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Relativistic geodesy by frequency comparison of optical lattice clocks
(Fukuoka Univ.) Noriaki Ohmae

State-of-the-art optical atomic clocks with an uncertainty of 107'® allow measuring
height differences of a centimeter on the Earth via the gravitational redshift. We
demonstrated 18-digit-precision clock comparison experiments between remote labs at
RIKEN and The University of Tokyo [1], and between the observatory floor and ground
floor in the Tokyo SKYTREE [2, 3] by connecting two clocks with the optical fiber link

Our experiments show optical clocks resolving centimeters are technically ready for
geodetic applications
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The study of frans-stilbene S1<—So transition by using High-Resolution Laser
Spectroscopy with molecular beam
(Kobe Univ.2,Conflex co.? ) Akira Shimizu?, Shunji Kasahara?
Masaaki Baba?, Naofumi Nakayama®

[ Abstract] High-resolution fluorescence excitation spectra of the 0,° band and several
vibronic bands in the S1<—S; transition of frans-stilbene have been observed by crossing a
single mode UV laser beam perpendicular to a molecular beam. Rotational constants in both
Si1 and S, states, rotational temperature, and line width were obtained by comparing the
observed and calculated spectrum. From observed rotational constants of the 0,° band, we
found the structure of trans-stilbene is nonplanar in the So state and estimated its twisting
angles to be 9 degrees in the Sy state. According to theoretical calculation using wB97XD
functional, nonplanar structure was suggested both in the S1 and S, states. Additionally, we
are analyzing the vibrational bands such as 0¢° + 395 cm™ and 0,° + 788 cm™ bands.
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Large amplitude motions of acetaldehyde studied by high-resolution laser
spectroscopy (Graduate School of Science, Kobe Univ.2 , MPRC, Kobe Univ.P )
Rin Taniguchi® , Kosuke Nakajima? , Akira Shimizu? , Shunji Kasahara® , Masaaki Baba®

[Abstract] Acetaldehyde is one of a prototype molecule which has large amplitude
motions. Large amplitude motion is known to complicate the rotational structure by
interacting with the overall rotation of the molecule. In the So ground state, the energy
level structure were understood by considering the methyl torsional motion (v1s mode).
On the other hand, in the S+ state, it is necessary to consider to the aldehyde-hydrogen
inversion motion (vi4 mode) in addition to the methyl torsion. In this work, we observed
rotationally-resolved high-resolution fluorescence excitation spectra of the S. Sy
transition of acetaldehyde. As a result, the rotational structure was assigned, and the
rotational constants of 14%915% and 14%015% band were obtained. In the observed
spectra, line splitting and broadening were found in some rotational lines, indicating
the presence of local perturbations.
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Fig.3. High-resolution spectrum of 14%15% band
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Infrared spectroscopy of phenol-cyclohexane clusters:
Effects of cyclohexane on hydrogen bond
(Kitasato Univ.) Yuki Takahira, Haruki Ishikawa

A large number of infrared spectroscopic studies have been carried out to reveal the
microscopic nature of hydrogen bond. Phenol (PhOH) has been studied as a proton donor in
many systems. In the present study, we have performed infrared spectroscopy of phenol-
cyclohexane clusters. It is expected that cyclohexane would not affect on the hydrogen bond
of phenol, since it has no proton accepting part such as non-bonding nor p orbital. However,
we have found small but definitive redshifts in the wavenumbers of the OH stretching bands.
In the case of the phenol-cyclohexane 1:2 cluster, we have found that one of the cyclohexane
molecules plays a proton acceptor role in the cluster.
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_ Wavenumber / cm?
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2 524 Fig. 1 PhOH/c-CeH12 RD BRI RARY kL

—®D0-0/\> FDIERE

AN/ > K a, ¢ (X, PhOH-Ar ¥-CH, A&
FERIZEWNT30-60cm'DIEE#L 7 L&
T EESEIZLT, PhOH B84 E & U PhOH-
H.0 111 9 SR A —IZZENZEN c-CeHi BFEE L
T: PhOH-c-CgH12, PhOH-H>O-c-CeH12 tﬁ?gb
fzo Fig.2I2CNBEDI SR A—DFHARY
ILETRLE, HBROT-6IZ PhOH BEE{X, PhOH-
H.O DRARY FILERLTULYS, PhOH-c-CeH12
TI& PhOH B E{AD OH H#EIREI/\Y RIZ< 5
RC, 7Tecm"DIERBS 7 ARGz, 2D
ZREAr P CHiDIZEKY MG YKELNZ &
AhHhmb, PhOH-H.O-c-CsH12 ¥ 5 X2 —TIE,

¥tht9 5 PhOH-H,O D+ DIZEEART, PhOH @
OH i T 26 cm™, H.O D5t Fif#E T 12 cm™
DIEKEE S 7 FHRR 5=, Fig. 3 IZIX DFT &
THonf-mx#EILEEZ < LTz, PhOH-c-CeH1z,
PhOH-H,O-c-CeH1z TlEF R EINTF-LK S IT ¢

PhOH monom

PhOH-H20

er | , l
a: PhOH-c-CgH12

b: PhOH-(c-CeH12)2

o,

c: PhOH-H20-¢-CsH 12

obs.

H calc.
s.
c.

\w

CeHi2 [ PNOH OE LICE - =& Lo,
NoDBENLFEIN S OHEfE/ N\ k3 Fig.
212HHETRLES, RAZRCBERLTWLS,

NR b #270—TJICAVWTHEASEZERIEL
f=& T3, Fig. 212 RLE=& 312, 28cm' DIEKE T 7 FAEBAISh
f=o H20 % CH3OH 74 EDcBIKFRIEEITHARD ENESHL T FTIE
HoaN, AELGSCIFTHY KFREZLTWEHEEZLZ D, 1D
OH fBiEREN/ N> FEBIEICIENY FARONGMN o1z, HO G &
FEATWEWEEZ, PhOH & c-CsHo MW bHEREINE I TR E—
THALLEVI FEBETEZOBEEZRER L, TOMR, Fig.3cI
R L7z PhOH-c-CeHiz 1:2 ¥ 5 X2 —H 23 ecm™ & RAIRF D KKK
VI LEBRT AL o, COBETIX 111 L EERIC PhOH
DOELEIZ1 DBED c-CeHi NFEY, 2 DED c-CeHi2 [& PhOH @ OH
EOXICHELTHY, 7O FUZRALLTEBLTVSEEZLN
%, BEMETEZEREDIEL c-CH A KRIERICEEEZEZLHT L
(FEFEICEKRES, REDHEEEROFHEZRETL TS,

[1] Ishiuchi, et al. J. Chem. Phys. 127, 114307 (2007).

[2] Miyazaki, et al. Phys. Chem. Chem. Phys. 16, 110 (2014).
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Infrared spectroscopy of phenol-cyclohexane clusters:
Analysis of the interaction based on quantum chemical calculation
(Kitasato Univ.) Yuki Takahira, Haruki Ishikawa

To analyze the interaction between phenol and cyclohexane in the phenol-cyclohexane
clusters, we have performed quantum chemical calculations. The optimized cluster structures
obtained well reproduced the OH stretching vibration wavenumbers observed in our study. In
addition to the structural optimization and vibrational analysis, natural bond orbital analysis
was carried out to examine the charge-transfer type interaction between the proton-donor and
acceptor in the cluster. Detailed results are presented in the paper.

(Fif)] EELGHFREEEERD 1 DTHAIKEZHEOMENEEERASH,IZT S=0HIZ,
NFETHELADODIHEKREE YV FRFI—ERRE LEFRNADIIEABRLIHZ ITONTET,
OH fH#EIREI/NNY FOERHM D 7 MIKREEDEIZRMLTEY, BETIEEFLEE
HICBT5B8REE8E (NBO) @ETICLHBIANRCALLNTILIS[1], NBO T Tl
DFHNEFDETRHEBEERD 2 RBEIRILT—HIELND, KEXEAETEHE, 7
ArUZBRBOSFHEND OH EDOFRERNE~NDERBE L KREBOFENET -0
OH BiEIRENI/ Ny FIMERB S T b3 5 LEREINTNS, Z2<DRT, EEH T LE2R
HEIRILX—OMICRVVEEAH D EAHRESN TS, CAET, 7O 2RO
FEHEREE NPECZERELLED nBMELN SDERTRHHREEANMRGTIA TS  HA
X, 72/ —I-YBAAEXH> (PhOH-(c-CeHi2)n) U TR Z—IZHEWNT, BULVENLEHKFE
HKEEOMEEERANMINTWSZEZRELE2, COT7z/—iLEdyanTHUDRIC
B<HEEERICONT, EFEPHEICE DV R ZT2E-OTINERET 5,

[EFIEFEE] PhOH-(c-CeHi2)n ¥ 5 R 2 —DiE:&E B L > NBO f##I&, Gaussian 16 7

AT LERVWCHENBEIER (DFT) HEICLYIToz, RERICIESBMREEROH
IE%& AT M05-2X 4> Cam-B3LYP(D3BJ) %, EEEMICIZ 6-311++G(d,p)ZALV=, [FIFF
CHERIAFEONTIZDT, ZITHIREBBOBRHENRL M05-2X DFERERRDS, KFKEE
BEDKGFEEEARSE=OIZ, PhOH LD KFREE ISR E—ICDONWTHEIEZEITo 1=,
[#ZR]) EBRERICOVTIE, EZICHARZDEFELARERLTWLVSNDT, Table1 (2 S4-So B
BOOONYFHEEUOH @i/ Ny FOEREHL I b, #HEIRILX—ZFFLNHT,

Table 1 PhOH/ c-CeHp 527 7 A X —D o3 WiES & DFT st RIC L 26 =3/ ¥ — (em™ HAL)

cluster Vo—o (AVp_g) * Pon (AVop) 2 fEAT KL —2
PhOH-c-C¢Hi2 36320 (—29) 3649 (-7)° 727
PhOH-(c-CsHi2)> 36226 (—123) 3628 (—28)° 858
PhOH-H,0-c-C6H12 35950 (-46) 3732 (—12)¢, 3496 (-26)° 1134

a: V7 b, AT FRLX—IZ 2V TIL PhOH-(c-CéHiz)n (n =1, 2) (X PhOH H &K%,
PhOH-H20-¢-C¢H12 X PhOH-H,0 % FEHEIC L7,
b: PhOH @ OH iR Hh, c: HoO i OH ez Eh
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a: PhOH-c-CeH12 b: PhOH-(c-CeH12)2  ¢: PhOH-H20-c-CsH12

- &xfk )i%f
’if;if 1‘* ,ﬁf,ﬁod

Fig. 1 PhOH/ c-CeH12 527 T A ¥ — D I & E 1

Fig. 1 [Z[X DFT HETE/ONH SR E—DBRE LT L1z, PhOH-c-CeHr 1:1 4 5 2 42 —
TIE, PhOH O OH f#fEiRE /N> FAY 7Tem ' DIEFEEH T 7 bERLT-, COfEIX, HEHEE
YEFET PhOH DB L (ZF > =T THEA L TL % PhOH-Ar[3]% -CHs[4] D 12cm” DT k
[CHARZENGY REWV, BLEROHEEERZHEZE LA, 7/ —/)LO OH RIEEHEE
~DEFRBBEBEERERD oG o7, PhOH-Ar £ -CH, TIX Ar® CH4 ARV E Y
BROFPDMHEICRE L TLAD, c-CeHix TIX OH ED O [FFITH IS LS ITHEL TS
=8, O RFDERAMICHEELEZ, TORRBEEHL I MK ELLGHZEDEEZDL
%, PhOH-H,0-c-CsH1 ¥ TR A —THLRBKDFTER TH -1, #EZR S5 L PhOH-H0
TIEHO D O EFM PhOH DERNIZHADIZx L, PhOH-H0-c-CsH12 7 5 X2 —TI, c-
CeHiz BIIZALEIoELNBHICHE > TLNS, §EIFAHAER LTz PhOH-(c-CeH1z). TIL,
PhOH-c-CeH1, M#EEIZI A PhOH @ OH E D% c-CeHi, NEELEEEZEH>THY, ¢
CeHiz M7 FURERE L THLTWSATEEMAEEN S REIN D, IR7E NBO @i
HEHTEY, FEETIE PhOH-(c-CeH12)2 (2115 PhOH & ¢-CeHi, DREIDFEEAERIZDULNT
ERT D,

(5% 3#iK])

1] Reed, et al. Chem Rev. 88, 899 (1988)

2] &, A 523 A e RS (2023).

3] Ishiuchi, et al. J. Chem. Phys. 127, 114307 (2007).

4] Miyazaki, et al. Phys. Chem. Chem. Phys. 16, 110 (2014).
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Study of diffusion behavior of synthetic polymers in aqueous solution by using
fluorescence correlation spectroscopy.
(Faculty of Fukuoka university 2 Graduate School of Science Fukuoka university ®)
Hironori Ishihara ® Yusuke Sanada # Reika Ikemoto ® Yukiteru Katsumoto 2

This study describes the application of Fluorescence Correlation Spectroscopy (FCS) for
the diffusion behavior of synthetic polymers in aqueous solution. Monitoring the
fluorescence signal fluctuations, it is possible to obtain diffusion dynamics in
molecular crowding solution previously unobservable by Dynamic Light Scattering.

To understand the dynamics in molecular crowding solution ,we have focused on the
characteristic phase behaviors of poly(N-isopropylacrylamide) (PNiPAm) in water.

(FiR)] BRPDILRBEHZRANDIFEL LT, XFHESKE (PCS) D 1ETHLHIEHN
BELiE (DLS) M—MREITH D, LA LAEHAS,DLS [EREFLHRFIZEHEABENEAIND
=&, KEIFMNREL TWLWAGE, MIFORELZHRT L EHNRETH D, F/-, 2TOD
HELAENSDESZHRET 50, BELEZKETORAENRELI NS, V59T 14 2T
BRERNBERE VS ERLERTOIAFT IV REEREICTIBET SICIETRAETH -
T2 T TINLDRTODERBRFDIAFT IV REMB-HICHIMBE S & (FCS) TD
gAEITo 1=,

[5=E&] Methacryloxyethyl thiocarbamoyl Rhodamine B (RhB) Z®|IMiEHE/ v —& L,
PNiPAm #&mLT=c £/ ¥—¢& RhB DEAAEEIX 1000:1 & L, RAFT ESZ AL TEHILIES
=7 F&LT PNiPAm—coRhB) 2/ -, BEDEREREIL, EBEFHOD PNiPAn &
P(NiPAm-co-RhB) & ZBE L TIT o1z, FCS (FBMEDHERNAERIC, ¥4/ 04 v I 25—,
IO RNRRTANBERHRAR, T+ AT T 4 0 TFD 2—)L(GER M, H10682-110) H
SNEE %, JtF+ERAS8 (correlator. com, FLEX02-12D/C) IZBA L T1T4>1=.S/N 2 EIF3
fzBIZ2 DDED 21— bDEFTOHEAEMEBEZR>TWLS,

[$#FER&EZZ] Fig. 1 (2, PNiPAm (m=52%) @ 0.1 wth/KaZZRBELI=E =D, FCS EEDR
EikEFHEZRYT, Gon-BCHEBEBO 71 v T4 U JICEUTORXEALV =,

1/2 1/2
GE)=1+ <11v>{f (1+t/11) (1+(1/z)2t/r1) A= (1+1/r2) (1+(1/i)2f/fz) } W)

SIT, nBRADEMEA THY s FREMEROMKEF TH B, 22 TTIE | OB
BATIT4 v T4 TE PNiPAn BEAFHELTHFELTWS S EAA DTz, F
£2,26 C& 31 CTE 2 DOB/AMHTI 4 v T4 2T T RENDY, EHFHERAH
D2OOREAHEFEL TSI EZRELTLS,

1

-

G(y)-1

%05 10% 109 107 107 10°
t/s

=0

. .
o® 10* 10° 10?7 107 10°
t/s
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Six-dimensional model analysis and UV spectroscopy
of the benzene-methane vdW complex
(Tokyo Institute of Technology) Toru Sasaki, Masaaki Nakamura, Yasuhiro Ohshima

A 6-dimensional intermolecular potential energy surface (IPS) of benzene-methane was
investigated by coupled-stretch-bend-internal-rotation (CSBI) model analysis and stimulated
emission pumping (SEP) spectroscopy. Observed 6 intermolecular bands were assigned
within 8 cm™ from the simulation and the characteristics of the model potential energy surface
were interpreted as typical molecular motions. The consistency with experiments suggests the
applicability of the present model to various systems. We also developed a calculator software
to support easy access to the model calculation applied to other molecular systems.

(FFim)

FERETEFERRGNFLEOBMOAL FRIMEERIIRTILE, AHILE, £ib2HES
COEFBIZBVWTEELREZR-LTVWS. FO—AT, EFBZSUHFHIKICENT
X, FERAFOREVRELGHFEECERT 2RE#EMENS, DFERT v ILIPS)D
EEMNLBEEIIRONATNEONRKTH B[]

AHETIE, CDESLEHRDIPS DREZEMNE LTEREEROBMERASDT TO—F
Az, TORODORUFI—9 ELT, ®dHHENEL, HhOEBHENREKXEL 6 BHH
DRTHINE Y — AR UNFEEKITEA LTz, SEP ARICK > TEFERERED S FMH
IREI/NY REEBBIL, FHREBRTHD CSBl ETILR|I&L2BMEITo-. SEDOHKEIZH
(T5EBLEBROEBEMIE, FERAV/FEZSOTOMOAFRAD CSBl ETILAERAAIEE
ThHdHIEETRELTINS.

