BFhEAXT MV Rd. RO EBEITEEAOE (226 nm) 12X 5 (1+1)
REMPI 27 kv, TEAIAFE (<452 nm) (2K 5 (2+2) REMPlI A7 [V, %
NEN 1 HFZFAF—BLY, 2 KFZFAF—CH LT Ty FLE. (2+2)
REMPI A7 FLiE (1+1) REMPl A~37 kL & FE~BREEAS A > TV DAY, Zh
NWU—ENVIZEDEBZBND. 2 EFRIITHENTIE 1L A FRIN TR & 2
VY, Sp(12)o e — 2 i3 bk, (512, 12)D Hi—[alfE o L F — HELL ~ D ikl 23 iR &
iz, (512, UQIZHEIT D N7 7 7 A b O A ES A (312, 12)IZ e ~hit S O ff
HHFMDRHNRREL 72D, EOL D RESOWE R T2, LOEMBEICRDZ LN
HfFSh o, T, Se2)ERBAFIH LB, 12)IcB T 5 AE iz, [H
HREE D JIKGEERETHTETHD.

IEF IIREZ R R EFRROAESMITONTE, NO - FIZBW TR
B J IR EARERCRR s, LT = A ML —F—HEHNTET
FERREIZAERR L2 NO 43 T O EEREE R L A T X 7 AZOW T, 8L & T 2
TW5.

Q,(1/2) + R;(1/2) (1+1) REMP

Q1) RyA(1/2)

+— Excitation pol.

Ry,(1/2) + S,(172)  (2+2) REMPI

Q.5(112) + R, (1/2)
”‘1 |ﬂ| f /H $,5(1/2)

1 1 1 1
44190 44200 44210 44220 44230

1 photon or 2 photon energy / cm”

relative intensity

4+ Excitation pol.

Fig. 2. Image of released N* fragments Fig. 3. (1+1) and (2+2) REMPI spectra of NO A-X
and their angular distribution. (v = 0-0) band
[2E& 3]

[1] K. Mizuse et al. Sci. Adv. 1, e1400185 (2015). [2] K. Mizuse et al. Phys. Chem. Chem. Phys. 20, 3303 (2018).
(3] #um, K, K&, SH1LEGFREAERZ, 2A09 (2017).
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Observations of carbon-chain molecules in

the low-mass star-forming region 1.483

oTakahiro Oyama', Mitsunori Araki', Yoshiaki Minami', Shuro Takano?,
Aya Ubagai', Ayumu Ohsugi', Hironori Ozaki®, Yoshihiro Sumiyoshi®,
Nobuhiko Kuze* and Koichi Tsukiyama!
I Department of Chemistry, Tokyo University of science, Japan
2 Department of Physics, College of Engineering, Nihon University, Japan
3 Division of Pure and Applied Science, Graduate School of Science and Technology,
Gunma University, Japan
4 Department of Materials and Life Science, Sophia University, Japan

[ Abstract] Isotopic ratio is a critical parameter to understand galactic chemical evolution.
Especially, carbon isotopic ratios and isotopic fractionation of carbon-chain molecules reflect
their formation mechanism. We observed the simplest cyanopolyyne HC3N and its
isotopomers in the low-mass star-forming region L483 with Nobeyama 45 m radio telescope.
The column density and the rotational temperature of HC3N were determined to be 1.9x10"3
cm 2 and 10.9 K, respectively. The ratios of the column densities for the '*C isotopomers
were derived to be [H*CCCN]:[HC"*CCN]:[HCC*CN] = 1:2.1(3) : 1.2(2), where the
errors (1o) are calculated from those of integrated intensities. The rotational temperature was
fixed to that of HC3N. The column density of HC'3CCN is two times higher than that of
H!*CCCN.

