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Program
\May 13, 2016 (Friday)\ Venue: H345, Ookayama Campus, Tokyo Institute of Technology
10:00-10:05 Opening Remarks

[Chair: Takahiro Oyama]
10:05-10:25 L1 Masakazu Nakajima (Univ. Tokyo)
“Observation of the X229+(v = 4-6) levels of the C, anion”
10:25-10:45 L2 Sakae lwano, Yoshiyuki Kawashima, Eizi Hirota (Kanagawa Inst.Tech./ Grad.
Univ. Adv. Studies)
“FTMW spectroscopy of N,—ES and N,—DMS complexes”

10:45-11:05 L3 Koichi M.T. Yamada, Stephen C Ross, Fumiyuki Ito (AIST/ UNB)
“3C-substituted Cq,":Predictions of the rotational spectra”
11:05-11:05 BREAK

[Chair: Yasuhiro Ohshima]
11:15-11:55 S1 Haruka Maeda (Aoyama Gakuin Univ.)
“Nondispersing Rydberg Wave Packets” (Invited)
11:55-13:20 BREAK
[Chair: Hideto Kanamori]
13:20-14:10 S2 Kentaro Somiya (Tokyo Institute of Technology)
“Gravitational wave detector” (Invited)

14:00-14:10 BREAK
[Chair: Masakazu Nakajima]
14:10-14:30 L4 Mitsunori Araki, Shuro Takano, Nami Sakai, Satoshi Yamamoto, Takahiro Oyama,
Nobuhiko Kuze, Koichi Tsukiyama (Tokyo University of Science/ Nihon University/
The Institute of Physical and Chemical Research (RIKEN)/ The University of
Tokyo/ Sophia University)

“The precise observations of the *C isotopic abundance ratios of carbon chain
molecule HC;3N in the low-mass star forming region L1527 by radio observations”
14:30-14:50 L5 K. Kawaguchi, S. Muller, J. H. Black, T. Amano (Okayama Univ./ Onsala Obs./
Univ. of Waterloo)
“ALMA observations of fluorine-bearing molecules at redshift z=0.89 toward PKS
1830-211”
14:50 15:05 L6 S. Yu, B. J. Drouin, J. C. Pearson, T. Amano (Jet Propulsion Laboratory/California
Institute of Technology/ Univ. of Waterloo)
“A Combined Dunham Analysis of the Rotational and Electronic Transitions of
CH": Revisiting the A-doubling in the A'IT State”
15:05-15:25 BREAK
[Chair: Akiko Nishiyamal
15:25-15:45 L7 Shinji Kuroda, Takumi Nakano, Shunji Kasahara (Kobe Univ.)



15:45-16:05

16:05-16:25

16:25-16:40

16:40-17:00

17:00-17:20

17:20-17:40

17:40-18:00

18:30-

“High-resolution laser spectroscopy of the S1«S; transition of fluorene"

L8 Masaaki Baba (Kyoto Univ.)

“Electronic and vibrational structures in the S; and S, states of coronene by

high-resolution spectroscopy

L9 Michihiro Hirata, Shunji Kasahara, Kohei Tada, Takashi Ishiwata, Eizi Hirota
(Kobe Univ./ Hiroshima City Univ./ The Grad. Univ. for Adv. Studies)
“High-resolution laser spectroscopy of NO; radical; B-X transition 15900 cm’™
band”

BREAK
[Chair: Mitsunori Araki]
L10 Masaru Fukushima, Takashi Ishiwata, Eizi Hirota (Hiroshima City University/

Graduate University for Advanced Studies)
“2C-R4WM spectroscopy of NO3”
L11 Sachi Kunishige (Kyoto Univ.)
“Determination of electronic, vibrational and rotational structures of deuterated

benzenes.”

L12 Young Wook Yoon, Sang Kuk Lee (Pusan National University)
“Vibronic Spectroscopy of Chlorofluorobenzyl Radicals Generated in Corona
Discharge”

L13 Nikesh S. Dattani, MichaL Tomza, Giovanni Limanni (Kyoto University, Oxford

University/ICFO Institut de Ciencies Fotonique/Max Planck Institute for Solid
State Researchs)
“‘An Improved Empirical Potential for The Highly Multi-Reference Sextuply
Bonded Transition Metal Benchamrk Molecule Cry”
DINNER PARTY

\May 14, 2016 (Saturday)\ Venue: H345, Ookayama Campus, Tokyo Institute of Technology

09:30-09:50

09:50-10:10

10:10-10:30

10:30-10:45

[Chair: Masaru Fukushimal]
L14 Itaru Kurusu, Reona Yagi, Yasutoshi Kasahara, Haruki Ishikawa (Kitasato Univ.)
“Temperature effect on the microscopic hydration structures of phenol cation”
L15 Ryota Kato, Haruki Ishikawa (Kitasato Univ.)
“Double resonance facilitated decomposition of emission spectra”
L16 Nikesh S. Dattani, Sandeep Sharma, Ali Alavi (Kyoto University, Oxford
University/ Cambridge University,Max Planck Institute For Solid State Research)

“Full ClI Benchmark Potentials For The 6e” System Li, with a CBS Extrapolation
From aug-cc-pCV5Z and aug-cc-pCV6Z Basis Sets Using FCIQMC and DMRG”
BREAK



10:45-11:05

11:05-11:25

11:25-11:45

11:45-12:05

12:05-13:30

13:30-13:50

13:50-14:10

14:10-14:30

14:30-14:40

14:40-15:00

15:00-15:20

15:20-15:40

15:40-

[Chair: Yoshihiro Sumiyoshi]
L17 Jian Tang, Kentarou Kawaguchi(Department of Chemistry, Faculty of Science,
Okayama University)
“Calculation for the vibration frequencies and intensities for the NO; radical with
program packages”
L18 Hiroyuki Kawasaki, Hideto Kanamori (Tokyo Institute of Technology)