[EERFE]

RUE— A URFEERIEIAZ2 OOAERIERIZKEE L T meta, para, ortho @ 3 DD% R
ECEMERZEZELTLS. £9, S16'EFHEREOERADRBZHALMNZT H=6HIZK
—IN—Z T RhEFTol. TO—TRELTH/ HEBERL—F—0D2EREDFHEAED
S1-So 60 EREEICEELz. 331 80BRL—F—DODHEAZE/N—2HELT S-S 60
BEEUTRERSIL, 7O—JRIZKBRPPIEBZE=ZSA—FT B EIZEY, AR ML
/1. SILWTSEP A TIE, EMARDBEOKRELR-TRIERE S FEHAD S1-So 60' &
BEEICERETEL, 35 180BFRL—Y—DHN%E Sob RE~DE L TOREIELE R
AR E LTCRIFICEIG L. O TREEZ®SILAENS R2PI EB%E=-424—95C
Li2kY, BHAEDEE LTz SEP RRY MLEHT-.

[#5R (£58) ]

FERREZEILSEDH LT, RREVEMRRKRILIZHBLIZARY MLEHFT=(Fig. 1).
meta, para, ortho BHEKIZDWTEFNEN 2, 1,3 K, BEt6 AD/NY KARBI S, EE
HRREERUPAZLEERTDHILIZEST, WFhOBRREVERKIZIH L THLZYULTIRE
5EZBHENTES.
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CSBI ETIIZELBFAEBRS—HMLTWANY F1HEH—AT, FTAMSDTAALLEM
RKEVWHLDELHY, HIZ59em DAY RTETNIEZ8em ' [5:ET SH. ZDIF K, ab initio
HENSB LN IPS DBENT+HLTHEWI EICERT S EEZLONDS. 5%, RTUVF
WIS A= DN D ERBELTINER/IMETIEELXTL, RABERZBHT DS

IPS ZREY 5.
o 4 50
38640 SEP spectra

60 70
:
38620_Vdeand 2 T
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386004 yqW band e 7
(ortho) ]
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Fig. 1. Predicted and observed SEP spectra of the benzene-methane, with excitation at various
positions (A~E) in the 60" band and the vdW bands. The predicted spectrum is composed of those of
the meta (red), ortho (blue) and para (green) spin isomers.

(#ER () ]

A—H—TJ L2 R)—KF—TY—2X
CSBIFtEY 7 bz 7ORFEZEITo=[3]. C
DYIT 7L, RVEV-—A20%F(FL
HELTHRRLGERMEZFDORICEATEET
H5. ERICEFERHELGEZFALTKR
TUUXIINTGA—RERDONIE, LW <DOHh
DRFINTA—BFEEDODETANTSHILT
IRILX—EMERDDIENTES. +—
ToY—RIZ&k 2T, #HINFEEFEDF%
BRGNP FHRAOS FRIREKELZHE
TEHIEMNAREE o T
[(&&XAK]

» weter Results

Molecular Parameter

Small molecule
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Symmetry of Small Molecule
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20 Hi:D,y o@®YNH;: G,
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molecule * ‘; ‘f ’

Fig 2. GUI of calculator software
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[1] Ad van der Avoird et al., Chem. Rev., 94, 1931-1974 (1994).

[2] B2 K, SR KEEHB F 2RI FIAHRSR,

[3] https://github.com/sasakitaz/CSBI-calculator

BRIR, L09(2022)


https://github.com/sasakitaz/CSBI-calculator

LO7

KM =/ —VhFFOFNFEKRRESHELL
CLEXRBEE °, LEXE®) OFKFH - FHLE " - KHEK® - BIIEH"

Infrared-induced changes in the microscopic hydrogen-bonded structures of hydrated
phenol cations
(Kitasato Univ.) Masatoshi Moto, Yu Sakaue, Kenta Mizuse, Haruki Ishikawa

To investigate the dynamical behavior of the microscopic hydrogen-bonded structures, we
have observed the infrared (IR)-induced isomerizations of the hydrated phenol cations,
[PhOH(H20)e], in the cold ion trap. The occurrence of the isomerization was identified as a
change in the ultraviolet photodissociation (UVPD) spectra with IR excitation. In our
experimental condition, three isomers exist: isomers with a double-ring (DR) type, double-ring
with tail (DR+T) type, and ring with tail (RT) type hydrogen-bonded structures. Our
time-resolved IR pump-UV probe spectroscopy revealed that some of the IR-excited DR-type
isomers promptly isomerize to the chain (C)-type structure. Basically, the C-type isomers
generated are converted back to the DR-type isomer by the collision with the cold buffer gas
in the trap, while a small fraction isomerizes to the DR+T- and RT-type structures. Due to the
nature of the transition states, the isomerization rates are estimated to be different in order.
Details of the theoretically found isomerization paths are presented in the paper.

[FF] KEHESIEZELSFEBEERED 1 DTHY, FEHERy FI—0EEZTHT S
ZENMBNTWNS. MBHWKERERY I —ODHEZHELNZT S8, HAIXEE
AZEA AV SV TIHIRLE7 2/ —IVAFA UEESUKEREE I SR I —DEN IR
(UVPD)R S Z1TLY, EMABERNSMOEREKRFEEZHLNICLTERL-3]. BHE, ELEZ
T/ —IL-)K1:6 95RE—AFA> (PhOH(H0)]") ZRZITHEZEEDHTLS[2,3]. Fig.
1A F RSy TDREN 20K & 40 K DEHETHRIFE LTz UVPD ARY FILETRT. 20K
[Z2HULTH 0-0 /3> REEEIC 3 DD/ FABRNTH
Y, D ELIDDBREBKEHABEELOREM DR
HAEHET % - ENTB SN, BEOAFRET, ORT
B OH BBREEEEOFARIDRIZEY, ERS AR
IS ZENEN Fig. 2 ITRT & S HERDR)E, HIR
+EEDR+TE, BHHERNEEELRESINS L E
WMEL. SHITTALD/N\NY FOBEXAREMN 20 K o
M5 40 K ETOOITMEEEEZLTERELEILT 50 AN L AR ALY BOALAASAN N
5DIE, RERHIEFS Y ITINEIA-HDEEELT-. Wavenumber / cm-’!
HEEDPhOH(H0) ' DIEELEIL FBH S MNIZT B8  measured at 20 K and 40 K.

12, BEaEENSIE, BRHE

i 9AD DR+T Y, RT @9 AR
h\bﬁﬁtj.%'fTOf: /"\_-J’,\I) q_)‘ I 1.‘:, c
) DR M)?OA” .5 ROAS)J 313') e 3«1)
[528% - BH] SRGEEALA S s o o St ] O 1%
SR—LAA Y RSy ToskslE Y D, vtedw 9% Y Y
_ & I® . 2
B\ TIT o 1=. [PhOH(H0)6]* (B E 7 e ik M

BTy REEL—HY—AF ik Fig. 2 Typical structures of [PhOH(H,O)s]".
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FHALTERL, VEBRONEBESEANF[ICIYBNLEZISRAEI—AF 2%, BEAE
INEWBA AV Sy TIZEA, #HIELz. FSYTRTNAY I 7—HRAIEIZEYAF
DEBEZHMELE. ZTORLENAALEZRBHL, ZBREOREBEE SR CHIEERDYD
([PhOH(H0)]") #H®H LT-. BEERYDOAF v EZE_2—LENLEN L ZERIFSI
L UVPD ZRY MILERT-. FOAFREEMIEEZODEROAINBIEIL, K5 BERIICHINN
ZEEL, BEBBZSOTRELE UVPD ARY FMLOFNMEROEEIZLZELENSE
BlETo1=[4]. FOUBEERIE FHM-LNR-UV)ZELBAKEIZED IRARY MLES
EL, REL-. AMETIE, DREEMRAKICEBL, ThLUNDERKDFTEZ(T51=8
2, PSSy TDEEZ DREEMANMNBEZHHS 40 KIZEEL THHRADAEEZToT-
[PhOH(H.0)e]' D BT R EE & (X Gaussian 16 TR T 5 L%

LY ToB97X-D/6-311++G(d,p) L N JL T D % FE N A IR iR D
AREICK YRS, BECEBRRRICEGRRM TRT S L%
BN -, AAD

[#3F - Z%] Fig. 3 IZ DR #E %A B OH HiEIRENE |
HOIRARY MLETY. RIOVFERMECOERAIZ, 3718

cm™! @ single-acceptor single-donor (AD) site 0 OH {B#&#E 3600 3650 3700 3750 3800
B/ RISHFARMERE LTI o 1. Fig. 4 [A5R51ERSTES Wavenumber / om
Mo IERHFEFFD UVPD ARY FILDEAARY bLZEIRF L Fig 3 IR spectrum OfthGPR type
WV A DBERMEER TAE LIBRTHS. A b gD B ik
ILHTLRAZEAFRNBHICKZESOEM TrRIEHAFED

%19, At=1ps TIEDREAKRECHDL, Fig. 2 ITRT R
&5 HBOC)HEENF = ICERT 5T ENRH SN At PR e ©
=58 =Y M >R TER L1 CRAED Lk, At = Ameﬁw}

50 us 1% % & DREDEIEIHERTES. At =100 us T S
[F C BLEL L, DR+T B RT BAQEMIHIE T Nﬂm@ﬂ#fi
W3 CThoDZEkFEAt =3 ms THLEDZENADH 1= o
CO#ERIE, CEA D DR BANDAHBIET DR+T B4 RT e ot
ROEERG LSy TARETNECEERLTNS, B |MF0 R
HALISH T 2 MM KRREWEDEILERALNZT 12 L
iz, BECKBERETL, Boh-EREOEBKE At=10ps /0
DHBECONTHMAERET 1. DR REMHKNS C S
BEMKICE HRB L DR+T  RT HEMKAE BRBIC e

t=5
ST, BELOBNORT v FITHT S RRMERIZE |
BPRERETHERMEL o01-E 25, C RRMEERDS P
MIHRECREL SN, ERER L RURBHARS ML at=2ps 1%

Increase
'

BETEHEHEORSE— MREEICOVWTELRREFE Lo

THD. a=tps \iff L
(N Decrease

(&5 >wk]

[1] H. Ishikawa, et al., J. Phys. Chem. Lett. 8, 2541 (2017). 25200 25300 25 ;66'_1' T 5500
2] A5, F22E FFHAHESR, L04 (2022). Wavenumber / cm

3] &, %176 DFRFEHRSE, 4A15(2023). Fig. 4 Difference spectra of

c
[4] BE D, %158 SFREHHRS, 3A142021). [PhOH(H-0)s]" measured at 40 K.
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Deuterium substitution effect on the microscopic hydrogen bonding structure of
hydrated phenol cations

(Kitasato Univ.) Yu Sakaue, Masatoshi Moto, Kenta Mizuse, Haruki Ishikawa

To understand the microscopic nature of the hydrogen-bonded networks, we have investigated
the deuteration effects on hydrated phenol cations, [PhOD(D;0)s]*, by ultraviolet
photodissociation (UVPD) spectroscopy under the temperature-controlled condition. In the
UVPD spectra, we assigned the 0-0 bands of three isomers with different hydrogen bonding
structures, ring with tail (RT), chain (C), and double ring (DR) types. The DR-type isomer was
observed only at low temperature, which was not observed in the case of the undeuterated
clusters. The RT-type isomer was the major species in the temperature range we observed. At
80 K, the C-type isomer begins to appear. The appearance temperature of the C-type isomer
was found to be higher than that of the undeuterated clusters. The effect of deuteration on the
temperature dependence of the relative population is discussed in the paper.

[FF] KZHESFIEELHFEMEEERD 1 D2THY, LERGOYMMEDRELR EHALIS
HACEELRRIZRL-LTNS. KEHBEDEED 1 DHEHLRY FT—UBEDHET
HY, BEBEICKY ZDEBENBZIZEILT S. ChFETRMEKINY 5 X2 —EFHIRRKI
BEDETILE LEZLDOXAENITONTE. BHSKMEEZEHEODELAB O
PO REREFEIMBHKIEE ISR TI2EARANTEEDNRTHS. TITHLAIE, BE
AILZAAY bS5y FITHIE LKA T =/ —ILAF A ([PhOH(H0).]*, LT HiKE &
A) EREELT, BEHEEET CERMALER (UVPD) RRJ MLZERIEL, ERAD
AN HAOBEREEEZESMAZILTER[1,2. CAETHO ERRIZLTUL A, KHE
TIIEKRERATHSH[PhOD(D0)]" (L FTDHELSR. ) 2R ETS. EXFEREZT
5S¢, BFA, DFHEORBEHNMETL, ROIVFILE—PIV rAE—IZEEEX5X
51z, BEKFEEISEVERENSEFEINS. SHICKNBEERRIZTO N OBEEHFES
BE, FURILDROEENBENOT L, EKREBRZTSE FORILGRIZHT IHEED
BEWLIRND LB EIND. FZTAMETIE, BEHIEEZHET T[PhOD(D20).* (n = 5, 6)
@D UVPD ARY FILOBIEFITLY, EMAEXSHOEREREEZHN, MBRMKNEED
BEKRFEICNT IEKRERDRZHAONCTEIILEEBMELT:.

(28 - BER] AEERTIE, WRETDHKMT =/ —ILHFF 2[PhOD(D0).]*(n=5,6)%#2
BRIy MEEL—Y—AFUILZZHAEDLETER L. MEBEEEFIZFHFTEIRL
EFEMDY SRAE—hFA U EREAENEBA A Sy FITEBALE. bS5y TICHIRE
SN SRE—HAFAUIE He Ny 77 —HABEEICKYBERIEINS. ZTDERESN
SEBE L, NEBERYTHSH[PhODDO) ZWREBEENR/EALTER, BRHL,
UVPD AR MILEZBIELT-. HIEDKN T T/ —ILAFAUIcHT 5EMREHEDRE
NBE%ER (DFT) AEOKEELND DADIRIILT—, RBBMEFE L. FEICITABESK
& LTwBI7X-D #RALY, HERBA$ICZ(F 6-311++G(d,p)Z AL \=. D EDHEHERZRHLTH
HAEMICRBEICHT AEMAHEREL o1

[#R - Z2R) HKEOHE L, ESETE I/ —IL-EK15 VS5SRAE—HFA U DERET
DMZEY. Fig. 112 KFETAIELE D AD 20 KA S 100 K IZF1+5 0-0 /N> FEEED
UVPD ARY bILERLT. HEBO=HICLURIAE Lz HAOFER[MBHETRLTWS.
F7-, Fig. 212, DFTSHETH o= KREEREDRERFZRLI=. LEIOME[M]ZEIZ,
FTRTDARY MLIZEIFE—FBRIVNY R, KERENBEEZTREL, SSIZHEKDKE
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EAEEZ L DE+E (RT) B#EED 0-0/8F
ERBELI-. F1=, DEMD 20 K & 50 KMDANR
2 FILIZIE, RT &8\ FOEREBIZIERE (255
WERSEHENY FEEBILIz. HEAD n=6 O
BESEIZLT, CONYFELUAETAIELS H
KD n=5TIRHEROhEGE,N-T-, EHDKZRES
NERZEFEDOHEIR (DR) BEED/NNV FEREL
f=. HAT RT D 0-0 /N> FOE:EEMAIIZ 80
KilY M5B Z/\ R, KEHEEHHIKRIZE
Ho-88(C)BEBEDNY RERBIATILAS.
DIATIEICEDM/NY FIZ100 K@Y M IENT
HY, HRKRICERZ EDERTIXCEBED/NY
FIZ, H10KSWEETENS Z LMo -,
DFY, HiAE D ATRHERHKOHEASNE
HA5ZENHMhoT-.

RICERTEICLIYFRALI-DALEHADE
HARDEX T HEZTNEN Fig, 3 (a), (b)ITRL
f=. STl KEHEOESHEIHIE CEMERK
DN RIETBEEEMNEL, UVPD RRY L
TIIRAITELGLNEEZ, DRE, CE, RT#
DR EIZEFEED=DHERLTLS. H K
Tl, EBETIXRT R, BENERTSLCH
MNENETNEBRLLEEINHTH-=H, D KT
(%, BIKEMEETIEIDRENES T, BENLR
45L DREAZRITH D LZNICFERE L TRT
BAMEML, 100 K HETIE RT #AESE LD
5. EHICEERICHDE CEN/EZEENSEE
BiTHhof=. CEMNEMLIASO HBEIX HIKIC
ERZEH1IOKEVAIZTATEY, EA0HE
BLBRBULRIGZET B ENbMoT-. =L, D
EDERDARY FLTIHERT DR BEM(K
NERTELELOD, TORMIIERITETT
Hanht=tDLYELGYDEM-T-. ThIT,
KRERICH T HAEBEETCORERMEIRICK D
LDOTHBEEZ NS, RIZD KTHH DR
BDAHMNEAIN-BHIZIOVWTERT S.
BEICKEL, ERBAIOKREE— FAVKET
BIVAIE— T rOE—DOZTILIZDKE
HATKELEDDOEMNST-. fIIZEZBND
ERELTEHEARIIRILT—DHITFO5NS.
FRRH T RILT—IZIEERED OH HiERS
1LHEE5T 50, EXFRERIZCLDIEELKE
LY. 20718, DK, HIXIZHE TS5 RTE &L DR
BNERRHIRILT—DEWNCEELNET,
HEDHmDEEREEDENDELCL-EHEHR/L
f=. EETIEN=6IZDOLVTHOHRLHERT S

(&3]

[11 H. Ishikawa et al. J. Phys. Chem. Lett 8, 2541 (2017).

2] &5, %17 AHFREHARS, 4A15(2023).

(a) [PhOD(D,0)s]*  (b) [PhOH(H,0)s]*

100 K 100 K
— 80K 80K
e
8
2
@ 50 K 50 K
L
£
20K 20K
‘ Trrryrpnrg
25200 25400 25200 25400 25600

Wavenumber / cm-"

Fig. 1 UVPD spectra of (a) [PhOD(D,0)s]* and
(b) [PhOH(H;0)5]" measured under the
temperature controlled condition.