[F] B 170K 4 BNXEMRERFHES T THY | D&M ONIEIX M2/
B0 FOTFENEZFEI TS ETARAIRTH D, BEARRFEH D FI35 FEONH
BEREOMRERE T C, FIZERBIWMAET AL INETEILNTE T, L L
. B RCEEIEE L O L IR ORI T, R OREm O FIE LT CHa N MU F
— & 7o THMRFEH D T34 T % Warm Carbon-Chain Chemistry (WCCC)iEF2 D 17
TEDSB BN o T2 [1], /INE REETE AR L483 (X, £ D X 5 72 WCCC 23 Z - TV
HRIEE U CTHEH ZNTWDD2] BEARRRE D T OBHENI o IiThbi T s & 1T
S 272\, EAYRFBHD TIIIEEO BC RN AR —EEARRH D . D OfFERL
ILIERR R Ry O E ISR T 2R A2 52 5, AL T E CITEBRRZE D
T ORERITIH D HCN IZHOW T BC RNV AAFEDOFIELL 2 Sk EICHIET 5 Z & T,
Z DB AZ I 50 LT E72[3]-[5], & 2 TABIZE TlE, L483 ITI51T 5 EfkRHE
BEy T DA KRS fEI 2 B L T, HCGN B L OF D BC RINAFEIZ W TEII 21T
77,

[BR] ES2 KA ILFHERBNET 45m I VKL <, INEREEFK
HEJE 1483 (18h17™29.85 —04°39/38.3”, epoch = J2000)(=%f L C. 2018 4E 3 A 29-31 H
|2 90 GHz #y CBLIZ1T - 7o, BLINZIXHE R FRSAE O SIS ZEWEFEHL, 7



2NV OER 7 IEE (SAM4S) & vz, BiESEO M o MEeICHE Y 95 B — AEI
19.70~20." 3, EEH /2T — X OFEFERFIIHK 5 B TH 5,

R - &) £, 2B S HCN O J=10-9 B & 47452 D Hirota ©[6]
D J=5-4 BB ORI IRENOAEEE & FERRE 219X 108 cm?2 B LU 109K L&
H L7z, WIZ=>0 BC [RNAFE, H3CCCN, HCP®CCN ¥ X OVHCCBCN OFE Sy i E
MHIENZFNDFEEE % (294 0.5) x 101, (6.1+0.9) x 10, (3.6 +0.5) x 10'*
em 2 LHEH L (Figl), Z OB, [EHZEE L HCGN OfE 109K IZEE L, FEHEED
RS TRE T SR DR ERR A b R > 7o, BUROR L2 SINIZEBWT, 2 b Dtk
B O & B D & [HBCCCN] : [HC'CCN] : [HCC®CN]: [HCCCN] =1:2.1(3):
1.2(2) : 65.5(9) & 72 ) . FLORFF AT 3C 2NEHL U 7= RN IR O FE MO [H
NARFEIZLERTRI 2 5V M & 72 o 72, Table 1 (2, Z#UE TIZ HCN @ BC [RIN AR
DI FE DR RIE SN TWDRIEOH 2 RT, RIKT & ICkHiAx REERT 0N, K&
< 43T HBCCCN & HCCCN DEMEIEE LWRIKE R D RIEN D D, Zffimr
FZ, HCCH+ CN — HCCCN +H O X 9 \ZEi 72 R FBJR 1 & FF ik 6, Ik
SR FER L C2H + HCN — HCCCN + H @ & 9 72 5 72 R 38 2 FF O R AA 2> & A4
L7z EBE 2 B, ZHER U+ THRIKZT LICEDOERSBIEIGE Y Z L 2 BT
%o ASEIOBRNG 1483 IFIELEMRFEM LEEZ HND,

A EHCCPCN D7 A /1T Table 1. Column Density Ratios of HC3N and its "*C isotopomers
Hp o> TRAED T A N
BH =hi- (Figl), £ZTH
fﬁ\fﬂ@%?ﬂiiﬁ‘ﬁﬁfﬁfi 0 - Starless dark cloud

Objects HBCCCN HCBCCN HCCBCN HCCCN

OB 277V, HC3N 0 =->  L1521B (7] 0.98(14) 1 1.52(16)  115(16)
O BC FIMAEFEIZOWT LY L134N[7] 1.5(2) 1 2.1(4) 94(26)
R RFNMAREEZ I 5720279 tMc-1cP[5] 095(13) 1 1.4(2) 75(10)