“Pump-probe spectroscopy of CHzF-(ortho-H,), clusters in solid p-H,”
L19 Yuta Aiba (Department of Physics, Tokyo Instutute of Technology)
“IR-IR double resonance by using two color pumped OPO LASER”
L20 Shoko OKUDA, Hiroyuki SASADA (Keio Univ.)
“Extensive Measurements of Permanent Electric Dipole Moments of Methane”
BREAK

[Chair: Jian Tang]
L21 Kaori Kobayashi, Nami Horinouchi (Univ. Toyama)

“Microwave spectroscopy of isoxazole”
L22 Hiroyuki Ozeki, Satoshi Todaka, Hiroto Ihara, Rio Miyahara, Kaori Kobayashi,
Masatoshi Ohishi (Toho Univ./ Toyama Univ./ NAOJ)
“MW-spectroscopy of Hydantoin”

L23 Keiichi Tanaka, Kensuke Harada, Eizi Hirota ( Kyushu University/ Institute for

Molecular Science)
“Submillimeterwave spectroscopy of Allene in the degenerate vibrational states”
BREAK
[Chair: Shoma Hoshino]
L24 Kazuki Nakashima, Akiko Nishiyama, Masatoshi Misono (Fukuoka Univ./ Univ. of

Electro-Communications)
“High resolution spectroscopy of higher vibronic band of naphthalene referenced
to an optical frequency comb”
L25 Akiko Nishiyama, Akihumi Asahara, Satoru Yoshida, Yoshiaki Nakajima, Kaoru
Minoshima (UEC/ JST/ ERATO Intelligent Optical Synthesizer (10S)/ JSPS)
“Application of the Dual Comb Spectroscopy to High-Resolution Spectroscopy
of Rubidium Atom”
L26 Sho Okubo, Kana Iwakuni, Koichi M. T. Yamada, Hajime Inaba, Atsushi Onae,
Feng-Lei Hong, Hiroyuki Sasada (NMIJ AIST/ Keio Univ/ EMRI AIST/
Yokohama National Univ.)

“Ortho-para dependence of pressure broadening coefficient observed in the C,H,
vi+v3 band by dual-comb spectroscopy”
Concluding Remarks
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Observation of the X% (v = 4 — 6) levels of the C; anion
(Univ. Tokyo) Masakazu Nakajima

Excitation spectra of the (2,4), (3,5), and (4,6) bands of C,~ were observed for the BZZZ -X 22:, system
by laser-induced fluorescence spectroscopy. Spin-doublets were clearly resolved for high N transitions in
the spectra. The v =4 and 5 levels of the X 22;: state were first observed in this study, and the term
energy of the X 22;:(1) =6) level was experimentally determined for the first time. The determined
vibrational term energies and rotational constants for the X 2Z);:(v =4-6) levels are consistent with

those predicted from the reported Dunham coefficients.
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FTMW spectroscopy on the N,-ES and N,-DMS complexes
(Kanagawa Inst. Tech.?, Grad. Univ. Advanced Studies®)
Sakae Iwano®, Yoshiyuki Kawashima® Eizi Hirota”

The ground-state rotational spectra of the nitrogen molecule-ethylene sulfide (N,-ES) and nitrogen
molecule-dimethyl sulfide (N,-DMS) complexes were investigated by Fourier transform microwave
spectroscopy.  The rotational spectra were observed for the normal, °N,, and NN species of both
the complexes; the b-type transitions of the N,-ES and the c-type transitions of the N,-DMS were
assigned. We concluded that the N, moiety was located in the plane perpendicular to the C-S-C plane
and bisecting the CSC angle of the ES or DMS. The distances R, between the centers of mass of the
constituents were determined to be 3.817 and 3.803 A for N,-ES and N,-DMS, respectively. The
potential barrier V; obtained for the ortho and para states of the >N,-DMS was 741 (10) cm™.

(FF) EEERICE T30 FRADHEMZHLMNIT S50, AHEOEVLF: TFLY
¥ FEOC). TFLURILE F(ES). PAFILI—TFTIL(DME), DA FILRILE K (DMS)
ERU, IO EFHRA,.CO Ny, CO,ED2DFEEKRE D) IEHT AU O (FTMW)
DHRZEIZEYRMMITHELTE ., P N, D FEESTEATIE. ThETIC NFEOY &
No-DME IZDWTDHERE|ME LTz, §E. NES 5L U N,-DMS FEAZERY £(F, BERA R
9 FILEBRIE - BB LI-OTHRET %,

[3EE&] THER®D ES % 5 LME DMS 0.5%% 1.5%MD N, EEE L. ZILdUTHRLE, BE%E
3~5 REE LT, 5~25GHz DER#FEEZ 0.25MHz EIZ 20 MFEE L T, #F5IL1=, HBEA
EIEFEE A% 100~1000 TIT 271z, PN FEH KLU NN F2I PN & “N DAY 50% D F v FRxHD
FOHABERNWTRARY MLBIEFET2 1=,

[5t%] N,-ES & N,-DMS SEAD 7 FEE % . Gaussian09 % ALY MP2/6-311++G(d,p) LNJLT
HE Lz, RBIEEETIE. B 1@)&EDOITRLIzEL ST, NrES & N,-DMS SEEE £, N,
DFILES O DMS ODEFRFFm@E CSC IZxt L TEEICEM LTS, N, 3 FEEORMEIE
N,-ES Tl a-b &E. N,-DMS Tl a-cETH S,

b N

Fig.1 (a) and (b) Molecular structures of the N»-ES and N,-DMS, respectively.

(FERLEER] 1. Ny ESDRRY ML BHASKERIEN S, ESDEERXRLE ZORE
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9048MHz IZ 3 ADRUNIEERH L. BIEZAIL b N-ES sk, #E%/X5 N,—ESIZREL
2o EDIZEFDMD b BB EIRE LA, hfs NEHTD T, ®N-ES $EAEEICERY LIF
BT EE LT PNy-ES AT H REHRIZ. 8952MHz & & U 8954MHz [Z 15,000 B ZAIE L.
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15 Fig.2 (a)
NZ-ES(ortho)
15 .
NN-ES(inner)

15 15
N,-ES(para) NN-ES(outer)

N_-ES(ortho)
N,-ES(para)

8945 8965 8985 9005 9025 9045 / MHz

15 15 .
N,-DMS(ortho) NN-DMS(inner) Fig.2 (b)

15 “NN-DMS(outer)
N,-DMS(para) N,-DMS(para) N,-DMS(ortho)

6900 6920 6940 6960 6980 7000 7020 7040 | MHz

Fig.2 (a) and (b) Observed spectra of the J = 1«0 transitions for the N,-ES and the N,-DMS, respectively.