RT * c

]

’J
v
ra é P |
3 }3‘ ’*'.,._', 2 2
Fig. 2 Typical hydrogen bonding structures of
[PhOD(D,0)s]" and [PhOH(H,0)s]".
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Fig. 3 Temperature dependences of relative
populations of (a) [PhOD(D20)s]* and (b)
[PhOH(H,0)s]" estimated by the theoretical
calculations.
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BRA A= VT RRBZERNET VI ZBRED S FRIEEN A
(RIX" EX") OR#KME - FERLE - EHS55"  KHEX " - KBEHR’

Observation of intermolecular vibration in argon dimers by wave-packet imaging
(Tokyo Tech.?, Kitasato Univ.”) Tomomi Murai®, Nanaho Yoshizawa®, Urara Sato®,
Kenta Mizuse®®, Yasuhiro Ohshima?

We applied wave-packet imaging spectroscopy, recently developed in our research group to
record time-domain rotational Raman spectra of non-polar molecular clusters, to the first
successful observation of ro-vibrational spectrum pertinent to the intermolecular mode. Here
rotational and ro-vibrational wave packets (WPs) were created in Ar, by impulsive stimulated
Raman excitation with an ultrashort pump pulse, and the resultant WP propagation was trucked
by Coulomb-explosion imaging. The delay-dependent angular distribution of the images was
Fourier-transformed to provide a frequency-domain spectrum with 300 MHz resolution. The
band for v =1 — 0 around 770 GHz was analyzed to give the vibrational energy interval as well
as the rotational constant for v = 1 with much improved precision.

[F] HLE, FLOWADFARLEELTERAA—DUITDREZEHREL, R FITRE—
DEERRY FILOBAIZRALTERLNA, COFEREIBE/ NILAKICEYERLEZDFD
KRR DBEREREZ, V—OVBRERAA—CUIEANTERIEL., DFEHOZERER
AOERE LTEHATI2IDTHD BRERKITA VNIV TSIUBREIZEDEDTHY.
pump XDFEHEBEIIHRET S LT, REDAHTHELLIREBLMET S5 LNARETH D
LHF SN D, EIE. AnITB VT, A 4 > OBRARD D HHHD FREIRE D IREIE < X
s L CERT HHFHNEBRBEINTLDE, LML, EFAHN~10 ps TRET 5=HIC. 5FMH
REBEFRERCRET DICEEL LM o1z, §E., RHRIC A, 6K E LEBANS, 2F
DEFNEDHEZELICEVWTHL D FRIRBICHET IERIPBENSI L EZREL. BT D
REEELR XY L% 300 MHz DR EEEETRIET 5 Z EITHRIILT=,

[EER] BEE Y MEICKVAERM LTz A I2x LT, ERELD Pump SFEHL., 1
DNV TSR VBRI Y EERE S FRREIZRIE L=, Pump REBSZEERMZ DT
T. ARAED Probe £EBHFH L TALDI—OVBEHREFEL. ERLIZATTISTAL LD
2RTEGRZEEA L=, BAEGN LI —OVERERICHITS Ar, D FEHOEME M5 fH
FEHL, Son-AESTORMZERIZ—) IZEHERT Z LTk > TRKEKEETD
ARY FILEFZ, AR FILOFES &K U fEREIL. Pump EOFEE LU Pump H &
Probe XDEEBHETHIREINS, SEIDOERERTIL., EEKREEZHITTREGENREL. 2F
MIREIZ h/\—F 5FEEMILT 5. BERREZ 160 fs Z|A T 0 ns H 5 3 ns £ THESI
L. Zf%8E 300 MHz, #1853 THz 2B\ L 1=,

[(BREEE] Fig. 112, BRISAIZArM AU D2 RTEEETT ., Ar, DY —RA UIEHIC
FYRBLIZ ArA AU, BABOLHTHRASN TS, Fig.1 DESZERAMICEE
TEHILTHESMZER L1z, Fig.2(a) IZ. AESHH LEL L2 FEDESIE(cos?6)
DEFFEZEIEZTRT ., Ar, DEEREHR (~290 ps) THEIIENKESELL TSI EAHERET
=%, COEIIEZILERLI-HD % Fig. 2(b) IZFRT, $91.4ps DEPTEL . /NS IRENT
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SEHDEBI ST,

Fig. 2 DECSIEDBREIZI—UIEBREFHELIZE A Fig3 DARY MILHAF LT,
70 GHz FTOMEE[(@)]IC A, D v =0 TOREEICHREXT HE—IM@RCBRAINDIELED
[Z. 770 GHz fHiE[(b)]IZ v = 1 - 0 ITX T HIREEIEEB BB SN, RE—V TLEND
FKICKBFERMES)ZLEICIFEL. RANZFEBHINL, v=1 L 0HEDERITRILF—ES
KU v=1I12B+REEHE. ThETh, 770.693(13) GHz, 1.5974(7) GHz LRE L 1=,
FICIREI T RIILF—Z(C DOV T, ETHAESKEY BBENA 1HUEAELTWLS, UED
BRIV, AESHORBMZELEISE A, DR FRIRSOE— FAS VD ERETHELOND C
LRSI,

(2, RBIEDREELICH FRIREDFERNEENSEHICDOVNTEE L, Pump
[CEYERT S Ar, DIREIEERKRY(r, 0,4, 0)I&. &S, BEEOEHRKE @), v;u®,$)

(ZDEEIRILF—Fw,w,ET D) OREFEELELTUTOLSICREENS, ZI T,
riE Ar RFRIDIEMH. 0,0 XTHBEERICE TSI SR 2—EHOAE. CIXERZRETH S,

|W(r,0,¢,t)) = 20 m Copm Yo (Y1 (6, P) exp[—i(wv + a)])t] (1)

9 —RVBHEIZHE LT axial recoil SEEIARKIT HE LTRULD T, BEEERDEIZEN
(1,6, )TH>I= A, M IXAEG, ) FRICERBEA A UABEEINDS, (ZOBORBKEEZ
VETB) HoT, RNDERIZHL TV —BUBEAA—DUTETSE. AESHIE
Y(r,6,p,)IcxtiEd 5EDEFELL. RFHEEH OMANIRBREVOAMICERINT &
St 2 REnmn. KB (0, + o) TRET IHEFIBRBSADILICHD, BETE. K
BOEEVAR (DFEYEGOBERAME) 2L 2RT7— ) IEBOBRIZONVTELERT 5,

(a) (b) 0.37 7]
) 0.40 036
; 035 0.354
(@)
v 030 0.34
020 0.33 —prrrprrrrpreerrem
00 05 10 15 20 25 3.0 90 100 110
Fig. 1. Angular distribution . .
of Ar* fragments with probe Delay time / ns Delay time/ ps
pulse only. Signals between Fig. 2. (a) Time evolution of the alignment parameter of
the 2 ellipses were analyzed. Ar,. (b) Expanded view around 100 ps in (a).
@ _ 1 (b) =
51 s 5]
o 7 o) 7]
& - 8-
2 2
2 S@) g -]
£ S6)  S(@) £

0 20 40 60 80 740 760 780 800 820
Frequency / GHz Frequency / GHz

Fig. 3. The Fourier transformed spectrum of the alignment parameter given in Fig. 1.
(a): Pure rotational transitions, (b): ro-vibrational transitions.

[B£3#k] [1] K. Mizuse et al., Phys. Chem. Chem. Phys., 24, 11014 (2022). [2] Y. Ohshima et al.,
Chem. Phys. Lett., 803, 139850 (2022). [3] &% 5, % 15 B FHRF RS , 4P007 (2021). [4] P. R.
Herman et al., J. Chem. Phys., 89, 4535 (1988). [5] S. Boyes, J. Chem. Phys. Lett., 221, 467 (1994).
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BB IR - T3 ESILEESUMIREZ AL V=300 GHzHEIZEBI1T5
CH,OHD S 1 V34 E & BB RB OB ZAIE
(BILEHEmR:, BREEKEF, ZHI KXY, Jet Propulsion Laboratory®)
O/l B - BH AP - B8 HE>°- EAN K522 - 8 BEFE - IRH L

Precise measurement of line intensities and frequencies of CH3OH in 300 GHz band
by using emission-type millimeter and submillimeter-wave spectrometer SUMIRE
(RIKEN?, UEC®, SITS, JPLY) Takahiro Oyama? Takeshi Sakai®, Yoshimasa Watanabe?<,
Akemi Tamanai?, Riouhei Nakatani*“, Nami Sakai®

[Abstract] Thanks to the recent development of the radio observation technique, the spectral
lines of various interstellar molecules can be observed with high sensitivity. As a result, a
huge number of molecular lines are detected including unidentified lines, it makes the
astronomical analysis more complex. Those lines could originate from minor isotopologues
and/or low-lying vibrational states of major interstellar molecules such as methanol (CH3OH).
However, the laboratory-based spectroscopic measurements and theoretical estimations of the
intensities as well as frequencies are insufficient for those molecules. To overcome this
problem, it is crucial to carry out accurate measurements of the line intensities and frequencies
for those molecules in laboratory. In this study, the line frequency and intensities of CH;OH
have been measured in the frequency from 294 GHz to 364 GHz, which corresponds to ALMA
Band 7, by newly installed cryogenic receiver on the SUMIRE (Spectrometer Using
superconductor MIxer REceiver: Watanabe et al. 2021, PASJ, 73, 372). As reported in the
previous measurement in 200 GHz band, there is a discrepancy between the measured and
calculated frequencies as J increased. Significant discrepancy in intensities is also found
between intensities measured by SUMIRE and those listed in the JPL database.

[F] ALMA (2R E S5 B LB O EITLE 5 Ei K STER O @R E L OfER,
W S JE R SR I L Z d W TRk & 2 B 0 OB S mRE 1Bl S b L 21t »
7. Thiz %@%Hkﬁ@®$mﬁﬁﬁ&méhéiﬁ ﬁ@ bt gt 2
L LTS, ZHORIFBMRIL, BEICFET DR RS OF D RN AR
L < I3REEREEHKZE LB XN N, TN 60+ OERESHHIES L OWER
JEI I B0 58 O B G AT BV OB RCFOBMKEEICX L THao L idE 27
V. ZOMBEE MR HI2IE, EBRETO NS5 OB IR L RRIRE O K51
Eﬁﬁﬁkf%é.f&/Hw«m@miéﬁIﬁ_aﬁ% IZFET D0+ THY,
WA OB U CEEREEZ R 7971]. Fex 3ET%eeE LT, f&/
— LB L OO EKEZRNARIZOWVWT, ALMA Band 6 (216-264 GHz))& i Bk 12

T B [EHEER O JE 5 & SRR & FEERE O CRIBIRE LT, T ORER, ﬂmm&f
LT — =R D M TARME & ORI EEEE 75 J ITEAF L TARRB R EDN &

LM LMNIR o [2-4]. DX D B EH Mmk@awim@AMMBmwt
LAEL TV DR S, B WA !

Z 2 CAMTETIL, iz 2B i ‘
% L 72 ALMA Band 7 (294-
364 GHz) %2 25 % IV C, £ . oy LR Al ,
5 — VOB L : . g N4

KETREE Sp? ORFERE Z1T ALMA-type

7~ - . S . ) Cartridge Receiver
2l Fig. 1. Experimental apparatus.
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[EBR] FEERORIEIL, STEETHIEL
XU - 7 XV EEE (Spectrometer %0
Using superconductor MIxer Receiver: SUMIRE) 4

Measurement (SUMIRE)

% N THT - 72[2] (Fig. 1). CH;OH (FIE 99.9%) &%

%, FE5.0 x 1071 Pa, #/£297.1 K THRr Y =

YA MDA AL (B 10 em, EX 200 J
cm)|ZEA L7, JIERER) b ORI 2 il o Lo L
ZFE (77 KORKEEHEERICLT, AR | Celculation (COMS)

NV Fﬁ%ﬁ@@ ALMA ZA 75— KV P4 40
UEEHTRE L. RSNy g
FEBIRL  feas Tt Uiz, il lCBds L= (8
OB E FTREE AL 294 GHz 225 364 GHz o0

?&) D ’ :m;i ALMA %ﬁ:fﬁ@ Band 7 L?_-;(‘j‘}]_{l; o “E‘IOOOOO o 320060 : - g‘40000‘ ‘ ‘ ‘36000(5
j‘%) . j&%%ﬁ%% ODJENEZ%&%%EEJ\E ﬁi 885 kHZ f Frequency (MHz)

H5b. Fig. 2. Comparison of measured and

predicted spectra of CH3OH.
[#R - B2£] 300 GHz O AR ITB N T,

Intensity (|

1.0

428 KDTA & R/EL, T DN 254 KIZHOW 08l

T, TNV KRGS F556T —H _X—2Z (CDMS) § os! . e
DT —F %I, AZ ) =L DT T = 04 i
IRENHERTE . RO O 1A RICONTE, 5 oo : .
3CH;0H, CH:'*0H 35 £ U2 CAURBIOhE R & o, T
REHDROBBIZ LB 2 Hivd. SUMIRE THIE 5 -04] [
L7=A7 bl CDMS OFFHRAENSFFHLL £ -06;

AT PVELB LIS D% Fig 2 1Y, 0

HE U7 A58 1L, CDMS OfE &4 10% D T 0 200 400 600 800 1000 1200 1400
FPHAN T LA, JPL 7 — 2 _N—ZDfE & 13 Eiow (cm™)

KEL BT, —F, BlIE U B8 L 3 Fig. 3. Residual between measqred
A A HlE LT D b A AR Sk 0 B T and calculated frequencies.

FEN—F AR UTD, @A TR 20N R b7z (Fig. 3). 2 DORIAIE,
T A R= 2B WTRW J OEEROBBEZEBET 572018, &0V 0EBEY
WM N HFRNT WA EEZ BD. ZIVE TOER K TIEE M2/ O MK
IR BRERBE (~10 K)ZHLIAl U CHEERAY = 3L ¥ — MR W HEN OB B I S
T&7. Lo, BERCBNOZER e RERICH L L2 & T, FUuaEH D
DOIRFEDNEWEIR (>300 K)DHFFE BT 5 L 91872 - 7. JRAGEE R PR 0L i
FDBERD, KGR DAL FREEAEIIICEZE 06 Th 5. FFIZ 200 GHz 17, 300 GHz
IS XL BUHNZHNONTEY, ALMA BB W TEELREEESE THD. £+
DX D RIFFRIZBNT, T—H =R LIZH 5 A HECTHRE DO FERM & OERIX, 4y
TOFEERCIREOBRICKREIREEL 525, i, A% /7 —1OX 9 72NERR
%Z i Floppy 7247 112D, JEPE & 98 O IERE 2 BEER AR EE L WO O NER T
b5, AWFZEIE, EBRETOEBENEICHED  EB AR L BIRE S OWRED, 47
FOHBIOEBRR AR RTHDLZEE2R"THDOTHD.
[&3 3R]

[1] Garrod & Herbst, 2006, A&A, 457, 927. [2] Watanabe et al., 2021, PASJ, 73, 372. [3] Ohno et al.,
2022, ApJ, 932,101. [4] Oyama et al., 2023, ApJ, 957, 4.



L11

Extended-Vector Network Analyzer ZHL\F=H TSRO,
(EMBIEALHBE RIKN)EFEAN -CHEF

Submillimeter wave spectroscopy using extended-Vector Network Analyzer
(Terahertz technology research center, NICT? Tokyo Institute of Technology °)

Hideto Kanamori® and Yasuko Kasai *°

[Abstract]
A Vector Network analyzer whose frequency is extended up to sub-millimeter wave region has been
used to examine the usefulness of high resolution molecular spectroscopy. The spectral intensities of the
rotational transitions of CH3CN molecule were measured at rapid frequency scan from 330 to 500 GHz.
Furthermore, S-parameter measurement gives us the both real and imaginary parts of reflex index at the

transitions.