HTECTHDH, £, FEFEYH
VX R L 7= HCsN, CaH 3

Low-mass star-forming region

TN ColH D% % Aot C L483 1 2.1(3) 1.2(2) 65.5(9)
=] = )
1483 123317 2 B84 T L1527 [4] 1 1.01(2) 1.35(3) 86.4(16)
DR SAE 12 SN T34 %  Massive star-forming region
TETH D, SgrB2M)[3] 1 1.03(4) 0.99(3) ~20
<0081 g0 ¢ HCBCCN b HCCECN

v+ HBCCCN

o
o
o

o
o
=

Unidentified line ¢

o] e I P e

: { . .
88.166 88.168 90.592 90.594 90.600 90.602
Frequency / GHz

o
o
S

Antenna temperature T,*
o
o
N

Fig. 1. Observed Lines of the '*C isotopomers of HC3N.
[ 3CHR] [11N. Sakai e al., Chem. Rev. 113, 8981 (2013).  [2] T. Hirota et al., ApJ 720, 1370 (2010).  [3]
AN, TR, B, 10 [ RHARER S, 2A17 (2016).  [4] M. Araki et al., ApJ 833,291 (2016). [5] S.
Takano et al., Astron. Astrophys. 329, 1156 (1998). [6] T. Hirota et al., ApJ 699, 585 (2009). [7] K. Taniguchi
et al., ApJ 846, 46 (2017).
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Detection of CH3NCO and Measurement of the CH3NCO/HNCO Ratio in
the Star-Formation Region Sgr B2(M)

oYoshiaki Minami!, Mitsunori Araki!, Takahiro Oyama?, Shuro Takano?,
Nobuhiko Kuze?, Koichi Tsukiyama®
! Department of Chemistry, Tokyo University of Science, Japan
2 Department of Physics, College of Engineering, Nihon University, Japan
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[Abstract] Various organic molecules are abundantly produced in interstellar space. They
are thought to be origin of initial organic molecules on the earth, because they were
transported to the primitive earth by impact of comet. Thus, it is important to explore
composition of organic molecules in space. In this study, to detect the simplest isocyanate
CH3NCO, we observed the massive star-forming region Sgr B2(M) located at the Galactic
center with the 45 m telescope of Nobeyama Radio Observatory. As a result, CH3NCO was
successfully detected for the first time in Sgr B2(M). The column density of CHsNCO was
estimated to be 3.2X10% cm™ by a rotational diagram analysis. The abundance ratios of
HNCO/CH3sNCO, CH3CN/CH3sNCO and CH3OH/CH3NCO were derived to be 19, 8 and 101,
respectively. These ratios suggest a similarity of chemical compositions between Sgr B2(M)
and Sgr B2(N).

(Fﬂ JFHAHIER E OB OFFE ORIFIZREMZERICH D . T DAY I3 E R H2e
2K o THBRHIBRICRR L7 & T2 A I ThH, £ 2T, BFZEM & EHE THE
%%%ﬁﬁﬁé ZEMZDOPA~NDT T Db—v’“hoiﬁﬁé oz, BT bEEY
BADELDTER S VBT, T D7 DT HEALEEPE D 7 5 45 %Eﬁf R NP A
5%%75%5 Rz 7T REEEIC Eu L7 NCO & ¢ h, AWM T ThH D
CH3NCO 1357 /"7 BEDBHER G FITED HEE R T 5, CHINCO 1 Z
AU E TEE 67P/Churymov—Gerasimenko [1]. /IVE &AL EIK IRAS 16293-2422 [2].
KE BRI EE Sgr B2(N) [3,4]. Orion KL [3] THitH ST\ 5, LA L, CHsCN X
CH3sOH @ CH3NCO (%9~ D fE(ERIE, HE Tldid TS <. B EER TlIk
XU [5] (Table1), ZAUIALZF=HEALDOMIALAT CHNCO DOHIMMAE Z » T2 Aledk:
ZRLTWD, AR TIE, [F UKREEEFAMER T Sgr B2(N) L 0 (LN EA T
V% Sgr B2(M) [6]iCF1F % CHNCO ofethi & E& & Hff L7z, £ LT, o+ &
DIFEREIEZRE L, RIKO#ILIZ X (bSO E(L 2098 LT,

[BlH]] K& &2 Rk ER Sgr BZ(M)[17h47m20 3%, —28°23'07.3" : 2000 4E4y s DB %
EN K SCHE D ILFHER BT 45 m 2 U i Emsi 2 V2016 454 H 9~11 H 12 87,
103 GHz ##. 2018 4£ 2 A 7~9 HIZ 110 GHz m?&%ﬁ/ﬁl | U7z, SAHSIZ I R i A
KNY RRIRFSZAE D258 (T70 & Forest) %, 23 titicids U2 VRO &R /3 tE