®N,-DMS D K,=2 £ &K U 3 DBFSIL. DMS D 2 D A FIILEAMEERIC KL > THHLTH
BlEntz, COREMD VaEFIL R E/RTT 741 (10) cm™ ERD 1=, A FILE NI A ERfEEE
V3 [&. DMS B{RD 752.57(84) cm™, $B{LUEE{K Ar-DMS O 736.17(32) cm™, CO-DMS @) 745.5(30)
emt EHRT KL BPUIfETH > 1=,

NBO DR, HLUBARZEHO TERMBIICLIIXTELIRILF—CT (ZAE,) &
BIRLF—EDMICIZFRWEEDSH S Z Lh DM o1z,

[3z#k] VY. Kawashima, A. Sato, Y. Orita, and E. Hirota, J. Phys. Chem. A 116, 1224 (2012).
2'Y. Kawashima and E. Hirota, J. Phys. Chem. A 117, 13855 (2013).
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(PEXBHF = ,UNB®) OLUH#FF— =2+ Stephen C. Ross®« FEELZ ®

B3C-substituted Cq,": Predictions of the rotational spectra
(AIST?, UNBP) Koichi MT Yamada®, Stephen C Ross”, Fumiyuki Ito®

1. Introduction

On the basis of laboratory spectra
using mass-selected He-tagging
spectroscopy, Maier and coworkers
recently [1] reported that two diffuse
interstellar bands can be assigned to the
Ceo' ion. Stimulated by their work we
consider the possibility of high
resolution spectroscopy of Cg'. The
Ceo’ ion is spherical and rotational
transitions are therefore not expected.
However, if one carbon atom is
substituted by *3C the centre of mass
will no longer coincide with the centre
of charge and we expect a sizable
dipole moment and thus the possibility 4 I | | | | | | |
of rotational spectroscopy in the MW 4 3 -2 -1 0 1 2 3 4
region. We denote singly substituted Figure 1. View of Cg" along a Cs axis. Scales in
species as 13'Cg. Because Cg is A, “Axial” atoms are shown by solid diamonds
composed of 60 carbon atoms the number  (¢), “satellite” atoms by open diamonds (),
density of 13'Cg in natural abundance is “ring” atoms by open circles (O), and
comparable with that of the normal
species. It is therefore worth predicting
the rotational spectrum of 13'Cqgo".

“equatorial” atoms by solid circles (®).

2. The rotational constants and the dipole-moment of 13* Cg;*: 11, Model

Due to the very large number of electrons in this system it is reasonable to assume that the
structure of the Cgo" ion (Fig.1) is not very different from that of neutral Cgq of I, symmetry.
Because the positions of each carbon atom are equivalent in this assumption, the 13'Cg," ion
is a prolate symmetric-top. The predicted rotational constants are A=82.98 MHz and B=82.81
MHz. From the shift of the center-of-mass due to the isotope substitution the dipole moment
can easily be calculated to be 0.006 D.

3. The rotational constants and the dipole-moment of 13'Cg;*: Dsq Model

In 1990 Ceulemans and Fowler [2] pointed out that the structure of the Cg" ion may be
distorted by the Jahn-Teller effect. In fact the matrix isolation spectra of Ce* by Kern et al. [3]
indicate that in its ground electronic state the ion is of Dsy symmetry. By calculating the
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structure using Density Function Theory (DFT) with the B3LYP functional we found that the
locations of the 60 carbon atoms can be classified into four categories by their distance, R,
from the center of mass. These categories are illustrated in Fig. 1. The 10 atoms of the two
pentagons containing the Cs-axis have the largest value of R. We denote these as *“axial”
atoms and pentagons. In Fig. 1 the axial-atoms are show by solid diamonds. The 10 atoms
directly connected to the axial-pentagons have the second largest value of R. We denote these
as “satellite” atoms and they are shown by the open diamonds. The 20 atoms of the satellite
hexagons which belong to neither “axis” nor “satellite” sets are of medium R and we denote
them “ring” atoms and show them by open circles. Finally, the remaining 20 atoms have the
shortest R and are shown by the solid circles in Fig. 1. Due to their locations we denote these
as “equatorial” atoms.

The singly substituted ions, 13'Cg", can therefore be classified into four categories
depending on which class of atom is substituted. Furthermore, 13'Cg" is an asymmetric-top
either without symmetry, i.e. of C;-symmetry (chiral), or of Cs-symmetry with a symmetry
plane passing through the substituted carbon atom.

The predicted rotational constants, symmetry, and dipole-moments for singly substituted
Ceo are given in Table 1.

Table 1: Rotational constants predicted for 13'Cgo" (Model Dsg) by DFT (B3LYP)
for each radius category of the substituted carbont

category axis satellite ring equator
symmetry Cs Cs Cy Cy
Number 10 10 20 20
RIA 3.57 3.56 3.55 3.53
A/MHz 84.2 84.1 84.1 84.1
B/MHz 83.1 83.2 83.2 83.3
C/MHz 83.1 83.1 83.1 83.1
Ha/D 0.005 0.004 0.003 0.001
/D 0.002 0.003 0.004 0.005
u/D 0% 0% 0.000 0.000

t The dipole moments are predicted from the shift of the center-of-mass due to isotopic
substitution.
1 Vanish by symmetry.
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Nondispersing Rydberg Wave Packets
(Aoyama Gakuin Univ.) Haruka Maeda

When exposed to a weak, near resonant microwave field, Rydberg atoms are evolved into
what are so-called “non-dispersing” Rydberg wave packets (NDWP). Electron motion of
the NDWP is phase—locked to the driving field, and they retain the periodical motion
for times in excess of a few us. In the present talk we will report a simple physical
picture of what the NDWP is and then a few simple experimental demonstration of coherent
control of Rydberg atoms (and molecules) by making use of forced synchronization of
electron motion with the microwave fields.