(]
RIMV Ry NT =7 T FFAPFVNANL, B SIE FRE~T L ALy — =Dl Ji %
B B E X G DARIEW 3 T OB ONAE SIRIB I A HE T 0@ E T, 74 ve— 7
VT DX T T NAA BIOMEEERIRE DT VT 4T T NARED & Ip~ A7 ajizy
=R MZDNT, - FA=FIREBSNDFHERIEICH WG TV D, —RICIX Rl —7 1
DM 25 RF (< 26GHz) fHI DL DN T T 7228, IT4E, AR BOERE S AT DA IR AT, T
SUEICHER L 72b O HIREND IHI272 > TV, A [alFk ~ 1 Extended-VNA O & 43 iR GE > 1
I IEARFEN R T oA AVER M D DT-012, 7 VWA B ZERMNICE H T 0 AT L E i
L AT IVE — 7 O g R EE &R EE I E O RS EE DR AT > 72, BARAIIZIR, IR0 & i s
— L RIS B ATEDN T2 CH3CN 43 T 0D A7 LR B o[RBT AU kA2 I E L, B
B A PR & PRI A 2 8T, 5B IE OFFEE A M L7,

(L& & AR L E )
A B 7= Extended-VNA (3 Keysight £ 2-port PNA-X N5242B (10MHz~26.5GHz) & SR L 1L,
VDI #0 36 5 AT L% IR A, 330 ~ 500GHz OH iz 13— 28D Thsd, JE I HOR
IFSNE ref 7y DR TR ESTWD, JEEE S fRRRIXT TV 7 SD K 10° 72D T, 7V
FOILT25E1E 1.TMHz £705, R ESE T 25 8135 [ & BRE T 52412725,

VNA ORI E I 1O WNEERR KIS DI, oA —FIBENODE B O — T
TAE —TERSI, Rl TE=F—ZND, RIEW OO G &8 1307 s & a2

R v R S A s e _ | M

) DUT (

Za—745—71n

BAEY o
1 VNA O NI 2. Ex-VNA LGN AT LAORKREE
(EEENLOMIT R1 CHE I oL gl d VNA BIENS r—T7 VT SN2 —xfOlEfEas & F 1
GRS, T G o i | (S b AR — 2 7 7, e 2 i Calibration O SR
AL BB B CRIESD, AF—E A S K ARAAEE L
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ML TENEINA LB TAT Y ARSI, IWRIBEAFADR S D, AT DU 2 T,
FOFHEEZRIE T HIENTED, HETREITR K THE 100uW FRELHEESNDA, KI3DFE
WYETREE I ROND I, T DI T 2B THrOELED 10 5Ll EEREW, F2, 1
=N =TT DE FIEEICOWTYH, H itk
AN —T=y 3%V — D E I
KIFTHOT, ZOMKIEE D EITH LV, & |
BIT WIE D LIS DT 10— T — T LR AR
WERD~ A 7% T INAAD R DB A v
AL, BEZRB LT HOITF I T — ¢ \
TarEMHEINL FREL SANTA=ZREDTZD |
DOWNERT — HULER RN FE L7025,

00 00

[ g_’%,i\% ] ﬁ Hzl g—‘é’ FEﬁ %%T‘/R?A @*%JEE ﬁ\j: 2 c: 320 3(‘30 3!'!0 41)0 4;0 4;0 aéo 4!'30 500

GHz

HHEHIC, 150mm ¢ DIFFRIEL > ZAR—2T> 3 CHON OB HARIECE) & FBH0H)

TFTPOHFNEINTY 7 IV Z R AR | botaid CHON: 3mmTorr O /L8 = Baa i, Aot

DT T FTETH, P 7IVKE — AT | PV ELOBRBMREIC 0.2 OF 7y, 47

FHC Smme LA FOE — AT = ANIAEHR ST BT E DlLZ L T Bl R, TOFRITIE S21 3FA
T _ e, —ZEIRBTRLUED, IRTER>TND,

U HFEDORFEI 2 BI2NESIZ HEE 100mme, BEIsk : 330~500GHzZ, 4MIRHE : 1.7MHz, #5F 5 20 5,

YR 200mm OREE L2 AL,

[R5 SR - T - %5 % T
X3l 1.7MHz O3 fERET 330 ~ 500GHz 2fdlk% 20 7

O &R 5 THLNIZ AT MV ERT, il CHCN:
3mmTorr, KEITH L FANENEOFBBRELZHITOB |,
TRHRIHLIZL DO THD, 10%IZ & Sl RENE 13T T
FHOTH 7V P(FSR = 145MHz) TH DM, FEMEN B
@?ﬁ%@tgéﬁoféﬁ$kfék\ ﬁﬁf“mﬁ‘i‘%:/\‘~ A4 S8 A3 ORI & ek
ATANET TR T/ARIL 001 LIFEFTHIENTET |y o R(2), K=2.1.0 #E7) 3mmTorr.
%o = VNA @O S-\TA—=ZRIEREZ W TIRLIVE | 3 fizge 100kHz TllE

S21 ZHBIZEZIAL THLHD, IZTIRBLEER XRIA D)

20+

near arb]

nsity (i

with sample :A2

72N BN EL—E L7, SN B Gl BLSHE AL 0D 5 A3 Peak area Intensity
TWBN, §-/3F A—Z I TED A NINL AT 7 SO %

G C&5HZ 2D, K412 Doppler TE THIELZ RQ2)D
S21 IZOWT IRIE LT ARZ A~ ML E L TRT N, 2
R IBHT RO R LA FEIRHE TETWDIEERLT
W5,

A BIOWPENTITF S RER] 20 LR THLZEMNG, K 57
HUTZ R(16)D>5 R(25)DHiaIHAER % [Fl— S COBLAIG Derived permanent dipole moment
RELT, FAXT VB OIREZ 52~ 4 7 O B Ga
SULK)V EHER LT, RO — &2 K5I T, SULK) B
FEND KRG A-E— A MIKE FIRIOBEIZ 3%LINT
WESTNDZEND, HRERIEDOEHEE AR THIENT

26406 Xk

5.E+05

Spectral Intensity [arb]

permanent dipole
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Denaturation of low-temperature sulfur dioxide solids simulating the environment
of Jupiter's moon lo and mid-infrared spectroscopic imaging measurements
(Nagoya Univ.?, AIST®, Tohoku Univ.¢)

Shohei Negishi?, Ryoichi Koga?, Biao Zhao?, Yuan Li?, Daiki Takama?, Yasuhiro Hirahara?,
Fumiyuki Ito®, Yasumasa Kasaba®

In order to simulate the formation and denaturation process of SO, solid under low-temperature and
low-pressure conditions on the surface of Jupiter's moon lo, we conducted the condensation
experiment of SO; by employing our new experimental system. By the 2D FT-MIR imaging
spectrograph, the broad bands of SO, solid were observed at the wavelength around 7.5 pm (SO v3
region), associated with weaker peak at around 8.7 um (SO; v; region) at liquid N, temperature. By
the mild heating and cooling to the SO; solid between ~105 K and ~120 K, we found the enhancement
of the band intensity for the v; region by about 1.5 times. Subsequent irradiation of the UV light from
the deuterium lamp in the vacuum chamber resulted in the formation of a new spectrum at 7.2 pum,
which is assignable to the v; band of SO;. In addition, the intensity of the 7.2 um band increased with
the UV irradiation time. The results show that the mid-infrared spectroscopic observation of the
amorphous SO, solid may clarify thermal history affected by the variations of volcanic activities and
solar irradiation on the lo surface, as implied by the first observations of the Io surface by the Voyager

I spacecraft.

KEOHETHY, HU LAWHEOOLEOTHLH DA AL, KRN Tl bIG R Ak LiE
a2 ALTHEY ., KUK L > TI@BeisE (SO ZEMsr & T2 AN IND, &
ROREEHIZB O TEmITH 0K £ THAE S, KRETD SO, W ADEEE (HEfE) 752 &
THRARD SO, FEENREICHEE T 5, —FH T, BT D & KB L - TEREAK 120 K F
TSNS Z & T SO ERITHFHE L, 103 PafEOMmE L KANEHREIND, DX )
2. A A TIIREDOHAH (~1.8 H) IS L T, K& & RiE DM T SO, DKAH-EFRMEER 23 kAT
LTW5, £72. KAABTRENEA L TOWAEINTFET D Z &5, BRSO RER
K77 A= XD SO, FKRDZEMENTIEIND,

A FIZBIT D SO, DRKPF L OFREROEARICOWTIE, BUI L EBRIC X 0 A& 225 BN
LT &2, Kogaetal (2021)0 ALMA (Atacama Large Millimeter/Submillimeter Array) (Z & %
BT U BRI, ARBEIEZ TAXY MABRBERKREI L LIEZ D T — LA
T SO, HADEMEDFEA LT AREMEDN R STV D (HEIED, 5 22 Bl 1o eifgis,
L14), L2 LR 6, MEHESERIZ ST 2 BRI Tl 47O RIEREE) A3 K S 45 [E
REBWT 5 2 EIXFERICARFEETH D, — 7 T, IRE-[AIHER 1SRG T 2 ARAMER T,
I AN % ChEfE e O EIRZ B35 Z & L A[EEToh 5, Voyager | FEEII KK DOEIRIL A
N7 MVEBRIL, ~8.7 um (2 SO, vi #RE) G FMEfEIRE)) O8IV K& ~7.4 um (2 SO,
v IRE) QU PRMAARIRE)) DRV REf L7z (Pearl e al., 1979), KD SO, EAIZD
WL, Galileo BEEREN A AR E OUTIRIME Z 43 BB L. SO, BERD K E S OB 8 A 7
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FKHOBINZ L > THRRD Z L 252 L7z (Douté et al., 2001), £7=. SO; E{EDHMED
fiERR 2 B & U 7o RN 0 Y SR D3 B 251473041 C % 7=, Nash and Betts (1995) T,
A AR MERBE 2 L L TRk~ 22 IR REIZ351T D SO, DFRIMIEE SR WIN A~ M L2 JI7E L
TW5, T OITFHIRIEIC L o THRERMRE RO AN RERPARE S Bib 2 &R x|
HLUTEM, A ABRE FICBIT 2RI LD SO, FERDEEA =X L AT hL L
DORISBMRIT Z U F TSR S Tunan,

ARG TIL, FEBRE TA A REOKIRKERBRE 2 HE L C SO, EEEZHERE L, 7=—1
VT REINRIBE AT o T2, £ LT, EOFMMRINREANRY SV in-situ JIET DT LT,
A FRKHD SO, RO T v 2O Z B Lz, RIKERI FAF A v NOEZES
¥ = (280K, 2104 Pa) (Z/ULVA ) X% HWT SO, HAZMH L, 100 K 2 IZH A
SITZMBRES T > T VRN X — OB E (3 mm) (Z[EE L7z ZnSe FEMIZ SO, [ 4 % HE
FE L7z, & 2~ WIRO R IR 2 TR i B S, HEILE I 1w BN AR > 7 N T ERE
(Qietal,2015) \ZHDL, A A=V 77—V = lRIMNR Y Es 2D FT-MIR) %
VT 360 pum P25 O R THEBE 11x11 OFERINA A —2 0 7 AT MV ARG Lo, RFER
DFERTITANY MVOZERI R ZR 1T/ NS <, REVBRETFO A7 ML CTlmT 5 &
M 11ZRT LBV ~7.5 um (SO, v FHIK) ITHRVVN RAY, ~8.7 um (SO, vy fEIK) 1259V N
ROBIESHz, LT, 7=—U 7 ~105Ks~120 K 21T 9 & v, fHID /R RIREE [(vi) )3
ARAEENZHR 1.5 R L=, T ORA[WI 7S RIREOHETRIL, A 4RO SO, Bk
EBREDIRIE L Ie D AR B D, T D%, BHAKFE T > 7 OISR ~190 nm—340 nm % 3 Kf
MRRERNT 5 & =F kiR (SOs) vs il (MEEMiEiRE) (Y425 72 um Ice—72
DHEL (X 2), TOMBEIXMEERE & HITHERTEZ L2 R LI, SO 0F Dk A fiE
B 2L X —723218.7nm THDH Z &b, MHE TR A RIS E ., BEFibE B—X N R) (2
EHLROHMZETESRT IR R LT —ICL-o Tl EEZ SNAHENE (Ito ef al.,
2023) & DOBARILT SO BEM LT EBZ X DIND, A ARFIZEIT D SO DIFTEI Voyager
I EEOBR AT MANOHFENTHRINTEY (Khanna ef al., 1995), A AR EEREE T
TD SO; DLZENE FOSHEICRE %2 52 2 A[RetEN & 5, S%IZIN D OEMRERICH L, &
FALFRH RSO RO R 7 & & BRE U CE - TEMERY 2R BEIR 0 SEHLIZHR D FH e,

- 105.59 K, ---120.81 K, — 10941 K
v3 TR

0.2 7 SO;
?: candidates SOO, S,0,, S,0

Absorbance

I I I I T N I I I A )

—o—iWwhUanawo—

Absorbance + offset
o OO OOOOOO

Wavelength / pm Wavelength / pm
1 SO [EHEDT ==Y 7k DA b M2 SO, AT 184 53], KON A BRST L 72
WEAG, vs BEITIE AN FIIR LN RIS iR DOFEA T b, SOs v SEIITHY 2
OIDICE LD R L, vi fEI TN 72um (88— WNHBL L=, F72, 7.4 um £
REREE [(v) AR ATANIC 1SR EHR L7z, T b/ SR —7 B HBLL TEBY | hofiE
BEARITZ LB Z HbID,
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Infrared spectroscopy of hydrogen-bonded clusters with dimethylphenylsilanol
(Kitasato Univ.) Shogo Harada, Fumi Horiuchi, Haruki Ishikawa

To investigate the microscopic nature of hydrogen bonded structures in silanols, fluorescence
excitation (FE) and infrared (IR) spectroscopy of hydrogen-bonded clusters with
dimethylphenylsilanol, DMPhSIOH, were performed. Since DMPhSIOH has one
proton-donating and two accepting groups and also has a trans- and a gauche-conformations,
complicated hydrogen-bonded structures with water and/or methanol are expected. As a
result, the gauche conformer of the DMPhSiOH monomer and DMPhSIOH-H,0O and -CH;OH
1:1 clusters are identified. In these 1:1 clusters, a bridge-like hydrogen-bonded structure was
assigned, in which the OH group of the gauche conformer of DMPhSIOH acts as a
proton-donor and the H,O or CH3;OH molecule also forms a n-type hydrogen bond with the
phenyl ring. In the case of the DMPhSIOH-CH3OH case, a different type of the cluster was
observed in the spectra. Details of this cluster are presented in the paper.

(Fi] AARTHEALEB LS/ —I)L (LT SIOH &EXREBT 5.) [E7ILa—ILDT A
FHELAT, SEFICEEOHENEALE-LDT, ASAKRAIHEELEKELZEICHE
LT3, ZOKEHKEICOVTEHOEETORNSRIEBAICTHOATEA, KIS
BITEZFARPRRIFEAETHORTLEL, 5/ —)LD OH EIE, Si—O—H A&AH 120°
T, OH BfEIRENEMN 3720 cm ' BBETHHHE, EEDTILI—ILDOHELELZDT,
OS5/ —ILOWBHIKFREBEZHLOMNITARL, HLlE, T/ —LEESTCR[HEKERLE
BYUISRE—DVWTHFADAEAEEZToOTE=, UBIDEAHEETIX, T/ —ILOT7ZY
—IWHEESS/—IDKREEV SRAI—DRERERE L1, 21H, KARTIEOAFIL
Zx=)L¥5/—J)L (DMPhSIOH) 2% H L=, DMPhSIOH Tl& OH &£AKFESIZHITS
JOFUSEK HEEXOEAE LTEC LIS, PhELTO RN SREL LTE DT, HO
1 MeOH #ED 7O bR S EHLKE
EEeBEER T IEE-SND, F1=,

DMPhSIOH (=% trans #& & gauche (KA EET ’z 9 trans® & gaucheZ!
% (Fig.1) OT, TOEWHERNE-N S, )

% 2T, AR Tl DMPhSIOH B &1k & H,0, )¢M . S
MeOH &£ DKFRFEEY T A X —IZDUVT, FoHt J 9
APHRETZAVTZEOMBAMKREEDEED Fig. 1 DMPhSIOH B8k D&

Mz~ 1=,

(EERAZE] AEBRTIIBEERD Y MVEZRAWTO S RI—F4ERM LTz, BIEICBHLELE

K[EZFSHT=5HIZ, DMPhSIOH % 50 °CHI#% T, MeOH [£-10°C, H.O IEER TRz, %
NEN He HREREL, WNILR/ XLWLEZEF ¥ UN—RIZESF Lz, EFHLI5X
A—IZR L, HAERBMERIANRY FLFAFE Lz, 512, K - £5 (IR-UV) ZEHIBHAE
FHAWTYOSRAEI—DFHNARYT ML, R—ILIN—ZV 5 ARG FMLOBIEZEIToT=e 75
A2 —DREILHEiE (X CAM-B3LYP(D3BJ)/6-311++G(d,p) L X)L D E E FLEA%kE R (DFT) &t
ETRO=, AT—ILEAFIE0.9450 & L1=,
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[#£582 - ] Fig. 2(a)IZEHH# (<
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37398 cm™ [ZH N 1=£5 20 cm™ FEif=
n7OTLyiarvEFESINDER
% DMPhSIOH-H,0 111V S X% —
DNV REREBLIZ, Chbd/\Y
F#7O0—JICHAWTAIE LR
HARY FILEFig. 312" BE
KOFHNARY FLIZIE OH i
REIND R 1 KLABRENGLD
T, TN+ Tl trans B A gauche
BHDIFREIFTELL, OH fBiEiR
B)5818 D DMPhSIOH-H,0 1:1 7 5
ABA—DFHNARY MLIZIE 3 K
DN EHBENT-, DFT STETH
b1 TR —DRRERE
TIXFig. 4 IZRLT=& 312, KHT
0 k2R EKE L TDMPhSIOH @
OH EEcBKFIES, oo
BE{ké& LT Ph EEnBIKKREES
LT&Y, DMPhSIOH (X gauche
BIZHE->TWA I Dotz /N
DEREF—=UH E<CBRELTL
BIEML, KEDIA DV FTRE—
DIEE% Fig. 3(a) L I®E L 1=, DFT
SHEICkDE, CHbfERE)/ N2 —

Vl& trans & & gauche 1 TELA

Bohdh, BERE 11 TIEEVALZWI &AL, HERKE
DMPhSIOH-H.0 1:1 ¥ 5 X2 —00 CH {##EIREIFEE D AR Y
FILLEE L& 23, Fig.3DKSITBRL —HT B &hhh
o2f=, LE=A2T, BEKE gauche B THDERBELT=. X
[ZDMPhSIOH &A% / —LERWEIGEDRIE LT, &
SRR RS FILIEFig. 2(b) 2R LT=s A2/ —ILERAWLS
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High-resolution spectroscopy of Q=1 states of PbO in 400-450 nm
(Univ. of Toyama) Katsunari Enomoto

Pb0 has attracted attention for the measurement of the permanent electric dipole
moment of the electron [1]. The al,B1,(C’1 states are located in the visible range, and
one more Q=1 state has been predicted to exist from quantum chemical calculations [2].

We performed accurate laser spectroscopy for cold PbO molecules in 400-450 nm. The
cold molecules were produced with laser ablation and buffer—-gas cooling. Blue diode
lasers with the Littrow configuration were used for excitation. The laser frequency
was determined with an ultralow expansion etalon. The typical uncertainty of the
measured resonance frequency was 0.001 cm™.

Compared with the @ =0 states we have measured before [3], perturbations were
observed for many vibrational states of the @=1 states. They emerge as unnatural values
of D> for low-J> states. Most of the observed perturbations are homogeneous, and are
expected to be due to the spin-orbit interaction.