(SAM45) % 7=, SIN HiE 3~5 R ETh -7,



[#E R - B 2]Sgr B2(M)IZE VT CHINCO {5 [Hnco 5,54, .
D 4 KOBEBOHEIZHL L7z, HNCO (5 | HEH [
EOWEEHED TN DND AT RV (g |

K

Z Fig. LI, iS4 D Ry : CH.NCO 10,409 50
7T R E ERIEILZ OREO—EEE & 0'05|J H—HJII-I ,
—EL72[4], CHsNCO DA F LDl 0.00 !

NWIEENL8Acm I THAT-D 1 oDy T & - B

CHINCO 12, 3, 1150, oF
UCHENT A 7o 12, 54 » M B[RS 2 003] | i
AT 7T ME[NERHWCHAELZEZA 0.00 :
&ﬂjai 33 K & %Hj éj/l/f:o 005 _CHaNCO 123120111110
Table.1 {2 CH3NCO [Z%f9 5 HNCO, i
CHsCN. CHsOH Dttt amd, o 00

CH3NCO DO fF/F &l 3.2x10% cm2, fihitdifi

> P ] =20 0 20 40 60 80 100 120 140
n‘fﬁ%@ﬁuf i D ELEEORTOL Doppler Velocity (km/s)

TR OB, S FEMAEOENEIDIT _ o

BANCHE NS LREMIBTE T, Sgr [ Dsedtonof e ton e o Crpico
B2(M) & Sgr B2(N) I3 KE &2k fE & rotational  transitions by using the quantum
W ETRILCh BN, — 5 CHELE BT numbers J ka, ke, v Dased on CDMS [10].
DLUERZRD . (MIEN) LY BN EATHVDI6], L, SEIORERENGIFERED
FER LG U BB RRIC R X W R G e o T2, 3 FENLEE~OH#LD
W TEZ 2 EHEE S D CHINCO DfFfERELOHINIL, W& OM TIEXE SR
-7z,

A [A], CH3NCO DWW DD T A MDD Gy D T A v L B VR CE Ao Tz,
S%ITE 0 2L OEB TR OB ZITV., KV EMRFEELZETR TS, £/,
M H I Sgr B2(M)D HNCO DFfitfir=e, [RIRFIZ @B 21T > 7= Sgr B2(N) D gt D
RO BERTDHTETH D,

Radio Intensity
o
o
w

Table.1 Comparison of abundance ratios of organic molecules among different sources.

Source HNCO/CH3sNCO CH3CN/CH3sNCO CH3;OH/CH3NCO  Reference
Comet 67P/C-G >0.2 >0.2 - [1,8]
IRAS16293 A 4 9 3200 [2]
IRAS16293 B 12 8 3333
Orion BN/KL Position A 15 10 400
Orion BN/KL Position B 15 25 255 [3]
Sgr B2(N) 40 50 40
Sgr B2(N) 9 10 182 [4,9]
Sgr B2(M) 19 8 101 This work
e BEN

[1] Goesmann et al., Science, 349, 689 (2015). [6] Pols et al., A&A, 614, A123 (2018).

[2] Martin-Domenech et al., MNRAS, 469, 2230 [7] Turner et al., ApJS, 76, 617 (1991).

(2017). [8] Altwegg et al., MNRAS, 469, S130 (2017).
[3] Cernicharo et al., A&A, 587, L4 (2016). [9] Belloche et al., A&A, 601, A49 (2017).
[4] Belloche et al., A&A, 587, A91 (2016). [10] https://www.astro.uni-koeln.de/cdms.

[5] Ligterink et al., MNRAS, 469, 2219 (2017).
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Search for IR Marker Bands Characteristic of
the Formation of Nucleic Acid Base Pair

Hiroyuki Saigusa, Ayumi Oyama
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[ Abstract] Mid-IR spectroscopic method is employed to investigate the base-pair structures
of nucleic acids formed in the gas phase. The result obtained for 9-methyguanine dimer, in
which the methylation mimics the presence of sugar-phosphate backbone, shows that the
so-called C=0 stretching normal mode is not really localized on the C60 internal coordinate.
Vibrational energy distribution analysis (VEDA) indicates that the relative contribution of the
internal coordinate associated with the C60 stretching in the C=0O normal mode decreases
from 58% in the monomer to ca.10% in the base pair. This normal mode is characterized by
substantial contributions of N1H bending coordinates, and thus can be used to IR “marker
bands” which are sensitive to base pair formation. A preliminary result for
9-methylguanine/1-methylcytosine base pair of the Watson-Crick (WC) structure will also be
discussed in this presentation.