MERIEHKISY A U O % Rydberg [RFICHRETH LITK>TERSN S Rydberg KR
[, EXDTO—FND FRNALAL—F—Zd 50 THESNS BED] RREFEL
YIEFIRFGTHY., TAIE—LIVRIZHLTANR FTHD I EWVWS R ZEHD, KHE
TREBLGVEROFH. RUENZFALEEONIDREF (2F) OEFHIEHOHLE
ERNT D,

BF - DFEZHEMRICL—TF—LEDAE—LY FERKEZHAVWTERINSZEFRED
EHZSEICHET IREBEOREOCEMOBIEIE. BEF (- 9F) OEFHHEITS LT—
DDEEED,

TJO0—FNAY FOENIVAL—F—FRAVTEREINS TEBED) RFERITV 1A%
BEntz&., 7—O RTUoIvIILhE TBHIZ) BT 5286, AEMLDEEIZK-T
ERFEOSBICENTLES L WS HEZEFED, —A. MBLAHRKIEYA( Y OK%E Rydberg
RFICEHEHTEIEICE>TERSINSHEMLLALNKERRTIE, ¥4 7 BIRICHEFBIZGIAERE
HEINE-BFMN, < EL 50,000 @ (~ 3 ps) b, BUEEET 2BFHABRBSIIATS
U, CORIZLTERSNEERATIE—LURIZHLTANR FTHDHZ EMNEIBAL 1=
[1,2], SO ELZFIALIz, HRERLBEVWRFEROEFAEY [3] ~DOIEADAREHE [4]
TENERSINTULD,

T, EFORFICMHERPREEZFAT 5 L TRFONTIRILF—DHIEHOEFE
B, AEHSREOHMEAZENTRETHD I ENERNICEIISNTH Y., REGZREICE
D ZEFRFOREHELEE., PFADRAITEBINATNS [6]l, AFEETIEIHRHBLE
VNERRICEAT SEREGYME. RUE., ThZFALEZEROZEONDEF (9F) OEFHIE
ERBROFIEEEBNT S,

SEHR

[1] H.Maeda and T.F. Gallagher, PRL 92, 133004 (2004).
[2] H.Maeda and T.F. Gallagher, PRA 75, 033410 (2007).
[3] E.A. Shapiro et al., PRL 98, 050501 (2007).

[4] J. Ahn et al., Science 287, 463 (2000).

[5] J.H.Kim et al., PRA 63, 043420 (2001).
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Gravitational wave detector
(Tokyo Institute of Technology®) OKentaro Somiya®

A gravitational wave is a spacetime ripple caused by a massive astronomical event
| ike a blackhole merger or a supernova explosion. The existence of the wave was predicted
by Albert Einstein based on his famous General Relativity in 1916 and was observed for
the first time in 2015 using two large scale laser—interferometric telescope LIGO in
the US. Japanese and European detectors (KAGRA and Virgo, respectively) are to join
the observation in the next 2-3 years to establish the global gravitational-wave network
that enables more frequent observation and more accurate localization of the sources

The sensitivity of each detector is at last determined by three fundamental noise
sources, which are seismic motion of the ground, Brownian motion of the mirrors and
suspensions, and quantum fluctuation of photons. Each detector employs different
techniques to suppress the influence of those noise sources, and the strain sensitivity
is as good as 10724 (1/rtHz).While the other two detectors use somewhat conventional
techniques, the Japanese KAGRA employs more advanced techniques, namely (i) underground
facility, (ii) cryogenics operation, and (iii) quantum non-demolition. With those
advanced techniques, the sensitivity of KAGRA will be even better than that of LIGO
at around 100Hz where the detectors are most sensitive to the compact binary star
inspirals.

In the lecture, I will explain what kind of techniques are used to achieve such a
high sensitivity. 1 will also show the audience the current status of the Japanese
detector KAGRA that is currently under development.

EARFINCFICTA V1834 UNFELEREDESTRTHD, FENDEEZ 100
F#iE L1 2015 FIZIE, KEOD LIGO BHBFICE Y. TI VI R—ILEENLDENKHIE
BEh, WEWK IO L ENRRXXEZOREMEMEI S E LTS, BAERD KAGRA & R
DVirgod 2, IFELAICIFERBICMHOBIFT T, £53605ELYELDEARIRAEND
FHTIEAEL . -4 5ORBEII- LD EENDBDHTELTTREE D,

EARBRHEFE, BHAL—YF—ZRAVEERE 3-4kn O 7LV VF B ELGOTH
Y. TORER, HMERE. BME. EFHE. £0D 3 DOREMGHETICEI > THIRS
nd, EEOREBEIELGDIFRICLIYMBOERZITLE>THY. REBODEAARY b
WEEEIRLIVWEEEFETI0ODIA TR 22U FENAREHINTIVS, BAD KAGRA (X, F
B ERZHMTICRET 4 - & THERBZER. THHOAFRFE 20K OBEEIZ/HE
THLELTRHMETZER. LOBNEZFALELEFFHEICLY —MBOFHTEFHEEE
BT DTFTETHD. o DERMIRRDFRHFETELBEASATOVLEVREGDRMTHY .
100Hz fETIX LIGO Z LR S BRENRAFTE S,

ARFETIE, 10 DVAFR 24 REVSBRUGBREZRRT S-OICHARSNI-cFS
FHERMICOVTERAL., RWARERT D KAGRA DIKRIZDNTENT B,
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The precise observations of the '3C isotopic abundance ratios of carbon chain
molecule HC:N in the low-mass star forming region L1527 by radio observations
Mitsunori Araki', Shuro Takano?, Nami Sakai®, Satoshi Yamamoto*, Takahiro Oyama®,

Nobuhiko Kuze®, and Koichi Tsukiyama'
' Tokyo University of Science, 2 Nihon University, ® The Institute of Physical and Chemical
Research (RIKEN), # The University of Tokyo, ® Sophia University