In addition to the al,B1, (1 states, we found another Q=1 state. This vibrational
progression is connected to the progression reported in Ref. [4], which have been
assigned to the b0~ state so far. The newly found progression has P, Q, R-branches, and
thus is not an @=0 state. From these facts, the electronic state assigned to the b0~
state so far is, in reality, an @=1 state, and this state is the missing one pointed
out from the quantum chemical calculations. Therefore, we suggest relabeling of this
state from b0™ to b1.

The hyperfine structure coefficient we measured (Fig.1) implies that the properties
of the al and b1 states are exchanged gradually. The cause of this behavior will be
discussed in this talk

Pb0 @ Q=1 DEFRIEEKEIL. EFOXKABIHBFE—A > FOBIFEOE TERM -
nTWB[1], AIREEICH S Q=1 DEFIEIKEL LTIL al,B1, C1 KENH S, EFIE
FHETIEILIZES 1 DOKRELNH DI ENFASINTILNS[2],

AHZE TIHEE PO R FITOVWTEBEELZ L —Y =2 F1TUy. 400-450 nm DRFFEE IS
HEIMERARY FILEBIE LTz, BEDPFOERIIL—F—TFTIL— a3 vEkeEAYDILN
VI F7—HARABEETITV. R FERETO>EREIORBTL—Y—FERNLEZHA L1,
FiERAL—Y—CIEFRFEEARL—F—ZHL., Littrow EEEDNEHRIRF[ICK Y REATE
[CLTWS, FBARL—F—IL10FHEEEZREL. KRFICHLCTRBLTHERAL R, L
—F—BARBIBEMOEFRTCRESN-BERERIIOCEZAVTEEL. &% 0.001
o DEETHFOHEBERBEZRE LTz,

LIRTIZHIE L= Q=0 DRI LR [3], Q=1 OIRETIREMBEERAIEL . FrRHET
ATEFHARONTz, CNIFEVEEIREICEVTIK, BLDAZEAEHDORBARLES L
TENT=, [FEAEDEEICTONTIX, EET % 2 DDOEFIRENKAERD homogeneous 1A
EFATEHATE, REV—HEMREERIZLKSEDEEZALOND,
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AAETIE, BRAD al, B, C1IREITIZ . FH-2 Q=1 DIKEBZHANTHENTEL,
BEDXENE LT 5 E[4]. CORBEFIRFEDOIREL LTEZA SN TV =RAIZDENS,
FAFEIZEWNT, P.ARDRAETHAEIATNEIDT, CAEQ=0DKETIFHEL, D
CEhb, BEDEMEESNLTEEMICT YA SN T b0OREF, EF Q=1 DRE
ThHY. EFLFHETHEENTFRASNGA L L CNETERE THREONN G S KET
Db, LEAD, CcDEH., CORBDOINYVTEDONL DI ICERIRETHLHEER
Do
BHMEEENROFRHFig. DEEMS, al DRFIE DI DRIIDET, HENRLIZTAHK
BEHoTWAHFARLGNTz, KEBETIE., CORITOVTHERETI.
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Figure 1: Hyperfine coefficient for vibrational states of the Q=1 states

[1] S. Eckel et a/., Phys. Rev. A 87, 052130 (2013).

[2] B.0. Roos and P. Malmgvist, Phys. Chem. Chem. Phys. 6, 2919 (2004).

[3] K. Enomoto et a/., J. Mol. Spectrosc. 390, 111713 (2022).

[4] M. J. Kurylo, W. Braun, S. Abramowitz, M. Krauss, J. Res. Nat. Bur. Stand.
80A, 167 (1976).
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High resolution spectroscopy of Phthalocyanines using buffer gas cooling
(Okayama Univ*, Univ. of Electro—Communications®, RIKEN®, Toyama Univ® MPRCF)
Yu Nakano*, Ayami Hiramoto®, Kana Iwakuni®, Susumu Kuma®
Katsunari Enomoto®, Masaaki Baba®f, Yuki Miyamoto®

Buffer gas cooling is a versatile method applicable to a wide range of molecules. Our
research focuses on high-resolution spectroscopy of relatively large molecules using
buffer gas cooling. This field has received |imited attention until now. As an initial
step, we successfully conducted electronic absorption spectroscopy of buffer
gas—-cooled free-base phthalocyanine (FBPc) and observed rotational structures [1]

Through a comparison of simulations and observed spectra, we concluded that FBPc was
cooled to below 10K. In this presentation, we share our high-resolution spectroscopy
of magnesium phthalocyanine (MgPc), zinc phthalocyanine (ZnPc), and aluminum chloride
phthalocyanine (AICIPc). These molecules are metal phthalocyanines as they have a metal
atom bonded to the center. The spectra of these molecules exhibit significantly
different rotational structures, |ikely attributed to variations inmolecular symmetry.
We will delve into the spectral characteristics of these molecules in our discussion

Ny D7 —HRABEEIHRICTIEBEDAN) VLGB EDREFEAREZFHRIESZ LI YA
TEHEFETHD, TOEMEAANRENSZHREIRF - R FEAHATHENARETHY.
FLEENSIBIEE (~4K) EFTFHEAINLZLTHATESLI ML, ARAMNS  LLER
BELAIMFELE LTEEIATVWS, AETESFOL—HY =SB EDFHEAAELT
LCALWLITEY., TOEEUZEL TS, —AT. SREESFA/AEDI-ODAHF
EELTHHEIEMMNEATEY., ChETEICAVLMNTELEBERY v MEEBANG
FEELTHFSIATLS,

BEREINFETHFYZEE SN TILEN > ELBHMREDDFOSHEERILE/NY T 7
—ARBEAZEYToTE, & NV IT7—HRBENEINF-T7) —AR—XT420L7=
v5F (FBPc) DEFEH SN ERERIRSLZITL. AR FLOBRIEICHEYLE, 748
7= UDEEREHH/NELY (~100MHz) 2HhhbH 5T, AR MLIZIXEEESHIZHFKT
BEEEERTHENTE, VIaL—YarvERRT MLBEZRET S EITE-
T. EEREBS L URMEREBOREENZREY. COLIGAXELFOEEIZET 1R
NERREI AN EB/ONDS T EE R, FfEER - WEL LI 1K LTFICETHES
nNTWaZ Ehbhhot=,

AFBETEH 2O 72 0OHLHICEBEFIMEELEZEE IO 7 VODETFER
DENBESNDHEEZT 5, EARMICIET IR o L7280 7= (MgPc)., FEho42 0O
DF7Z2(InPe), EnIZ2T74AYTFT=oAATF7ILIZ=Z)LAICIP) DANEITOz, B 1
[ZRT&KIIT. SNoDHFIL FBPc LELG DX EEHF D, FBPe (X c@#E Y D 180 ERlER
TR THEN. €EB 74072 UIF 0 ERETHITHSD, 1T MgPe & ZnPe (FFEI L
wEZE L DA AICIPc (FTFESFTIHELZEVLAIEEREAT L. CNEDRFNNY IT7—HR
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AHZE > THIERETHAOT ENTESD., FLAMEICE>TEDK S BEENRAR
J FILIZEN DD, EWVS AARARDOETH D,

B 2 [ZEIFE &t - FBPc, MgPe, ZnPc, AICIPc M A RY FILETRT, CNETITESREED AR
I PLAHRESNTEY 2], SEBAIESN=ARY MLOBRIDEHR ST S & GHz IRED
ENRoNTz, AR MLIEA FBPc LRIFEBETHAZ ENLINODAFELBIEEETHAZ
TWBIELOMND, TRTORFTHREEEEBEODNSIRE/NI—UAEAISh, 512
ARY MILOBENDFICE>TRELERDL I ENDOMN DTz, MgPc, ZnPc Ak L =R R
JRILERTIENDE, CNODBVICHMENEE LTS EEZOND, EKIZEFT
EEZBNDBAICIPC DARY FILIFHD ARG FILERELKEL DTS, TNHDARY
FMILOBITIEBRZTIEEL ., FEERLECEBTETTORLD, RKEETIERARY LD
LRBRTDOBRRERET S,

[1] Miyamoto, Y., Tobaru, R., Takahashi, Y. et al. Commun Chem 5, 161 (2022).
[2] Fiona, P. et al. JMS 194, 163 (1999).

(] 1) FBPc, MgPc, AICIPc DHFH&EE

— FBPc
—— MgPc (-480.25)
—— ZnPc (-631.16)

—— AICIPC (-240.47)

Normalized absorbance

| ! | ! | ! | !
15131.2 15131.6 15132.0 151324
wavenumber [cm'1]

(X12) EMisFBPe, MgPe, ZnPc, AICIPc MRHRRIRARY L% FBPc DRI A T=£.D



L16

AN LBRBERWELBEEKZBELFA O OEHA
(RS AKRRER o, BRHF °, USCS, U. Innsbruck?, Jt B XEE °, HAL KRR N
FOFH > - OAMIEZ - A Singh®-S. Bergmeister’-A. A. Azhagesan® - KFHREX ° -
KB - HBEE - WELIT - P. Scheier’-A. F. Vilesov®

Observation of Hemibonded Water Dimer Cations in Helium Nanodroplets
(Tokyo Metropolitan Univ.?, RIKENP, USC?®, Univ. Innsbruck?, Kitasato Univ.®, Tohoku Univ.")
Arisa Iguchi®®, Susumu Kuma®, Amandeep Singh®, Stefan Bergmeister?,

Andrew A. Azhagesan®, Kenta Mizuse®, Asuka Fuijii’, Hajime Tanuma?, Toshiyuki Azuma®,
Paul Scheier?, Andrey F. Vilesov®

We produced water dimer radical cations (H20)." in superfluid helium nanodroplets and
observed their infrared spectra in the range of OH stretching vibrations. The results showed
the coexistence of two structures in the droplets: a well-known proton-transferred
form (H;O"-OH) and an alternate metastable hemibonded form (H.O-OH.)*. The latter
structure was identified spectroscopically for the first time in this study. Its stability was
attributed to the efficient cooling of the incipient ions in the superfluid helium environment.

BE 0.4 K DAY Y LKHEIZ, BRBNEESHUAEEN SIBERICHTIEEMADNRE
TRYLZRELTHOATEY ., CRETRECHELE=-HEIFOALHAELAEAIZITH
NTER, BERFCOAYYLBREERVESFAA D OHRNERTH D, FEFPFER
ALIAYYLREEEFEEA A LT B LT He D ODERBHEZR CREREICH
TRRFAFUNERENB[], TORDFA AU ERNL—F—RICEVIRBRET 5 &,
BEANDIRILF—ERIZEY F/ BUTOBER Yy — L TEEREICER GENT 5,
DEEHERBDANY Y LDERICE > TREH A ANBLT 5, COBEERYIRS &
T, REMICERENDIBEDDFAAVEEENHICLYRHL, BERSFA A DH
SMREIZRRY MLEBAITE S,

ARARTRHADFEREE L, BUREH-YKDFE 2 AREEE S ETHEDKS
BAREER L%, LROFEICELYKZEEKHFA U (H0) D OH IREVERLC & (1 B 7o+
PBHEIToT=. (HO), IEEHRETEIZT 70Ok Ui%E 8000
B (H:O"OH)& ., ERFELHERAKTHIERERE 700 — piperment
(H20-OH.) DIFEMN TR S TV, RIGHEEEH ool | Hemitye
BCRBIHEETILT 5710, FESEOHLER
BlErEMot=, FHAITER L1 OH i/ KA D
(O} DHFEEEREL 1, TOBR. ChE o | FTT TG
TAXUTRHRICE>THAShTW =700 Rt °
BRI2ICINZ . Fif- TR ARG T BIRB E— * o0 i
spBLoNT= (B1)[3], AERE. HEIZKSHRE

5000
4000+

Intensity (arb. units)

‘N\
LA
210 2400 2700 3000 3300 3600 3900

Wavenumber (cm'w)

A - wm ] e SH S 1(H20)2+0)5|]-771‘X’\07 IN)I/ (%) t§ ju
AT VDRRICE ST, ERXRELGHBEEENET romyd GF) L3£4% (F) O OH @

Sht=Z&EFRLTULS, BEIRBICAT 2EHRRARY ML

[1]1D. Verma et al., J. Phys. Chem. A 124, 6207-6213 (2020).
[2] G. H. Gardenier et al., J. Phys. Chem. A 113, 16, 4772—-4779 (2011).
[3] A. Iguchi et al., J. Phys. Chem. Lett. 14, 36, 8199—-8204 (2023).
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BFERARSFEED H/D RELELSHO
IR+ 53 S BT H A~ O3 A 1 Rl
(BXRBEEEET ) OFMAME ° - Fetthst * - B

Evaluation of the applicability of multicomponent quantum mechanics to
the calculation of infrared spectra of H/D isotope compounds
(Hiroshima Univ.? Kazuki Kataoka?, Yusuke Kanematsu® Takayoshi Ishimoto?

Quantum mechanics (QM) calculations commonly used in infrared spectroscopy
calculations are based on the Born-Oppenheimer approximation and the harmonic
vibration approximation, and thus the calculated values contain errors stemming from
these approximations. Such errors are particularly strong for vibrations involving
hydrogen nuclei with large quantum fluctuations and often hinder attribution. A
possible solution of this issue is the multicomponent quantum mechanics (MC_QM),
which extends QM to quantum multicomponent system. MC_QM is expected to provide
higher accuracy and enable the analysis of H/D isotope effects by treating nuclei
quantum mechanically, like electrons. However, the improvement in accuracy through
the application of MC_QM to infrared spectroscopy has not been confirmed. To
investigate the suitability of MC_QM for infrared spectroscopy, we performed
calculations of vibration frequencies for several H/D substituents using MC_QM and
compared them with conventional QM calculations and experimental data. The results
demonstrated that MC_QM values exhibit improved reproducibility to experimental
values by incorporating nuclear quantum effects

[Fif] FADKEE. DEODFRECKREDENOEOITIRE RSN HFHF
EZTHY . RIRL=FRMEEOXDBRELERICE IV THDFORERERDIZENTETH
%, SBTIX, FHADIARY PO LHFOEERFZIRBT 51-012. EFILFIHE QW
NESAVLBNTWLS, LA L., —REBGE IR 2 I EHE (S Born-Oppenheimer dE{ELE & UEAFD
REGELIZE DTS LD, FOHEERFIASOELICHET ZBELZRNELTLS,
BIZ, EFELTEOREFVKRREFEZISEET HIRBICENT, TOREERCBEAELL.
LIZLIERBOWHITFELS, BEDHEFERE L TREBMEHZRAWN-Ryr—1) U J&E0R
TUOVXILIRIILA—HAEOSRAEICE D ERMEBEELENTFET I, AIEIEHE
EHORBBEEICE >TREANELG IR, BEBELSHEIRXR MOLOICKELRTOFERAN
R mMD, WIThEABANTHIEIETENEL, COL S HEBICHNIT EAEE LT,
EFERN RS TFIER MC_OM) [11MAZIFS5ND, NC_ N [ZRERFRODEFELETEFEEBLEMN
LBEFREZRET HFET. EEYHEHEICKEFIRENEMICEYAL Z LA AR
THAHA=H. BEDFENRIAD D, ERIZNC_OM OERAIZELY . 'H NMR RR%Y ~LOEER
ARG MLBEDHAYMHEEDHEICSEVTEREOBEEOR LAER I TN S [2-4],
LML, FASKEEIZDOLTIE MC_OM DFEABINELZH/E SN TLEL, T TEAHET
FMBEUNM M EFANCTEERIHZEE L., REREL KT S LT, NC_OM D FHN5
KA E~NDOBERAMFEZT oz Flz. FNSAHEICEVTRELRERFRONEEHET
M9 5=HI12, RITHARTESRBELIZE > THONIED] LLET DI LT, BUERHD
BELICEP2AELEELORENDEELRIILT=,


m-misono
L17


[GHEEM) =9, EMATEMDT=0. 4BO/NDFEFD H/D BRABRIKIZDNTO &
MC_QM Sk 2 EEREFBDE L Z1TL. EREL LET S LT NC_OM O FEAMFME1T -
Tz o EMEFEAZIC IXRER(E I xT L THFiEXRERZE MAD) Z ALz, EHE AL QM (2 DFT., MP2,
CCSD(M &. TN ZEEFERNRIZHEL 7= MC_QM [Z MC_DFT. MC_MP2, MC_CCSD(T) ZHL>
f=o NC_QM TIEXLTHKFRZEFMIHRL., KEFRFROEEBESIZ(E 1s-GTF ZFEAL. &)
BIRMIZITETHAEDEZEA LT, DFT. MC_DFT IF;AE8%kIZ B3LYP, HEREHRIZIETDET
HFETaugcopVTZ ZHRALT-. 5185705 5 LILMC_OM %324 L 1-BiFhR Gaussian16 %
AWz, £z, FYEZLDHDFTOEAMERIEDT=H. H/D ZET 12 BOHFIZDOLWTHE
REBDODR O FI—D &1To1=, THIZ, BLEREHDOZE{LE LT MCDFT 5K U MC_MP2 (=
DNTIRILF—DELSHREIL E MAD H/MET 2 ERBOREILZITo 1=,

[$ER - BR)4TED/INDF & FORGIAEHR Table 1. MAD of all molecules in QM and MC_QM.