[F] T~ BELET. 2o 087 2 VBNER P oEREE 2 MDA )
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ZALT 5 T2 OFEM 72 PED AT 25 24 |

HTHDHI LENDIND,

(OMG)(1IMC):
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LR ORNART bV ETT, ﬂWMM
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[1] A. Asher et. al., Chem. Rev., 2012, 112,

2604.

[2] E. Taillandier, J. Liquier, in Method in Enzymology, Vol. 211, p307. Academic Press.
[3] M. H. Jamr6z, Vibrational Energy Distribution Analysis: VEDA 4 program, Warsaw (2004).
[4] Urashima et. al., J. Phys. Chem. A, 2010, 114, 11231.
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Zero-point average structure of 2,5-dimethylfuran
determined by gas electron diffraction and rotational spectroscopy.

oTamon Okamoto, Nobuhiko Kuze
Department of Materials and Life Sciences, Sophia University, Japan

[Abstract] 2,5-Dimethylfuran is one of the important compounds as a potential biofuel in
green chemistry and energy science. Its molecular structure has been determined by the joint
analysis of gas electron diffraction and rotational spectroscopic data. Vibrational corrections of
the rotational constants and shrinkage corrections for interatomic distances were derived for the
harmonic force field of the molecule. Least-squares fitting against the diffraction data and
rotational constants has been carried out for the stable conformation. Determined structural
parameters (bond distances in angstrom and bond angles in degrees) are: r,(O-C) = 1.357(10),
ro(C=C) = 1.378(12), ro(C-CHs) = 1.482(6), ro(C-Hiing) = 1.103(5), in-plane ry(C-Hmeny1) =
1.114, out-of-plane rg(C-Hmethy1) = 1.117, L,0CC = 109.3(7), £LoOCCretny1 = 118.0(8), in-plane
ZoCCHpnethyt = 107.5(12), out-of-plane £, CCHpeimy = 109.3, respectively.

[FF] 2,5-dimethylfuran [TV SA AREFE L
THEHIND T+ TH Y (Figl), =%/ —)k #\ g
g L T p VX — . FIHREO = kL ¥
— &N 13, BRH{OILEW D ORI ERK

TEXLREOREDHD, ZDh IO T :3
X, 2R FE TRIKE AT (GED)IZ X 0 /N MENE h

(115 L OKIREES 2 28 L skEs @D

RENTWD, £ ZTAMTIX GED 7 —#

[1]& BT & 7= [mlE E 53] & O R idT 4 Fig.1 2,5-dimethylfuran
5 ET, RMFICET B/NMRIBIREN 2 E L

12 B RS 2 SR | S FIREN O LD B O FE W DSEETRE B b 72 T B A ST
e & LRESHRET L7, 2 DOFE. GED DA TOMENT Tlid, CH; O NEEERIZIS 1T 5 R
T U Y VEERE 1y & SCER[3] T S AVIAABICARGE Lo, E IO TR, FEACE
YRGS 2 3R & 5 7o MM IE TR X RS E U S W TR FIR BT L Z D < R E)
IEHZFHHE L2 9 2T, ihraiTt-72,

[EEHFE] Gaussian09 7’1 7' Z A% U C abinitio 515 (MP2/cc-pVDZ)IZ L 2 i 1E
Bl EREFH A ATV, 2RO N OEREZRD T, 2o OREENS GED 7 — 4 fif
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(2. EE MG ST A —Z — D% Table A
1 IZRT, Fig. 2 Radial distribution curve
Of FA##T(Table 1 © GED+MW O#il) Tl
5 BB O-C & C-CHEAEBEOMM E T LFERE L By, 26 OfREIX GED 7 —
Z DI D KARTERE & & 8 L 7= AT 4% F(Table 1 @ GED D)L W K& < 7po T3,
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Table 1 Structural parameters of 2,5-dimethylfuran.”