We observed the three *C isotopic species of HCsN in a warm carbon-chain chemistry (WCCC)
region, the low-mass star-forming region L1527, with the high signal-to-noise ratios using Green Bank
100 m telescope and Nobeyama 45 m telescope to explore the production scheme of HCs3N. The
spectral lines of the J = 54, 9-8, 10-9, and 12—11 transitions in the 44-109 GHz region were
measured to determine isotopic abundance ratios. The abundance of the normal species HCCCN was
determined from the line intensities of the weak hyperfine components of the J = 54 transition. The
isotopic abundance ratios were precisely determined to be 1.00 : 1.01 £ 0.03 : 1.35+ 0.04 : 86.4 + 2.2
for [H*CCCN] : [HC"®CCN] : [HCC*CN] : [HCCCN]. It was found that the abundance of H*CCCN
is equal to that of HC'3CCN, and it was suggested that HC3N is mainly formed by the reaction scheme
via C;H, and CoH," in L1527.

[FF] REafRESES FI1E. B XA TEL FICRSIREDFE =ZDVEETH 5 &\ b1,
ZORELITTZI—L Iy, Znbid, BMEEETINETEIHAINTELN, &
D (LD E A FARTEDFEAE L7 BB CH A SN TE TN D, ZOREHFN, KEE
RIERE L1527 TH 5H[1],

REFRFEH S TOREHETHLT /R A COERHE#E S LT .GH, 50T CH'
225 HCN VERKT 5 “TIRFERCEMME 2, BEREAETEZT ARG TV S,

C,H,* + HCN — HC;NH' + H (1)
C,H, + HCNH* — HC:;NH" + H» 2)
C,H, + CN — HC;N + H 3)

Bz, BEERESE TMC-1 ClE HGN (22 C BC [RINZARTEDRIE D & Z OFEREANIE & 2\ 7 -
TWA[2], UL, 2FREE COMMITI STl TNEED T-DI2IE, PC FRNLR
FHEEROEEOEHWVBRINLETH S, TZ T, Fxld, KbEWYT VRIAThHD
HC:N ORI ARFE R 2B IOEE Lz, £ LT, TOAEMMEEEHEE LT,

[#13]] 42-44 GHz D J=5-4 MBI, 100m 7'V — 307 Oz > CRLl &2
1T72o72, 2015452 2 — XU NZbT- 1 | FER 43 BRI OB Z 17720, 4% BC RIMLIRRRIZ B U
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T, SN =33-44 P C& e (K1 b)), £72, FENORERE (O FORENRE) %
RETDHDIC, L0 EWEERERE J=10-9 &£ 9-8 DHIEE, i1l 45m B Limsiz A
TITo 7,

(55 & £%8] HCCPON 2o\, [R#ER J = 54, 9-8, 109 OFENME (Twe) ZHD
TR L. bR A 12,1 K R, HEE (FER) OEMIE. ZohEiRELE T
T ORNARFEZ#EH L7z,

By 7 HCCON 1E, FBIEIREE N8 < LA MITIEVW =0, HEWINASE - v, BEONREL
RKDlz< v, L, 200 1F0%E, KbMEORNT A (M1 ) X, R
HAERIZ X S F = 6-5, 54,43 D7 L2 KT 4 T, ZTOWANITRENZD 1/73
ThdHF=44L55D7 14 PHET D, Al b 28T LnTE (M1 T4E
) o TALHBITHFNCHEN D, B TOHBELZ EMICKRD L Z N TE T, HohkE
BEREX, 4 BC RNRE Bl FORIO L OEH 2 ATREIZ LTz,

ZORER, FNAIFAE &b &

[HCCCN] : [HC*CCN] : [HCC'*CN] : [HCCCN] =

1.00:1.01 £0.03:1.35+0.04:86.4£2.2
ERETE 2, b L. FERERN, HGN & BCH 12 & 5 RNLAASH S TR D b Tz &
T5 &,

[H*CCCN] < [HC'*CCN] < [HCCPCN]
ERDITT THLHN, ZHIIAEIORER LITRR D, Lo T, TROENMEFIERELIL, [
NARZHAS S & D b O TidZevy, HPCCCN & HCBCON OFAEENE LW Enn, K
HEEPETEK L1527 TH ., HGN X RBAEHE (BUS(D)~3) IZX>TERL TSI &
MR IS,

0.104 j=54 H®CCCN | 0104 j=54 HC”CCN
E‘ 0.05 0.05
m
%k
=2 000/ 0.00] /Mﬂv—m
0.05 : : : : 0.05 : : . :
3 0 5 10 15 3 0 5 10 15
0.20 : 0.20]
J=5-4 =54
oSy by 0.15]
M o0 24 0.10
g
B 005 1 F=5-5 0.05
0.00] 0 0.00]
s 0 5 10 15 s 0 5 10 15 5 0 5 10 15
VLSR km/s VLSR km/s VL - km/s

B4 1., HCN D% BC FINLED J=5-4 REEERIZIIT 5 T A LoREE (Bl XA L)
SE X

[1] Sakai, N., Sakai, T., Hirota, T., & Yamamoto, S. 2008, ApJ, 672, 371.