RIZDULV T, QM & MC_OM D EEIREI ST E(E WH wp Ok
(w) &EZ D H/D BEML{AS 7 MME(SH/D) =EE& DFT 91.6 41.4 50.1
—Gjiuiiqzié] j& & ’)\\T: MAD E:% l./f: (Table 1) o CCSD(T) 1076 531 545
= 5(Z DFT a%itu MC_QFT L’.)(,\'C({)/\/?v MC._DFT 088 15.8 175
—HDERELRLEFig 1), ShoDEEEM

MC_MP2 47.4 26.2 21.4

5 MC_OM DERICK > TERIEOHERMEDMR
EARERTES, T, KREEEHOEEE MCCCSDM 380 18.2 18.9
HOBRBILET =M. BELEEHOREEHSNAEM 5T, LI=h>T. NC_QM 2 & 5
ARRFEICSEVTIERERRORELEET L LATHEDEORATHAEERES NI,
MOHEFETOEAMETME. NEERSHLO#EMEHERIC OV TIELARET 5,

(@) 4000 . (b) 4000
— 3500 y= 1.(2)485X -33.864 . - 3500 y=1.0119x - 21.824
p R*=0.9993 y ; - .
£ 3000 € 3000 R? = 0.9991 /
:; L i s
> 2500 % > 2500
= 2000 ~‘/ = 2000 9/
o 4 o ra
g 7 9 F
® 1500 ¢’ © 1500 v
o} =}
(8] (8]
3 1000 P s 35 1000 o
S 2 8 P
500 s 500 7
/
0 0 z
0 1000 2000 3000 4000 0 1000 2000 3000 4000
Experimental data (cm) Experimental data (cm?)

Fig.1 (a) Plot of calculated DFT values against experimental values for the same vibration mode. (b) Plot of

calculated MC_DFT values against experimental values for the same vibration mode.

(Z% K]
[1] M. Tachikawa, Chem. Phys. Lett., 360, 494 (2002).
[2] Y. Kanematsu, M. Tachikawa, J. Chem. Phys., 140, 164111 (2014).
[3] Y. Kanematsu, M. Tachikawa, J. Phys. Chem. A., 119, 4933 (2015).
[4] T. Ishimoto, Y. Ishihara, H. Teramae, M. Baba, U. Nagashima, J. Chem. Phys., 128, 184309
(2008).
[5] T. Ishimoto, M. Tachikawa, U. Nagashima, Int. J. Quantum Chem., 109, 2677-2694 (2009).
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ArF RBHICK DEHEASKBEFOL I/ OAATE MY T UORIEERE
(REREXI? TUTsvPaaRYEF7TKREE") OFRK E>°-LindaZeng® -
Brendan Moore® - Shin Yi Toh® - Pavle Djuricanin® - B#i #8°

Photochemistry of Cycloheptatriene in Solid Para-hydrogen using ArF Excimer Laser
(Tokyo Denki Univ.?, The Univ. of British Columbia®) Jun Miyazaki®®, Linda Zeng®,
Brendan Moore®, Shin Yi Toh®, Pavle Djuricanin®, Takamasa Momose®

Cycloheptatriene (CHT) is a seven-membered ring compounds of hydrocarbons. In this study,
we investigate the photochemistry of CHT in solid para-hydrogen (para-H) irradiated with ArF
excimer laser (193 nm). Photochemical products are identified by Fourie-transform infrared
spectroscopy and density functional theory calculations. From obtained difference IR spectra,
bicyclo[3.2.0]hepta-2,6-diene (BCHD) converted from CHT are identified as initial
photoproducts. Upon prolonged irradiation, cyclopentadiene and acetylene are also confirmed.
The photochemical products and process of CHT in solid para-H» will be discussed.

[#E] BRERANICZEREZE T HRILKFRILEDIE. TORBIVFEOCZEHEMNE
DEWVICEDIRIGEDEND S, [HEORBSREZITTHEL, ERRNOCEI FHRPLESL
DRIGIHETHENED LN T D, N DTRIRKRIEKFIEEMIZ., LN ~AIRABEHDN
FRHTDE, TaT—RUEVDKRLGAFERAIZ2 DOREEKT 5 ZIRIERIG. kEF
—RRBEEDUVNLSERRE. AR FERHL/M A ZREBRE. TEVDI2HDR
SHEAMON TS, HERIECHAET, RUEUPIIAANXTH I VLR EDKREREES
M, DO RRVATI Y (CsHe, Cpd) HEDREEBRILEMEFREAR/ NS KFERICHIEL, £
NI LV ERT HILFEORTE &ERISEBICDOVWTHREZEDTE -, KRR THL
5 0AXH )T (CiHs, CHT) (&, BHRFPTILIT R v I AFTOEN BT
EY. SFHNCTEBBREGAETL. ESYOB20ATF4H-26-ST > (BCHD) D4R
HINTWBSH Y (Scheme 1), ZILTUI b v AP TIAUBORIGIEHRE SN T
W RARARTIE, BF/SSKFRFICTCHT 28R L. AfF TH T L—H—REBEHIL Y AR
TAORIEERISCERYDEE L LEEICDONT., FNSEEEFEABHBEIC L VRET LT,

Q=

CHT BCHD
Scheme 1 Photochemical reaction of cycloheptatriene (CHT) converted to
bicyclo[3.2.0]hepta-2,6-diene(BCHD)

[EE] £ THOXEEIL. UBC TEMEL Tz, /TKFIK., EEABEROERICKRHRE
(FEOH)O filitft (14 K) ZB L TAILY—/NSEH L. CHT (Aldrich) (. FEARETIZESKAER
LIzbDEFERALIz, CHT ENSKFEHRSA VP TEEDEISTESAL. YA LR
GM S EHTAHELT-ZnSe EROKRAITEE N R EWE (T TEERNSKRHAHEZERL
foo BB O EREEE, T7— 1 TEHFSNIRIRZ <Y FILTHR LT (Brucker, IFS-125HR),
HAERERIGIE, BEEF v oN—08NNS ArFF THITL—H—3% (193nm, 3Hz)EBEIZ &Y
HIEWN 150 BT EITHFNBRIRARY FILERIE L TARY MLELEDM L RIEZEHL T,
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(R R UZEE] Fig.1a IZER/NTKERIC It
f#E L 1= CHT (CHT/ para-Hz= 10 ppm) D74t - a) CHT/para-Hp = 10 ppm 40,7 710.1
WUIRRRY MILETRT . BAISNI-E—I DS L ~
5. 710.1, 740.7 cm™ [CERAI SN D EEED | 1395.5 910.2 791.0
WIRE AT R v o RERNRB e 2 ' ' .
B, CHT @ C-H ESNZEARSEIRREL ; b) ArF irradiation 5 min 7570
fzo TREADE—IMELREL L XHME" B |,, 782.0 | 6955
EBU—HER LIS EMD, CHT AEH/S § R
SKEBICHRS L C BB LI, Fig. § [T
;Jblcﬁ?;;i; 0'? r; D/J_::fjrf?; ;’7;’: g I o) ArF irradiation 60 min 732 ssp0]
N BESTRI ~N = ~ h I
LERT ERASKEBD CHT I AF e o1 o167 |
F—OREBET D&, 740.7, 710.1 om™ I2 911
BWETHA S AT CHT ORIRAEL L. F .

=12 782.0, 727.0 695.5 cm™’ [ZIRURANERHI & 1400 1300 1000 900 800 700

*Lf: (Flg 1b)o Ch%@”&ﬂlli\ 5‘;&'5&4:"‘5 Ar Wavenumber/c:m_1
TRYYHRABTEREABEEIATILND Fig. 1 Infrared spectra of CHT in solid para-hydrogen

at 4K.
BCHD MAANY FILIRE—2 ERVW—EZ TR
LizZemd D, Bk ST KERISEV T, AF I/
HEBEIZLY CHT 5 BCHD ~AD-EBILR a) ArF Irradiation 5 min

| (CHT/para-H, =

[ b) ArF Irradiation 30 min

I 91678938
961.1 \

N _ cog ~ - ~5 ppm)
IEET LI ENBALMNEL Tz, &5

ArF DR ZEfRIT 5 E. £ LTz BCHD @
RURAVE A L. FHf-ICEROE—I DSBS h
f= (Fig. 1c)e TS5 B, 732 cm™ (X, 7EF
L>® C-H ZAikRENE.1369.9,961.1,916.7,
893.8, 666.0 cm™ [FHEERILEYMTHZ LY
0R % UL (Cots, Cpd)? EMEL.BCHD 3 e radiation 150 min

DHRIZEKY Cpd ET7EFLUNERMLEI=C 0485

~1308.3
ERBLMELL >z (Scheme 2)
h
(1) == )+~

BCHD Cpd CoHs 1400 1300 1000 900
Scheme 2 Photochemical reaction of BCHD Wavenumber / cm’

Fig. 2 Difference infrared spectra of CHT in solid para-
CHT MEFEE 10 ppm & YMEC LiEpk Yorogenatak
INTIKFRHRFBIZ AF FBHT 5 & (Fig. 2). HBRETEREAE ULRIZIE Fig. 1b, c TEIBI St
BCHD M5 Cpd &7 E2F L UADDERIGHET LA (Fig. 2b), 150 " E THRHT S L.
B LTz Cpd LF7EFLUORIREFED L, #Hi=(2 9485 & 1308.3 cm™ 1Z/3 RAERI
Sht=, 9485cm N IETFL D v7 /A2 K3 1308.3 cm™ {HADRIRIE A Z > D R(0) /8
VREFDEEHRDHUEELERLS —BTEHIEMND Y, Cpd VT EFLUNDEL, T hUY
DADKRERIELTAZIUDPIFLUNERLIZEEZ OND, MMDOBEHORIRE—I D
RE L EHE TRICHEBIZDOWLWTIRET LT,
[ZZ3CHEk] " JPCA, 102, 4728 (1998), 2 J Mol Struct, 692, 145 (2003) ¥ Spectrochim Acta A 35,
199 (1979), ¥ JCP, 107, 7707 (1997)

Absorbance (arb. unit)
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He-C0 ) 3 R4 FRMELEART > & v )LHEDRE
(BRARETL) XAKT - &l %A - OFHHE

Three-dimensional potential energy surface for He-CO
(Gunma Univ) Kohei Ohtsuki, Akihiro Kifune, Yoshihiro Sumiyoshi

Three-dimensional potential energy surface for the He-CO complex has been determined by fitting
high-resolution spectroscopic data including four isotopomers, He-CO, He-'*CO, He-C'®0, He-'3C'70O,
and *He-CO. High-level ab initio calculations at the CCSD(T)-F12b/aug-cc-pv5Z level of theory were
performed to obtain initial values in the least-squares analysis. The determined 3-D potential energy
surface well reproduces the transition frequencies of IR spectroscopy for *He-CO.
[Fi#] NUDLRFE—BILRFENOHDY FRAF—IL, ERZEMICEITEH/AFKEFFO
He BF& G0 EDRDBERIANF—BEBEERESI2L—2a30FT5TAMEATETIL
ELTOEBRA L, FORIDFLNICI VRS K21GEDTDEESAARIZMZ, ab
initio STEDMRLITHONTUNS[3]. BIZ, abinitio TEDHAFIZEVTIE, HBAICXERS
N FENZEREICERY SELLEOFMEICE VLW TEENLTRTHY, 2HHEZEE
LA FRIREA A TSV RFAELEZNITE DV SR T—2 LOREBLITHhR TS [3].
HAalE, BEIC A0 ORXT—2NoBRED 3RS FREMEMERRT VL v /)LEE
(DIPES) ZRETESFZHMEL, FLRAKRDFAEIZKY, He-C0 MFRIZDULVTH 3DIPES
EFRELEMA]. LALAAS, He-C0 MRIZTDOWVTIL, HEEIRILF—D 10 on KFETH
Y), bound state A% Ar-C0 MFR &L Y L EBIMICLE =8, 1 DORCEEDFTND T —4
M oRTE L 1= 3DIPES DFREE(F Ar-C0 DEN ELERTEMN - -, §E, SEEORLZADES
RN T — 2 ZRBEFIT ST, L YBEDEL DIPES ZRET HFEM LK.
[#&#47] CCSD (T)-F12b/aug-cc—pV5Z L NJL®D ab initiostE %4TLY, He & CO DEEEESE %
R CO#EERERE%E rwo, HeCO DEEEZ0=180° L§ 5V EREIZELTAER 2976 DN FHEE
B1TACRC20A 1.0 A< reeC 1.4 K 0° < 6<180° ) 12T B0 FRIBEEMERRT >
UHNIRLF—EH ChEETLBEKDBICT 4y FLTHASA-F—LL (BRER
0.18cm™), AXT—RFDOTR/N_RBINITH T 2MEMEL L TAHWL:. IREIEEREMD/NI L
=7 O EHERY, SEIUIRLF—BEFEOHESEL Ar-C0 DEMMAIER%RTHY,
FHHMITERET 5. He XUV 0 DRMLAERIE, BEEEDEVNCIDETNETNDOREKE
EHA~ADEEL LTEEL:. EICC0 DRMARTIE, YIEEFERAOBHOHELERE
L. R/N_KBIOBODERLGLINET—RICHTEIEAL, RLAFEOT NV ORK
DET—RICHLTIO, TURIET 2107, FARRT—2%107& L1
[(MBREER] £ 18 KOEBAKYE, EA41.0DIA IV QRDT—2EHEL LTHRE
16 kHz TEBIRT H2EMNTEI=. RE LT DIPES ZRALT He-"*C'"0 DZUEBFHEERIC
K HBMMAREREL o1& 25, FRES 8kHz IZx LT, 2. TkHz L/h S A B L A o 1=
DRENR/N_FBNOKREIY LSV, BHHESRMN S DIPES DIFEZTET 54
21, BIZERZZHRROFALUTICT IRENHD. A FHBEEAOKRETEE, COBEEE

BMOBRICES-TEXRT S, CNEDFRANDBAICZEINATWSEERLTLS.
[1] C. E. Chuaqui, et al., J. Chem. Phys., 101, 39(1994), M.-C. Chan, et al., J. Chem. Phys.,
105, 7910(1996), A. R. W. McKellar, et al., J. Chem. Phys., 110, 10766 (1999).

[2] L. A Surin, et al., J. Chem. Phys., 112, 4064(2000), A. V. Potapov, et al., Optics and
spectroscopy, 106, 183(2009). [3] K. A. Peterson, et al., J. Chem. Phys., 123, 084314 (2005),
[4] Y. Sumiyoshi, et al., J. Chem. Phys. K 142, 024314(2015), KA 5, % 10 EHFHZHHS,
EETHa% 3P002(2016). [6] R. R. Toczylowski, et al., J. Chem. Phys., 112, 4604 (2000).
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BB TO SO, EAAND L/ RIBEIRER & RN AIE
(2) sHEEMNT7 TO—F
(W 2EEAE") OFEXZ - BRET' - wEE—"- FEEX®

UV irradiation and infrared observation of sulfur dioxide clusters and solids at
cryogenic temperature
:Spectral simulations by using DFTB method
(AIST?, Nagoya Univ.?) Fumiyuki Ito?, Shohei Neghishi®, Ryoichi Koga®, Yasuhiro Hirahara®

In the last symposium we presented the results of infrared observation of SO, solid and clusters
irradiated by UV laser (266—-310 nm) at 30-80 K. The spectral signatures at 1385 and 1411
cm™ clearly indicated the production of SOs;, suggesting a concerted reaction mechanism
following photo-excitation below dissociation limit of SO, molecule. In the present work, we
simulated vibrational spectra of (SOz), at global minima for singlet and triplet states, and
compared them with observed spectra. The bifurcation of the degenerate SOj; stretching vs
mode by SO, solvation was well reproduced by these calculations.

(F]
BRIIREOHEAAREIZH TS5 _BRILHE (SO2) DHRIELFEREEFRERIEMDERIC
BT 2HMRE155-HD,. BEEHUHETTH SO, A KRDABHEREIT -, TOMHKRE.
1385cm™ & 1411 em ITHERYIDORIREER L. =ERIEHRE SO; DIEERE vi/\V F LR
B L1, SO DERMBARLUTDENLT SO NERT HEMND., SO EEHRRATOHRENN
RISHRBENTz [1]o SOs vi/ 2 FDRHIEL SO ~D SO, D “[FIEM” ITIKBDEEZ D
naH., SEROEBEICHTIMRIE/ONTHE ST, RFICERT HE0D SO HEAISh
BT RICOVWTERBATH S, SO RERICTDVTIEZEMR(SO.). DIEED FTMW 53
RETELNTVEDH [2]T. KEWI SR E—[ZDOVTIEHELZHFAENZ S A TL
5NDHTHS (3]
AHMETIE. (SO2) (n=2-10)IZDULVT. FXERMIZ EAEI%E DFTB & minima-hopping 7
L) XALEHAEDOEERREEE (GM) DIFRFTL. EERES LUK LESE
DY SR —BEICETIMEEFIT2=DT. TOHRIZOVTHRET 5,

(Gt&])
(SO2)n (n=2-10) GM DMHAEIL 5 FHiGiE [41& artificial bee colony (ABC) 7J)L3 1) XL
[Bl1ZMHAEHLETKRDHIz, Fon-PEELN L. EFFHE Y 7 b CP2K [6]Z AL\, DFTB
i& [71& minima-hopping 7L 1) XL [B]z#AEHE. EEKED(SO) DREEEES
BHLT=, ABHEDI SR E2—DEEX., ZEEREDSO,). DEREBETHLTES
EIRFEL-, BONEREERBEISH LIREIFTEZITL. ARXRT MLOYZaL—2 a3
REBALEFENRART MILOLEEFITo 1=,

[(#5 R L E]

Bont=S0 VSR —DEEDHBIILUTOEY,

- HEIKEE - n=1~4 [2TDWTIFKYI SR A —DEEELEHLURELN, n=51FEZ 2 v FETK
DS5RA—D GMQIEIFERL>TWS I Ehhnd, ZEADEEX FTMW THLONT-1E
EE—HT 5, BHmOEE [B1&Ya /Y FTHIFEASLY,

- ZEEREE: SO3& SO EEH. n>3 TIEIIASA SO, D A" THEEINI-1EE
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[ZE-oTWLWd (B1),
2[C=FIEKED SO2 V SR Z—DIRFARY LD 2 aL—2 3 VERETRT,

SOs D vaE— FA SO D “BEM” K> THRT HENTREIN, RHROFHEE (=10 D
HmE42cem’) [EFEBRE26cm' EK<HHIEL. 2DDE—V DRELLERETBRT HEN
Hhd, —H SO DIREBAE (X/ME <, BBITEHEMN>z[RE & L TIE reasonable TH 5.