GED”  GED+MW” QC?

#O1-C2) 1.368(2)  1.357(10)  1.362
#(C2-C4) 1.366 1.378(12)  1.360
#(C2-C6) 1.482(5) 1.482(6)  1.476
#(C4-HS) 1.105(5) 1.103(5)  1.074
#(C6-H10) 1.116 1.114 1.086
#(C6-H11) 1.119 1.117 1.088

Z01-C2-C4 109.1(7) 109.3(7) 109.4
Z£01-C2-C6 117.2(4) 118.0(8) 116.8
£ C2-C6-H10 106.8(14) 107.5(12) 109.3
£ C2-C6-H11 108.6 109.3 111.2
a)r/k, Z/° ():1c. b) This work.
¢) MP2(full)/aug-cc-pVTZ calculation.

Errors in parentheses are 3c.

[ k]
[1] H, &, &G, WL il s, BRSPS R T RRLE 74(1), 469 (1998).
[2] N. Kuze et al., in preparation
[3] V. Van et al., J, Mol, Spectrosc., 343 (2018) 121-125



1P016

T3 =V03RABENOREFBE I 2 L—2a Y
PN
OFIIMER, &HHEFFH, K=k, WEHRE

Optimal control simulation of 3D alignment of alanine
oYuta Arakawa, Masataka Yoshida, Yukiyoshi Ohtsuki, Hirohiko Kono
Graduate School of Science, Tohoku Univ., Japan

[Abstract]

Laser-induced, three-dimensional (3D) alignment of asymmetric top molecules are
numerically studied through a case study of alanine, whose principal axis of inertia is slightly
tilted from that of the polarizability. The former axis characterizes the rotational motion, while
the latter characterizes the induced dipole interaction. We, thus, need to find a suitable
combination of pulses as well as their polarization vectors to effectively 3D-align the alanine
molecule. To answer this question, we adopt optimal control simulation to design the laser
pulse that best achieves the control objective. Our simulation predicts a multipulse
excitation scheme beyond the conventional double-pulse schemes to realize high degrees of
alignment. We will discuss the alignment control mechanisms by examining the temporal
structures of the optimal laser pulses.

[FF] 5t CEUAICERE AT 9 72DIIE, 20+ & R € O 22/ 8 &R 2kt LT
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Fig.1 L-alanine
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nSE0-[H050]  #EAEE S0)-W O
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[2% 3]
[1] Y. Ohtsuki, M. Yoshida, and Y. Arakawa, Progress in
Ultrafast Intense Laser Science (PUILS) in press.

[2] K. F. Lee et al., Phys. Rev. Lett. 97, 173001 (2006).

[3] H. Abe and Y. Ohtsuki, Phys. Rev. A 83, 053410 (2011). 0 0.5 1.0 1.5 2.0
t (units of 7))

Fig.2 Results of optimal control
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Rescattering photoelectron spectroscopy of heterodiatomic NO and CO
molecules with an analytical returning photoelectron wave packet
Yuta Ito!, oMisaki Okunishi', Toru Morishita?, Oleg I. Tolstikhin® and Kiyoshi Ueda'

T IMRAM, Tohoku University, Japan
2 Institute for Advanced Science, The University of Electro-Communications, Japan
3 Moscow Institute of Physics and Technology, Russia

[Abstract] Angle-resolved photoelectron momentum distributions of rescattering electron
generated by intense infrared laser pulses were measured for NO and CO molecules. It is
shown that the measured distributions along the outermost backward rescattering caustic are
well reproduced by calculations based on a newly developed factorization formula with the
analytical returning photoelectron wave packet. The good agreement between the
experimental and theoretical results confirms the validity of the theory for molecular targets.
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[1] T. Morishita, A.-T. Le, Z. Chen, and C. D.
Lin, Phys. Rev. Lett. 100, 013903 (2008).

[2] T. Morishita and O. I. Tolstikhin, Phys.
Rev. A 96, 053416 (2017).

[3]Y. Ito et al, Phys. Rev. A 97, 053411 (2018).