[2] Takano, S., Masuda, A., Hirahara, Y., et al. 1998, A&A, 329, 1156.
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ALMA observations of fluorine-bearing molecules at redshift z=0.89
toward the quasar PKS 1830-211
(Okayama Univ.?, Onsala Obs.”, Chalmers Univ. Technology®,Univ. of Waterloo®) Kentarou
Kawaguchi?®, Sebastien Muller®, John H. Black®, and Takayoshi Amano®

ALMA BREZFEZAVEFARBRAESR (FEE PKS1830-211, z(ANA)=0.89 F K # &
118927 3) TH HF, CFD&HE. HF DEEICOVWTHRET S, BAlICKYBLON=2F
DHEEEI D 7 Vv RILEVDILEERR FEELLL[CF)/[HF, [HFJ/[CFIZDWTERL. £
FARBBTIE HLIOA LY BENERBITE. FEEL[HF)/[HLIKVIe N F & Cl OFH
BEELL U6 MDBRLE>TLWADIEXEICERRIEDENZLDE LT,

Among fluorine containing molecules, HF is chemically stable and is found to be ubiquitousin
interstellar space by Herschel observations. CF* was first detected in 2005 and later recognized as a
significant molecule in diffuse molecular clouds. However, the ion has not been detected in
extragal actic sources. Pure rotational transitions of H,F" were searched in Galacti ¢ clouds, but not
detected.! The present paper reports detections of pure rotational transitions of HF J=1-0, CF" J=2-1
and search for HyF" 150-1¢; at ared-shifted cloud (z=AN/A=0.89) toward the quasar PK S 1830-211
with the Atacama Large Millimeter/submillimeter Array (ALMA). The transition frequencies of HF
(1232 GHz) and H,F" (782 GHz) are not observable from ground based tel escopes because of
atmospheric absorption. So we observed the highly red-shifted cloud, where the original frequency
becomes 1/1.89, and the object has the radial velocity of 0.56 times the speed of light estimated from
the relativistic Doppler formula. So far many molecules have been detected in the cloud toward PKS
1830-211, as reported by Muller et al.?

ALMA observations were carried out on 2014 Aug. and 2015 May. HF and CF" were detected as
shown in Figs. 1 and 2. The abundances (column densities) of HF and CF" have been determined to
be >3.4 x 10" cm? and 5.5 x 10” cm™, respectively, where the lower limit is given for HF from the
saturated line shape. H,F" has not been detected, so we estimated the upper limit abundance of theion
to be <8.8x10™ cm?.,

The ionization energies of F atom and HF are higher than that of H, so these species are not
ionized in (diffuse) clouds. The reaction of F and H, produces HF, which is subjected to two main
decay channelsin the cloud, (1) reaction with C* to produce CF" (2) reaction with Hs" to produce
H,F". By considering the production and decay (recombination reaction with electron) processes, the
abundance ratio of H,F" and CF is given in steady state as follows,

HoF+]  ky(HoF )k (CF*)[HF]

(O -
_p k(CEOmE] | (]

)
[CFF] ~ % (CF)k, (H,F)[C7] k(LFH)[CT] ¢



mizuse
タイプライターテキスト
L05


where the k; and k. are the formation and the recombination rate constant with electron, and electron
density is assumed to be equal to carbon. The Hs" ion has not been observed in the present source, so
the abundance was estimated by using the cosmic ray ionization rate of {=2x10"° s. Thus H,F"
abundance was estimated to be 3.5 % of CF", that is, 1.9x10™ cm® which is about 1/4 of the present
upper limit.

In the present observation, H,Cl™ ortho line was also detected, giving the column density of 9.1 x
10" cm® and [H2F/[H,CI*] = 1/16. Since the cosmic abundance ratio of of F and Cl is 1/6, the
observed smaller abundance is thought to be due to difference in the formation mechanisms of two
ions. In the case of H2Cl*, there are two kinds of formation routes, (i) CI" + Hy— HCI™ + H,
HCI* + Hy — HoCI* + H, (i) HCI + H3" — H,CI" +H
(i) isdue to the fact that ionization energies of Cl and HCI are smaller than that of H. The
present result indicates that major formation route for H,CI™ is through HCI™. In fact the HCI™
ion has been detected in diffuse clouds.

K. Kawaguchi et al. Mol. Spectrosc. Symposium, 2014, Tokyo, and Apd in press, 2016
2S. Muller et al. A&A, 535, 103 (2011)

Fig. 1 Observed absorption of HF
and H20 toward PKS 1830-211.
The SW image has been divided
by that toward the NE image

Continuum

Line

SW/NE
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Heliocentric velocity (z=0.88582, km/s)
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Fig. 2 A part of observed ALMA spectra toward PKS 1830-211 SW (upper) and
NE (lower) cloud
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A Combined Dunham Analysis of the Rotational and Electronic Transitions of CH™":
Revisiting the A-doubling in the A'Il State

Shanshan Yu, Brian J. Drouin, and John C. Pearson,
Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA

TAKAYOSHI AMANO*T
Department of Chemistry, University of Waterloo, Waterloo, ON, Canada N2L 3G1

Introduction

The J = 1 — 0 lines of '2CHt and *CH* and the
J=1-0and J = 2—1 lines of 12CD" were observed in
the laboratory [? ? ]. More recently several THz transi-
tions were detected with a JPL. THz spectrometer based
on frequency multiplication technique [? ]. Still number
of lines available from pure rotational transitions is lim-
ited, so the conventional analysis to determine the spec-
troscopic parameters has not been quite successful. One
way of alleviating this difficulty is employing a Dunham
analysis of all the available data.

Before the successful laboratory detection of the J =
1 — 0 transition of CHT, a Dunham analysis of the
AT — XY+ band was carried out by Miiller, and as-
tronomically important predictions of the pure rotational
transition frequencies were made [? |. See references con-
cerning some historical development of both astronomical
and laboratory measurements of CHY cited in Ref. [? |].
In this investigation, the newly obtained rotational lines
are incorporated in addition to the electronic data in the
Dunham analysis.

Observation of THz lines

The experiment was performed at Jet Propulsion Lab-
oratory (JPL) by using the JPL THz spectrometer. THz
radiation sources are frequency multiplier chains devel-
oped at JPL or purchased from Virginia Diodes. For
production of CHT, an extended negative glow discharge
in a gas mixture of CHy ( ~ 0.5 mTorr) diluted in He
(~ 60 mTorr) was used. The optimum discharge current
was about 15 mA and the axial magnetic field of 160
Gauss was applied. The discharge cell was cooled down
to liquid nitrogen temperature.

Analysis

The vibration-rotation energy of diatomic molecules is
expressed as

E(v,J) = hYi(v+1/2)F[J(J+1) =A%), (1)

where Yj; are the Dunham coefficients that depend on
the masses. Watson formulated the mass dependences of

*Present address: Jet Propulsion Laboratory, California Institute
of Technology
TElectronic address: tamano@jpl.nasa.gov

the Dunham coefficients [? |].