(%]
AHRIL. BK-ERATSIAT7UORABED—RE L THERSN-HRAME [HRERLELDOD
EREFRNDKICEIRGERAXRBIRELZSTOMEEA] O—EELTiThhl-, EOHBEREE
HET. WXELTHRREINTLS [10],

(3Z7K)
[1] 5 22 @S FRRARE. L17(2022).
[2] Taleb-Bendiab et al. J. Chem. Phys. 94, 6956 (1991).
[3] Venkataramanan, Struct. Chem. 33, 179 (2022).
[4] Ribeiro, J. Phys. Chem. B110, 8789 (2006).
[5] Zhang, Dolg, Phys. Chem. Chem. Phys. 18, 3003 (2016).
[6] Kuehne et al., J. Chem.
Phys. 152, 194103 (2001).
[7] Niehaus et al., J. Mol.
Struct. (THEOCHEM) 541,

185 (2001). \{ e J ‘{ Ve P4

triplet

[8] Goedecker, J. Chem. ‘ 2 5
Phys. 120, 9911 (2004). . < '
[9] Gadre et al., Chem. Rev. 2 n=2 3 4
114, 12132 (2014). ’ ¢
[10] Ito et al., Chem. Phys. ®)-. " Ir’i:;)
@0~ Oy~ | \
Lett. 829, 140742 (2023). “th -
° ~ig
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CS 73+ d?A— a1\ ROFRAFE I AT NIV OFENT

(LK 2, BARC®) OJIHEEKRS 2 PHOfnZs @ fFfk 2 K. Sunanda® M. D. Saksena®M. N.

Deo”
Analyses of infrared emission spectra of the CS d®A — a®I1 band

(Okayama U.2, BARCP) K. Kawaguchi,® K. Nishiguchi,? J. Tang,® K. Sunanda,® M. D.
Saksena,”M. N. Deo®

[Abstract] Infrared emission spectra of the d?A — a®Ilband of the CS molecule have been
observed in the 4000-9500 cm™! region. A simultaneous analysis of three spin-components of the triplet
states was carried out by taking into account perturbation effects from nearby electronic states.

[F] CS 2 FII ARSI CIRBNER OMC £ < DN E IRER OB HEB MBIl S b,
2019 4F D Fo & 1L, a2t — TN RAEIHI L S-TIFH A/EH 2 B & L CTIO v=0-3, = D v=0—
6 DY FEARE LT-s FIE TIIREED3 S D A RSy 3T, 311, 3 1B fifdT &
AUTIWTAS, DAREED B DA EAEH 2 B8 L 7= = 1 L X —1 78I & 0 32D 5y D[RR AT
PRI A2 o 1o, ATFJETIE @%5" L0 EVTRAF—% b0 EAREEN S aTI~DFEH A
7 RIVOBH - TR ATV BBAIREED v=0-4 D5 FIERMARE LD THET S, M1
BE 2 = R L X —HENL &2~ T, a’Tld v=0 T singlet FLECIRAE L VD 27583 cm! @/ = R L
— %2, 1991 4 Choe F2NE, 7 — VU =R I LY d3A - a1’y ROELH| & Bergeman,
Cossart? DT & W TCOIFE Z#E L Cuvd, Choe ZHDWIEIL v=3 UL B2 DT, Bl
FIIIABFZE & AR T D,

[ZEBR] 7 — U =434 Bruker IFS 120 HR % VN, Z3fi#AE 0.03 cm™! C CSo/He IR AW D ik

AR DD O

. . B L7, InSb fR

A Vv %y oy v HEBSRE A

. s — 1 0o 1800-9500 em™ T
10000 - 3 10 9 75 E L

g ——9 ;3 csw%%%%%’@{m:\

£ a000. 1 —8 C DETEB NI
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2 —5 ____, overtone Av=2 /N R
- 4000 - 4 1 DFEHIFTINETO
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em! XV EW,

(B A~ RV L] K2 1B A7 S OB a4, dPAL a’llo & v i AR
HAEIL., #nZ, 49 cm’ 92 cm’! fcﬁ@‘(\ spin—uncoupling {Z X AIREEM] DIEE 1T/ X
VW, D ZAT 3 DD R 3As- 3T 2A0- 3T 3A - ST ™I SN D, X212 i3o@9%®2
DERLTND, GHRANZ FATI 326 K DA (Av=2 /N> K OFENT D> 1% 5 A7)
AGE L TWD, X2 OBLHIART SVITIFHET A A0 A, K1 IZR L72iEno N
Y RTIXERY BB Uo7z, LM LARMNG, 10 combination dlfferences EERETHI LI
I VIREAZED D Z LN TE 2, SAREETOAR —EIASZI/NE < 3As- STL Tl 2438
MEIZemo Tz, A= LT AN RTIRI N KREL 2D &/\5'175@%{5”?52% L CTOHy
THHTE, JRBEOMITIZ/R o7z, fTICB W CTEA I SAREED 3x3 1751 & °T1 8 L O
BN I A AT T SERRE D = R L X — DN WRENEN. 2 & A 72 = R L X — 118 xtHA ki
L sk, SAREEDITHIE T Brown et al. P DFBLZ -, B IREEM O AAEM I
overlap integral # LeRoy D71 77 ATHIHG > TtHE LT, 7—# & L ThHX 7z, ZHC
X 0EEFH O NRREIZR L CHAEMEHT 5 SIMREOEBOIRIMEN 2 GDDH Z LN TE T,
X 1 DRHITRL7ZZ#ER (Franck-Condon [K7 0.09 UL &) Zf#fT L7z, v=4 TiX T1& DA
HIEM A GHDHZ ENMEE 572, 3ODAEUESDEET ¢ v F THFERINRD HH
el LT, v=0 REBOFER D ZLITIIRT, (Y a2 lo)

Bi=0.6370067(92). A¢=-50.896°60), ho=4.461(35), Es=7848.971(86), a1—-49.8(1.9) cm’"

([FH2EE, Ay - HuEMHBEERER, AV - AV UHAERER,. =¥ — A=
FAMERERDNR) EIREMOHEAMEH TIXA Y - #uEfE B/EHOFEXA Iﬁ@fﬁ%ﬁﬂéﬁ
HRE <, ZOMAEHESIT overlap integral % [E L T\ 5 DT, RENRAEICHEKAT L7
UNEF7EA ) EERIT50-60 e OFIFHOAEIZ 72 > 72, ZAUTHW T2 overlap integral fEIZ 3517

DRAZEDN S LRV,

1) Sunanda et al. J. Mol.

Spectrosc. 361 (2019)
AP, v=2-0 'A,~°P[v=2-0 13.

005 Observed 2) Choe et al. J. Mol

= Spectrosc. 149 (1991)
35
g 185.
Kl
S o0l oo Wi 3) Bergeman et al. J.
E 9050 9100 9150 9200 |9250 9300 9350 94[00 9450 Mol. Spectrosc. 87
< 0104
-é i Calculated (1981) 119.
£ 0054 4) Kawaguchi, Deo, J.
E o

Mol. Spectrosc.

000 262(2019) 96.

%05 9100 9150 0200 9250 9300 350 o400 o450 ) Brownetal J.. Mol.
-1
Wavenumber (em ) Spectrosc. 124 (1987)
X2 d*A-a’ll v=2-0D#LH AT M)V EFHE AT L b 464
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Schrédinger Cat and Molecular Spectroscopy
(Ochanomizu U.,2 Yokohama City U.,> Kobe U.)
Tsuneo Hirano,? Umpei Nagashima,® Masaaki Babac

[Abstract] Taking Schrodinger Cat as a metaphor, we discussed how the vibrationally averaged
structure of a molecule is observed in molecular spectroscopy when we stand on the viewpoint of
observation.

TR, YV ab—F 4 A —ORTTN, R 5] OFOMRoTLE I N? 4
OFOHF (HR) & [Fex ] TR B LT T, Bl (25D Ladiud
HRATHEE TWDZ LZ2RMTE AN, EWVWH T EEZERLTWET, Bt (\»
OFEFIT 500 IR TRRIERNBEGEOND L NS Z&TT, BEFNIFOERLD
W2, TROBEWR] ZWiE a2 L3H 0 8 A,

FOHZFLdR T 5 ' )5 Tl KRB —Aff - e - AR TRLE T 5 (A#) DT,
KL RAEDRRSL Uy SOOI 2 L AENBIEA~ZTOREEZZEZ T E ET, oM
HF 213, AT T4 - (3] O2REDI L, ELLNDIREEIZ/R>TWV 5
ZEEMDET REOIGE) ., WO, FEHIT LN L > TERITES TEET,

DEFNF LT FOh O E EE XL X —] OREIZL > THd 7T, N[E
BrxnrX¥—] OWEIZL > THOF OGS FITREBEAEZXETH, BELTCLESTEST
DIRFEITER = 3L X — DEIZER A RN D T, FOIMIN DT & X EMICH DT D4y T
DEBTRVX—ZMD I EPRHRET, 7105 T L—F—DREBEIZZZ b
T ARG PEN TE D HBETT,

L AN 5T BBV —TCaMAI ET5L, MENEZYET, O
372 bR AR L TWET, 4T OREBZ NSO HD - fir] TEZDH L. [F
— 3 FITOWTHERE L 72 D DRERIITORENP LR RN E | 2D FRHTE S L LT
WDDOMEL 9 & L TWD O CTE 8 A, HIE LB Oy FHEE IS U E T
RF—ITIEMIZE D 2 & S HBRE T 25, JlE U 72BRc /o H13088 L7 IRIEBICATL C
LEH>DOT, EBETZAAX—OME (ZIVULEMICHRET) CTRIHED DX, D&
B L X —Txis L2 2r F- OBREHE G, S F 0 ARE LTV 5 EAERIREED B OB D K &
ETT, A=W TR LRI TOBERBE = XX —DRIENHEK L ND T, &
B (BIH) THONDOIE, IREICET A IEADK TR LD [E] OREITT,

WERD 5 T FOBEERIL. RO OIRAEZ LR 3 5 Bl e D T, B OEADFFZN
BNHHDE L THANLTHN TSI, Fx OFIEY . FOHOWM, 2F V4510
RIS X EN O IEAN X v L L TEMOFEIC BT 50 T & I L7 i
W72 0 £9, FEFHFPERC Coriolis D ST L7255 DFETY,
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INZBNTHEEIRDTLEIN? BMINLDIIH R LOEMDORE S/
DT, BRKIG T W TV OIREY A IE TR O JFUSIS RS Lo REEIZ 72 D L ITER Y
FHA, BETHIE, 1RO TIE, R LW OREBRRIF TN Z &I
720 £7, PerlJensen & (T, FAHAY 2008 FFLLRER L CTE /2 & TF [1-3], BAF, fif
HatRE) 2 FAIRE) L TOD AR TRITE 2551250 T, T8I WO A 2B HD
&L OIRENESIREIEIL E 9 22 5 2OV il L £ 797, FEFRFIIEEI 054 b RIEE T,

B ENBAE Y (x) TRLIR S D R A Sk 0 K LTI L 72356 OFEHEIX, &1 50
NI LU, ROV EEZRTEE BT 5 THIRHE) & L CEHRERET,

BHEm OER M, JJOER kDOARXZKFE B> T) BWEAEEIET,
REND Y 2 L—T ¢ A=A,

n2 0% p(x) 1
“om g T 200 = Ev@). ®

€ SR v =0 OENRIE Y, (x) 1%, un-signed x I[ZKHS LT [x OADEIZAR L), &
THE (RFDO0IE v=0),

V2 1
Vo = gz (-5 87), 0sE <) @
£ = j’;z x. (HEROTALIERD). @3)
EDHIFHE (E)01F. i IO S A2 B IR E AE L LT,
(€0 = Jimipg () (&) dE = [P (§) E(©) dg = . o)
t (X} === &= = 0.0628110 4\/; (A) . (5)

ZZT, JIOEE k DHALX En /A2, HEmOHE,LIT u (ie., g /mol) T,

DFEY |, FEELOEMN LB NET D8 Ba M i, FE LTREDD
DUBENTZE ZAIMEL TS LT TRZXD) 2 XD ET, E- T, [HiEEH L
L CHIE SN HIEVEREROEEE G R E COMTIE R RV ET, 2D, v alb—
T4 H—OR (ZZTIES1) OB RIREOZEA OFEIfE(x) X0 THHITNE, 5
DI DT 2\ ZE > TTABRREIC /2D 0D 2 & TH, WERD5 1 e OB IIF O
DORCEAT 2R T Lz, T8I LW OBEENE BT Tt P OEENLETH 5
EWoH Z T,

¥, ZAIRE) (curve-linear JEIE R TIIMERIRF DEEAIZ /2 5) OAIE. B)AD k 1%
Ey rad®, m (XTEPEREE 1 (WA?) . (0o DHALIX radian T, ZARENOLN A L OIREN
BEIEEu vz iz, BRI TMA-TRA D) Z 82 3 [1-3].

[1] T. Hirano, R. Okuda, U. Nagashima, P. Jensen, J. Mol. Spectrosc., 250, 33—43 (2008).

[2] T. Hirano, U. Nagashima, J. Mol. Spectrosc., 314, 35-47 (2015).
[3] T. Hirano, U. Nagashima, P. Jensen, J. Mol. Spectrosc., 343, 54—61 (2018).
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Precise Measurement of the v;Band of Methane and
Determination of Rotational Structure in the Vibrational Ground State
(AIST) Hiroyuki Sasada, Hajime Inaba, Sho Okubo

We measured 197 al lowed and 21 forbidden transition frequencies of the v; fundamental
band of methane from P(12) to R(8) with an uncertainty of two to seventeen kilohertz
using a difference-frequency-generation source, an enhanced-cavity absorption cell,
and an optical frequency comb. *® This paper presents that the tunable range of the
spectrometer has extended to the higher frequency and thereby 36 allowed and 31
forbidden transition frequencies of R(4) to R(12) have been precisely measured using
the similar apparatus. The forbidden transitions have allowed us to determine precise
combination differences of the vibrational ground state. We have improved the molecular
constants from the combination differences of the present and previous infrared works
together with the previous microwave measurements

BR3IZVOVEOERERREARIRBRIREILZANTAZ D OVv:ER/NNY FOEEFK
IESZEBAIL. TORBBEXRBARBILEAVTAIENS2~17kHzTRIEL TEfz, &
NETIZP(12) D BRB) DFBBH1I7AR, BHBBH2IAZHREL TSz, *VSE. ZREEN
BORRSBEZERRAICMHBEL., REEESL LIF. RU MNSRI2) DFREHI6KR, 2£HE
BIREFHICAE Lz CAOHSRBERKEDIVER—S3 VT I7LURER
H., CNETOFNERA IV OEDT—2 LHETHEFTL. P FERERFICRE LT

H1IXEBREEZRT ., KEL06 uméE 1. 58 umDFER L —F —DHIFEFIREPPLN T

inSb
~ - _____Brewstdr p7r4 PZT2  getoctor!
[N} 1

H The frequency v, ;.
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the frequency VLambbip *

Pound-Drever-Hall

1
1
I
| :
f_ceo frequency | '| servo " servo !
| controller| counter :| controller 10.7 MHz InSb ' controller 5.2 kHz !
| + detector | T |
X L ) :: g lock-in X
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1 1
X electric mixer OBPF i !
1
I
1
I
1

The frequency v,
******** is stabilized to it
the frequency v,y -

B1 ZERRDIE, OFC: BRI L, LD:FERL—F—, EOM:ESAFELRARF. FA: T
7AN—F 2T PPLN: B EAREGL iNbOs, OBPF:3t/N F/SR T 4 LR —, CEAC: #iREELIL
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EREBUER32 umBICEBRI W&, AF U EHALLARIRSBZEIVICAS, £IREKK
M3.2 ymAITHIRT D& S5 121. 58 umFE D EKREZPDHATHIEI L. & 5 IZEIFIRUNERD
DEREIC3.2 umAEDREREN—T D& S [CHBEIRBEIILORIRBRZHET 5, OB
D1.06 umA E1. 58 umAE DB Z B RBILTAHE L. R 1IZAEHKRD—EHETRT,
1.06 uMAERZENAYAGL——H 53 EHRL—HF—(CRY B X C. BAFKRZERRAIZ @
(XLTzo Flz. 106 yuMED T 7 A N—TF o THZEALT32 umAEDEEZE LT, EBIEF
E—A D MHIPNSOEFIBEOS/NEHE LTz, BEBOTENSIEEITEEDERETEDY.
2~22kHzTH 5,
x®1 BAELE-EBERHRO—E

transition transition frequency / MHz | HITRAN — ours / MHz
allowed R(10) F>( 93618 121.3874 (35)V -16.17
allowed R(12) A;@ 94 153 814.1417 (28) 1 21.42
forbidden R(12) Fo(W | 94 141 145.6532 (151) D -13.04

DAY ARDBIERFRR L -BIECR/NMIEMTR LE=THENS

AR VIEKABRIIBFE—A Y FEHFLGVDTERERANRY USSR TELRL, £7-.
FONEBBROERLE L <. REMEKREOHIEEEMN T LEM LT HHRNEFRERE
DLMEL, ZOEHRFEEREDIVER—2 30T 77 LU REBBIE=0IZIXEH]
BREFHALLZTNELESLEL, SEFLICEFSEBEIIRBAL, R2(12HE(TSMEEGEF
B =S 20BFEOT—2 LB THRBIEEKREOD FERZHE L1, v; = LIREIFIEIKEE
DIRBFEIEFWEBIEFNFBTEB 2 AORFAEDT—42 LBAEDLE S LIRBEE
KREDEME IRV —EZEHTES, INLDT—2F|(J+1)DARETDODRANS—IE4
B, ToVILEEEEOETINIIIN GNP UICEHADERIN_FETITI« v Lz, £
DIER. EAFDITHRVMEEREMT. 8kHzTT—2 BT 10O FERERE L=

x2 ERIEEREBODFEVRETROLI-DICFEF-T—4

T—RDiESE A | THEMNES /kHz | 2#£FLDBEF 2EMDA)
FNZFIEBM SRS | 52 5 ~ 28 & 0 ("=9~12) 17K
fzaveEx—23 Y 1 (’=3~11) 33K

TA477LUR 2 ('=4,7)2K
B S B FRFEH 1 1 R (F-E) 0 ('=2)
[BlEREEE B FMNEFE 8 40 ~ 50 2 0 ('=7,11,12)
IR ENEHEE B TFMWERS 15 5 ~ 14 2 0 ('=4~12)
U &:A-A, A-A, Fi-Fi, F-F, E-E 2 A-A, Fi-F, E-E
& Xk

a) S. Okubo, H. Nakayama. K. Iwakuni, H. Inaba, and H. Sasada, Opt. Express, vol. 19,
p. 23878 (2011).

b) M. Abe, K. Iwakuni, S. Okubo, and H. Sasada, J. Opt. Soc. Bvol. 30, p. 1027 (2013). ibid
vol. 36, p. 896 (2019).
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Observation of Millimeter—wave spectrum for D,~HCN
(Okayama Univ.?, Kyushu Univ.") Jian Tang®, Kensuke Harada’, Kentaro Kawaguchi®, Keiichi

Tanaka®

Although the H:—~HCN complex has been studied by infraed and microwave spectroscopy,
D2:-HCN was only studied by infrared spectroscopy. In this study, we observed the
millimeter-wave spectrum of para-D:—HCN which has a linear configuration for D2 at the
N end of HCN with a deeper potential well than ortho-D:—HCN has.