- circular
caustic

k_ (a.u.)
Fig.1 Experimental electron momentum distribution for
CO molecules at 1650 nm on a logarithmic scale. The red
line shows the outermost caustic determined by the
effective peak field intensity 0.06 a.u. and the white dotted

line shows the circular approximation to the caustic.
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Fig.2 Experimental and theoretical electron momentum
distribution for CO molecules at 1650 nm along the
outermost caustic as a function of rescattering angle (8).
The blue line is the calculation based on the new
factorization formula and the dashed line is that

calculated by the circular approximation.
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Chemical Reactivity of Higher Excited States in the Cycloreversion
Reaction of 6z-Electron Systems : Effects of Structural Relaxation and
Symmetry

oTatsuhiro Nagasaka!, Hikaru Sotome!, Tsuyoshi Kawai?, Yasushi Yokoyama?,
Hiroshi Miyasaka®
! Graduate School of Engineering Science, Osaka University, Japan
2 Graduate School of Science and Technology, Nara Institute of Science and Technology,
Japan
% Graduate School of Engineering, Yokohama National University, Japan

Abstract Diarylethene derivatives undergo effective ring-opening (cycloreversion)
reaction in higher excited states attained by stepwise two-photon absorption, compared with
that by the one-photon reaction. Two low-lying excited states are a key intermediate state in
this reaction enhancement. Our recent investigation has revealed that the excitation of the 2A
state leads to the reaction enhancement, while the excitation of the Franck-Condon 1B state
does not result in the efficient cycloreversion reaction. This specific behavior of diarylethene
derivatives can be explained by the symmetry of the wave function and molecular geometry
in the intermediate state. In order to elucidate the generality of these factors in other
on-electron systems, we have investigated the two-photon cycloreversion reactions of
dithiazolylarylene and fulgide derivatives with rigid and asymmetrical structure.
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Figure 1. Photochromlc reactions of (a) F and (b) DTA.
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Theoretical study for ligand design of the CO: reduction

Ru complex catalysts.
oRena Teramoto, Moe Tominaga, Shogo Aoki, lori Era, Hayato Tada,
Yasutaka Kitagawa, Masayoshi Nakano

Department of Materials Engineering Science, Osaka University, Japan

[ Abstract] New catalysts that reduce carbon dioxide have been investigated with great
interest to find new energy sources. Recently, it was reported that two-electron reductant of
[Ru(bpy)2(pbn)]*>* changes carbon dioxide into formic acid anion. It was also reported that two-
electron reductant of [Ru(bpy)2(bpp)]*" changes oxygen into hydrogen peroxide. In addition,
these two-electron reductant complexes were found to return to the original [Ru(bpy)2(pbn)]**
or [Ru(bpy)2(bpp)]**. In this study, in order to clarify the reaction mechanism of these catalytic
cycles, we investigate the electronic structures of these complexes and their two-electron
reductants by density functional theory (DFT) calculations. The results indicated that the
LUMO of complex 2 is unstable compared to complex 1 because 2 involves more “nodes” in
its LUMO than that of 1. In addition, we also found some differences in the relative energies
and spatial distributions of frontier orbitals between complexes 1 and 2, which contribute to the
differences in their reactivities. On the basis of these results, we present a ligand design-
guideline to realize an efficient catalyst.
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Effect of the Alkyl-Chain Length on the Relaxation Process from the
Electronic Excited State of Nitroaniline Related Compounds
in Ionic Liquids
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1 Department of Applied Chemistry, Graduate School of Science and Engineering,
Doshisha University, Japan
2 Department of Molecular Chemistry and Biochemistry, Faculty of Science and Engineering,
Doshisha University, Japan

[ Abstract ] Photo-excitation dynamics of  p-nitroaniline  (pNA)  and
N,N-dimethyl-p-nitroaniline (DMpNA) have been studied in imidazolium-cation based and
phosphonium-cation based ionic liquids by transient absorption spectroscopy. Both the
internal conversion rate from the excited state and the vibrational energy relaxation rate of
pNA became slower with increasing the #C, where #C is the number of carbon in the
alkyl-chain of cations. On the other hand, both rates of DMpNA showed little dependence
with an increase in #C more than 15, while they became slower with increasing the
alkyl-chain length up to #C = 15.
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Fig. 2. Typical time profiles of transient
absorption of pNA in [Pgsss][NTT,].
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Fig. 3. #C dependence of the back-electron
transfer time constant.
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Fig. 4. #C dependence of the vibrational energy
relaxation time in the ground state
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