Y, = Ma(k+2l)/2Ukl{1 + meAY /M, +m AY /M), (2)

where m, is the mass of electron, M, and M, are the
masses of atoms a and b, respectively. pc is the charge
modified reduced mass defined

He = MaMb/(Ma + Mb - C’me), (3)
where C' is the charge number, for CHt C = 1.
In the analysis, the pure rotational transitions in the

? | were subject to the least squares fitting to determine
the mass independent Dunham coefficients.

In the fitting, how to treat the A-doubling needs an
additional consideration. The A-doubling splittings in 'II
electronic states have been expressed as +(1/2)qJ(J +1)
in most investigations. However, it should be noted that
the e-levels of 'II state interact with 'S1 states, while
the f-levels with !X~ states. For CH™T, the e-levels of
AT are pushed upward largely from the interaction with
the ground X'+ state. The !X~ states are not known
experimentally, and they, if any, should lie high over the
AMI state.

In general, there may be several 'Y states to interact
with the ATl states, and the “A-doubling” energy term
is given,

Er =
Ea

+(1/2)gJ(J + 1) for e levels (4)
—(1/2)¢'J(J + 1) for f levels, (5)

where ¢ and ¢’ are defined as

<A=1L | A=0;'3ZF(%) > |?
0= e ©

, ) A_1L A=0;'% 2
¢ = 4B Z|< | ?))E(Alé)b'.(?)

The electric dipole transitions are allowed between the
levels of opposite parity. The P- and R-branches oc-
cur between the e-levels and between the f-levels, and
the @-branch transitions are allowed between e- and f-
levels. Therefore, in principle, B, ¢, and ¢’ in the excited
state cannot be determined independently. If no low-
lying !X~ electronic states exist, as ab initio calculations
suggest, the ¢’ term could be negligible. If the rotational
constant obtained from the A — X band by neglecting
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TABLE I: Mass independent Dunham parameters determined
by a least-squares fit of the pure rotational and electronic
A'TI — X'S7T transitions (in MHz).

AT state XT2F state

Uoi  331611.5(173) 397355.0(28)

Uo2 -50.005(185) -36.758(42)

Uos -0.00169(40) 0.00228(50)

Uoa 0.00014(24) 0.00014(24)

Uio 5.380881x107(121) 8.268447x107(157)

Ui -24597.9(116) -13387.3(119)

Uia -3.126(169) 0.987(122)

Uss 0.000284(76) -0.00154(58)

Uso -3.04946x 10°(107) -1.65652x10°(131)

Uz -617.3(49) 83.0(65)

Usz 0.473(53) -0.128(52)

Uss -0.000389(24) 0.00048(27)

Uso 4.80x10%(40) 7.60x10°(50)

Us 126.84(63) -3.09(105)

Uao 7951.(48) -191.(61)
Unn AY -1.4867x10°(189) -3.6697x10°(42)
U2 AL, 5.4x10%(31) 8.73x107%(39)
Uo Al -2.0466x10%(83) -1.3155%x10%(93)
UnAfl 1.012x10%(55) 1.093x10%(57)
U AL 7.53x10%(27) -2.01x105(30)
Un AS) -8.1x10°(29) -3.1616x10°(62)
UioA$, 8.46x107(133) -7.6x107(21)

Uno 7.2353307 x10%(147)
Uoo AT 7.4063x108(85)
Uoo Ay -1.77x10%(31)

“The numbers in parentheses indicate the standard
deviation from the fits in the last digits shown.

the contributions from the interaction with 'Y~ states
agrees with the one determined from the pure rotational
spectra in the ground state, the assumption that the ¢’
term was negligible could be verified. In this analysis,
only the @-branch transitions of the A — X band system
are included in the least-squares analysis by neglecting
the A-doubling.

Results and Discussion

The mass independent parameters have been obtained
as listed in Table I. It is somewhat difficult to grasp the

meaning of these mass independent Dunham parameters.
It is more intuitive to convert back to the Yy, coefficients
for each isotopologue, and further to the conventional
spectroscopic parameters. From these parameters, as
shown in Table II, the conventional spectroscopic param-
eters are derived for each isotopologue. The molecular
constants obtained from the conventional fits are listed
in Table III for comparison. From the Dunham fit, the
higher-order centrifugal distortion constant, H, was not
determined very well, and the accuracy of B and D is not
as good as the one obtained from the conventional indi-
vidual fit. The Dunham fit is sometimes difficult, and the
Dunham coefficients determined need careful scrutiny. In
this analysis of CHT, the agreement between the two sets
of constants is reasonable.

TABLE II: Derived spectroscopic constants for '2CH™ and its
isotopologues (in MHz).

120H+ IBCH+ 12CD+
B, 417652.0(28)  415190.3(28)  226785.35(110)
Do 41.417(42) 40.925(42) 12.157(10)
Hy 0.0018(31) 0.0018(31) 0.00033(49)

TABLE III: Molecular constants for CH' and its isotopo-
logues determined with the conventional energy expression®
(in MHz).

ZCcHT BCHT Zcp*

B, 417651.536(23)  415189.9201(199) 226785.2370(85)
Do 41.4062(27) 40.9521(62) 12.15398(128)

Hy 0.003699(55) 0.00589(39) 0.000561(47)

“The fits were carried out with the 0-0 band of the A — X
system in addition to the rotational lines.

With these Dunham coefficients, the transition fre-
quencies for the vibration-rotation band can be calcu-
lated with improved accuracy. These results should be
useful for determining the potential energy curves of this
fundamental ion [? ].

[1] T. Amano. Astrophys. J., 716, L1-L3 (2010).

[2] T. Amano. J. Chem. Phys., 133, 244305 (2010).

[3] S. Yu, B. J. Drouin, J. C. Pearson, and T. Amano. In
The 70th International Symposium on Molecular Spec-
troscopy, Paper RD06, Urbana-Champaign, IL, USA
(2015).

[4] H. P. S. Miiller. Astron. Astrophys., 514, L6-L9 (2010).