Ho-HCN 75 FE5ARITA~ U & 2 F 2 Wi TR O AR 6 22 KA ORI D 2 U 53 9,
kotzw U o5~ A 7 a5 O TSRS N TWS, A0 bk He (oHs) 13X HCN @ N 1f|
EAREE TS L. %7 He (pH2) 12 HCN @ H il T F4&E T+ %, oH:-HCN %
pH2 HCN XY 11.6 cm M BEWVFEAT R AT —D. = 195.2 cm™? & FF5 6, Do-HCN (ZOW\ T
U 5T 2R OARSN 3T oDe-HCN & pDe-HCN 23Sl S 7= 23, ZAHH O 7R4
J‘I:T % pD2-HCN 72 BRI ST b, ABFZETIE pDe-HCN O X U AT [ L% 7))
DT L 7= D THET 5,

RUA MIZEKE IV o amZ2 UM RFED ORI RKFICBHR LBV,
HCN(0.6%), D2(25%), Ne(75%) DIRA T A% 15 atm O LE T/ UL R ) Az FHWTHEE
WY = v HIZ De-HCN % ARk L7, KA OZRIN 55 9 CEMI S 7u7z pDe-HCN D45 1-7E
BaHWTTRIL7 U I ERER O BRI 1 GHz 2018 LU7cis g, TSRS S
#7200 MHz Bt 7= 355 CBLHI S 7= 3 KD 227 L% pDe~HCN o J=4-3, 5-4, 6-5 [A]
BB IIRIE LTz, RNV O IREAELER & ORIRENTIC LY . AR e B, D, H
BFH T,

pD2-HCN (% oH:-HCN & [AI£EIC HCN @ N i pDe 35S L7- B E 2 75, HCN O

H 2 oD 3fES L72 T FAEE 2 FF> oD:-HCN LV {EW D 23d 5, Xﬂ‘ﬁ':lj@ﬁ?% >t
TiE T P& 2 £F> pHa-HCN 5 L OV 0D2-HCN & L8l S Ze o723, 2 U6 98
FOVFT v A 7 a3t 9Tlid oHe-HCN & pH:-HCN O 3@l ST\ 5, KBS T
TlX oH2:pHe = 311, 0D2:pD2 = 2:1 ThH 5, oD2:~HCN (FHEE = R X =0/ N W T2 D RSN
BTN 1T LD, BUIFREE B 2 DNHD T, S%BIZEDL TETH D,
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NO; B 2E' —X 24, YRATL® LF 53
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Laser induced fluorescence spectroscopy of the NO; B 2E’ — X 24, system
- Dispersed fluorescence spectrum from the 3rd v4 level -

' E B
LEMIIKZE. FHRMEFHRER

Masaru Fukushima and Takashi Ishiwata
Faculty of Information Sciences, Hiroshima City University

The “NO; and 'SNO; isotopomers were generated in a supersonic free jet expansion, and
laser induced fluorescence ( LIF ) of the B 2E’ — X 2A), electronic transition was observed.
Dispersed LIF spectrum from the vibronic band at ~770 cm ™! above the vibrationless level has
been measured for the each isotopomer. The dispersed fluorescence ( DF ) spectrum has two
sets of the vibrational structure, the structure of which means that of the DF spectrum from the
vibrationless level reported in the previous report [ 1]; one of the two sets is the structure starting
from the excitation energy, and the other is that starting from the v, fundamental. It can be
concluded from the latter evidence that the fluorescent level has contribution of the v» mode.
In the previous study, it has been reported that the v4 progressions are one of the typical
characteristics of the vibrational structure of the DF spectrum from the vibrationless level. The
intensity distribution of the v4 progression in the latter structure of the present DF spectrum is
similar to that from the vibrationless level, while that of the former is drastically different from
that from the vibrationless level. Both of Jahn-Teller (J-T) and Renner-Teller (R-T) interactions
at the fluorescent B 2E’ state enable to interpret the intensity distributions both of the 14
progressions, in which relatively weak interactions are enough to reproduce the observed
distributions ( “weak” means here the magnitude of the interactions which can be treated as
perturbation ). The spectral intensity distribution analyses adopting the two vibronic couplings
suggest the fluorescent level at ~770 cm™' above the vibrationless level inthe B 2E' state is
the 3rd eigen state of the E vibronic levels for the 4 mode. The major component of the 3rd £
state is the |A = +1; v, = 2,1, = 0) basis function, i.e. the 2v4 (a1’) overtone of the B 2E’
state, which is a vibrationally a;” and is vibronically £’ level, and it is therefore concluded that
the major components of the fluorescent level are both 2 v4 (a:1’) overtone and v» fundamental
(Note this does not mean the level is the v» + 2w (a1’) combination level). In the vibrational
structure starting from the 1» fundamental, the 1» progression in the X 24, state has been

observed, and the v, structure has been analyzed according to the general procedure.

[B#R)] BRIFIL—Y—FEyA4%E (UF),. BEU. 28 HIBANESNE ( 2C-
R4WM ) ZFFALT.NO; B %E' —X 24, YATLDBRAZEDH TS, KAEERTIL,
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NO; B 2E' —X 24, PATLOEOREEMMNDS 770cm™ [FEBVIRIILF—IZHD
REEMMODTAIRDE DF) ARIMILERIEL. ZD v RBTAT LIV DRE
DEOBFMNS.B E' BEFREQIREHAEERICEATIMEEE .
[EER] EERFZELEE.BHESEBOIL (11,
[#58-E%] NO, OFMBEIZHD B %E' —X 24, EFEBORINARINLITIRE
NRWNTA—FTHLIIENRESNTEY [2]. LIF IERARIMILTHLRETH D,
“NO; & "NO; DEFNEFN 0+770 cm™', KU, 0+777 cm™ /AR D DF ARSI LIZIE,
0" NUEMBD DF ARIMLERLDIREMEEN 2 DRI TS, (LLTF. HI-£&E D DF
ARGRILE . FNFN 3rd v, BEE.0-0 ARGRLEES,) 2 DDIREMEEDSS.
—FIEHEIRILET—H5, A 760 cm™ FHEDNUEMSIEESIEE TH D, 760
cm FHEIZIE, v BEE.BEV. 2w (ar) & () DEELNEFEETHIHN, BEDIRENHE
B, NURIRILF—EBESMOMANE 0-0 ARIMLDEFNLEREGw AT L
2aVELTRHRATINTVSD T, CORBBEDEETHS 760 cm™ D/AVED vy BF
THAZLEFAYET . » ETLERINDS, COEREBEIL 3rd y ARIRLD 7 A HHEE
fIZlEw BEEORINEFENEZEERLTWAEKRSND, — A, COREE 2K
LT, RIBEDMEIRILF—DOIRFEIEETIE. CONIFIRILF—(F 0-0 RRIKML
DEEE—HTILDOD. EBENHIEELELY. 21 ~ADN\UEHARLEVNDHELD,
AWFETIE. B 2E' REED v E—FIZ Jahn-Teller (J-T), H LUV, Renner-Teller (R-T)
IREHEEERFEEEL.0-0 & 3rd vy ARIFMLOFIRBIRILEF—ISIBFEDIRIEES
BB IZERHT L=, ( KR A EIL. Barckholts & Miller DA% [3] LR TH DN, K
LHlIEING 2 DDHEEERE. REHMIZ, TREN. linear KU quadratic J-T EFFA
TLY5b, ZZTlE Hamiltonian M5 EEEEL TS, ) COIREMEE/EADEMNIL. IRENE
FOIRILF—EBEOEMTIELEL BASN v TOJLI 3V OBERHZERYT
5855.2 DDIREHEEEADESHZF. ETIVGHEICKVHEETLSFETHS. COETIL
SHETIE.X 24, & B PE RED w RTUIvIL. BEU. REDD FEEES
liERE. DFY. Av, # 0 BIE®D Franck—Condon factor & 0 (DFEY. 1, =1,". 8LV
L/ #1," D, ENTh, Kva, L'lve, L/ # 0. 8K, Ky, Llvy, L)*=0) &L,
ETIVEELE: BAOKER. BAlShfzw TRJL av0BENRERLB(ERY
50D, (1) MAEERE. AINLEBELTRYRZADEEIT/NINIE LK. (2) 3rd w
ARGRILD B *E' REDTAHEMIE. v E—FOFEIBBEOEHRETHY. TD
FRAIE A=11; v, =21, =0). DFY. 2w (ar’) BETHDHIE. BMERINT=,
fERELT. (1) EOREIEERMADS 770cm™ [FEBVIRILF—DIRBEMDERS
X, B2EEw E—FOFE 3 BEOEERETHS 2w (o) BETHS.(2) 4 2E"
REELRFR [4]. B °E' REDIRBHEEAE. LEAM/NSL, D 2 DHFLNT=,
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FTMW Spectroscopy of the '*O-Substituted Tropolone
(Kyushu Univ., NYCU) oKeiichi Tanaka, Kensuke Harada, Yasuki Endo

Abstract Tunneling-rotation spectrum of the '®O-substitutes of tropolone has been observed by FTMW
spectroscopy to determine the tunneling splitting AEge = 50437.3264 (12) MHz for the "*0-89 species
together with the tunneling- rotation interaction constants Fj; and F, to be compared with those for the

B3 C-substitutes such as the 13C-S, -46, -37, and -12 species and also the normal species.

The difference in the zero point energy (ZE) Ago between the '*0-8 and -9 configurations has been
determined to be 1.404 cm™ from the tunneling splitting of AEgy= 1.68241 cm™ to be consistent with that
given by B3LYP calculation. The tunneling-rotation interaction constants Fgo = 9.224 MHz and F, = 12.56
MHz are well explained in terms of the state mixing due to the proton tunneling. The large intensity
perturbations for the spectral lines were observed due to the "*O-substitution and the tunneling effect.
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Energy Levels Near the Dissociation Limit and Intermolecular Potential of He-DCN.
Kensuke HARADA, Akira TSUKAMOTO, and Keiichi TANAKA (Kyushu University)

We have measured the internal rotation bands of the He-DCN complex by millimeter-wave absorption
spectroscopy combined with a pulsed-jet expansion technique and reported the potential energy surface
(PES) to reproduce the observed transition frequencies. In the present study, we have extended the
measurement to the transitions to the levels near the dissociation limit (Do) of He-DCN. Energies from the
ground state of all bound states and one of quasi-bound state have been determined by millimeter-wave
spectroscopy. The long range potential parameters obtained by the PES fitted to the observed transition

frequencies are consistent with the theoretical and empirical long range parameters of He-HCN.

—

cmel | DI He+DCN(=1)

[FF#%] He-DCN (FHid T <G L
f:ﬁj\%ﬁgﬁg (Do =9 cm‘l)”(“ DCN %Bﬁ?\ Do He +DCN(j=0) 1

A ST EB E LTV 5, | , T
112 He-DCN 0= % L ¥ —Hefir & E |~z T I
T, j 1% DCN OWNEREIHR 0D ) & [ | x
(TR AR OO [EIE D f E B e, J 1T A A
HBEEART, FTaIT I E THEE
HEDIAET G =1-0) &BRVIIURG |
=2 - 1) OEB (BEH) 2VEHL 40 vl
HICEOBRI LT, 12

<
Stk
PN
=N

1l
—ro
—o
w\. [N
~

5
\

He-DCN

Il
=)

ARFIETIL, & D ICHRBER AT
DER (M1, RKRED 2 ICREL,
ZHUZEY He-DCN D FHIART v ¥ % (mik OEEHHEE TEATHRERSIRELZDT
W 2,

[32Bk] DCN% 0.3% & TeHe W AZILIE18 atm T/ LAY =y b/ XS FLTZ, 220 GHz %
TOIVWEZE ., ZEMMOLFREANTEE RS =k
RGN 10 RS, Y=y I AR LT He-DCN T=6
PR OMIENHS K OSBRSS 12 LD W 2 @I L 7
7o. SEROBEERIREIL 3K RETHD, Hl

1. He-DCN D L —YENT S EHER

[BRISNFZAIV] K1 IZHRBETRT 8 KD
ESAAN] BILT, ZHUSED 6 > OfAE S D UE
e (K1, FRAR) ZHICRLE,

TIVETICBRSNIZHERL DN 4 DIXfEEEIRE Do
&0 BICHFET 5, 2T O FFEIZE D, B HEAIT - - -
(=17 OEAFETHEZOND elf-T7IVEFRFON, e UG o il
EfERN R T LT — (1) HORIACLD elf-T-ovix B2 MERRER (=6—5.j=0)



m-misono
L27


SERDFRBER LIRS LD, 6> T YT -18
(3 Dy (He+DCN j=0) ~EEESTD, £ oy CCSD(T)/pVTZ
WAL IER 22 BERR Y Dy (He+DCN j=1) &
~fRBET D,

BLISITZ 3 DOMERLIE Dy D EICHFET
HEMERLTHY MOLS (PRBHE) 1T, 6l
Dy D LITHAET DR ER e ThHDHH
Moot 212 78.46 GHz THIHIS

=22+

IHIEERER (I=6—5, j=0) %73, %% -30+ “He-DCN

By 77— k586 0.5 MHz #FfH | N , , ,

BoBRmE LBy s O = W B i
TIIBLHIS N2 o7, 3. T WIARTL YL MEP Wi

[fEATEBE] WEL- 36 ROEBEREZMITL, 5 FHRT v VR, 0) ZRELTZ, R

(T He & DCN O HLHEERAE, 0 (X DCN L EEADE & DT HETH 5, N7 >3 v /VIREA DI

HETE & 35 PR (Coo~Cos) DT AVEI 10 fH 2RO 7o, MM OIEER 1L 170 kHz ThH D, IREL

7o EBEE Cu « 77205 R"Pi(cos ) DIR¥EL

(Coo~Cr3) %3 1ITRTHA HMOM D EE) %K 1. Long range potential parameters (au)

RIREMR L B —8T 2,
3 |2 MEP (Minimum Energy Path) (Z{h > 72 He-DCN He-HCN REE

V(R, 0) OWrifi% <7, He-DCN [TH8/ M7 &

C, 16.88(18) 16.558(26) 14.973
S % A = : 77 ) \\ S
TEBMBE (0=0) 2R HAFAEx T+ ¢, 5.77026) 5.320(61) 3.77
De 1X 3097 em™! T, JLERAENS D Do IE
el emrt T, FARIED DO Dol c,  27.50(45) 26.343(67) 25.967
9.56 cm™! Tb %, BO Tl TlX De DL H fii &
c 14.9(31) 14.31(97) 10.685

—HTDITTTHLN, HFoie DEOMI 73
HfEXLY 0.8cem™ [FE/EV, Z X HDCN
oy Doy FNIREN 2 L L7272 & bl b,
HfETIX, o FEMMEOBIEIREE (e = 1) EBERRF Do LU FICEIH S 4172233, D FETITR
OB oTz, L L, MEEERRAHID j=1=2, J=0 ¥ O BIREEE, Bk Fm~K& <A
Do T-HESREEJE & £, He & DCN O HE.LMHHEL 4.8 ATHY, FLICIRE =0) kb 0.5 AR
W EEEIRNE 1.2 AR ECIREED 2 5 TH D, ZHUTNEEIFROF 2 FhElREE (G =2) IZhEIRE)
DI IREE(s=1) B 29%EA L TVWE7DTHD,

B 1AM TRT =0, 1= J=6 ML e-T VIVEFFD, e-HEN OEEERA Do @ 0.212 cm™!
FichH D, LinL, ZOWEN~DEBE) 78.46 GHz fHIK T, il OEER v 77— O #jE 0.50 MHz
THUIEZ (K 2), Z OWENITE O T L) S LT R R RE THHZ LN hoTz, 72
OBEROFMERFFHLN FLEIZEY He—-DCN — He+DCN, j =0 Lfif#fEd 2, Lol YT -
2329 cm™! LEWEOITHERN O AT 0.7 msec LR, ARIEIZ 0.2 kHz O TR ELNE 2720,

1). J&HE - FES - |, o FRFERERE, 3D05 (2007).
2). JEH - Eb e L SFeigES (2011). 3). R - Hd . 4 eargESs, L13 (2021).