[5] J. K. G. Watson. J. Mol. Spectrosc., 80, 411-421 (1980).
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[10] Z. Bembenek, H. Cisak, and R. Kepa. J. Phys. B., 20,
6197-6205 (1987).

[11] Z. Bembenek. J. Mol. Spectrosc., 182,439-443 (1997).

[12] Y. S. Cho and R. J. Le Roy. J. Chem. Phys., 144, 024311
(2016).
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High-resolution laser spectroscopy of the S;<S; transition of fluorene
(Graduate School of Science, Kobe Univ.? MPRC, Kobe Univ.®)
Shinji Kuroda? Takumi Nakano? Shunji Kasahara®®

Rotationally-resolved high resolution fluorescence excitation spectra of the Si< So
transition have been observed for fluorene. Sub-Doppler excitation spectra were
measured by crossing a single-mode UV laser beam perpendicularly to a collimated
molecular beam. For the 0-0 band, more than 1200 rotational lines were assigned, and
the molecular constants were determined with high accuracy. The observed spectrum was

good agreement with the calculated spectrum from the determined molecular constants.

[FFlHako B L —F— a2 R E L@ VX —

BB EEBRZAT O & | B hERIEICH 5 5y 1 2 BIEEH £ T 2 %
BEL CHIIT 2 2 L3 TE B, B S EESROBANED S ‘»‘Jj f 92
R FHETOVTORBA B ON, FEEEROME - H Q. a o

JE - BRIE 72 & D FE D O IT R EIREEIZ 31T 2 IREERIFE ALE IS ?
BT 2R BGE DD, IR T OETFRERIE T, N
HAHA(IC) P 22 22(1SC). 43 FINIREN B0 B (IVR) 72 & DR RE
WAREERARSD Z ENMLNTRY, TFEF7X LoD SHRIETEORIEL — P —/ )t 5HE
BROFER D CIREBRIAEAEERIZET 2@mA R I TWAD[1], ZalcxLT7 et L (M
1) D S1—SeBRIZOWTIE, LLT.Yi HIZ& o> T ONDIRE NV R TR OMAE N
7R SNTWA[2], IREEMA BEERICEET 2 AIEGE LTy, 22T, AL CiE”
LT LD S—SBRIZHONWT, ERIEARY MLOB & BT L A 2T M L2l
DB EAT > T2,

X 1. 7)VF L ORE

[328R] YEIRIZIT Nd*:YVO, L — ¥ —(Coherent Verdi-V10)Ehie DH—F — N EAIE@AE L
— B — (Coherent CR699-29) % HI V7=, Z O H J1 0t % 55 2 Wk @ 38 I 38 48 ] A6 50 4 48 28
(SpectraPhysics WavetrainSC)IZ A L C, H—F— N L —H — (= 2 /L ¥ —IiF 2 MHz, H
7130 mW) & 157, THIRD 7 /LA L il (Nakalai 98%)% & — % — T 110°C £ THEL L THRKR
L, ThAIUFARLEEQICEZEZRICERSE, AFv—(¢2mm)E A Y v M1 mm)IiZHET
Z LT, WHEF ORI o Ty FR AT, SR E AL — AR EZET ¥ =N T
R, ZETORRY 7D DR E B FHEEFICL > TRE LT, o FolEES)
BRI D Ny 77 —@2 M2 omafeaotiiE 2A~7 M A8 L., &6, 5 e
L—W— DA IR E SN EBRAIC L > TG E 0.94 T ETHIMML T, A7 MO
B X5 H B LT,


mizuse
タイプライターテキスト
L07


(R EEBLR] Bllllshl-ort Ly
D S1<=SeiER 000 /3 2 K D i oy ez e
b AT SV E K 2 IR (N R
Uy 1337755 em!), [AIHEHROBRNE I
BLE2S MHz ThoTz, 7V F LD
0-0 /N> ROHOEFFANIE 15.6 ns & G S
ALTH Y [3]. FmEiL 10 MHz & B
T&E D, TOH, 580 @ 15 MHz 13+
KRB Ry 77— ICERT L EE X
BILD, K 2A)DANRT NLDIRE—
D5 IP QR A IRIR T H Z LN TE,
BEBBE—A L FORE N afilll AT TH
% a-type BRE(EBERAIAK=0, AJ=0,
TD)THDHZ ENghote, RRA~Y
MLOEHAEEILZ 8K THY | L.T.Yi b
WHRAE LTV D AT b Lo Rl
2.8 K IZHAT, HERRENE L o> T
W5, ZD, [ERE N K E 726
ok CEEERZBHTE, LV E< DE
R 2 IRIE T 5 Z LW TE 12, T OfE
B 1200 AL EORESRAZIRE TS Z &
IR L. 3 FERZ @GR CIRET
LZENTER, WE Ly FERER
LIZRT, ZHOOEBITIT.Yi bR
HELTVWDHIEE RN —HEZRLTWVD,
WE LT FEENLFHE LT A7 |k
B 2R LT, 72, B E 094 T
FII L7z 0-0 /N RO AT MV b ELHI
Lic, 772V EOREGHG ST
D S1—SeIBRIZ DWW T S2IRAE & D J-L
coupling |2 &> TN —~ IR
BEHSN TS, SRIOTVF LD
Si<=So EHORETIL, TDOLX I 72E—
~ VIR IFBH S o T,

[References]

MWMWMWWW

33774 33775 33776 33777
o rexn) X
[TITrT T T 11T IrTTT T T TImImTTTT
(B) | I A | Calc.
oA N ™M \
. "V‘\,"“v“ VW, , f |
noA | 1A A J A% Via A
"J I‘\ AN ,"J v \'"A‘\,’: A ALS AN A oW Y,
T - . Obs.
™V, AMA [
[ A AN AR A\ VAN
(AL 4o Y \
T T T T T 1
33775.4 33775.5

Wavenumber/cm?

2. (AL 7 AL v D S1e—So iR 0-0 N RO

I FRREH L A X2 L (Obs.) & PRTE L 725

ED S

%

HE LAY bv(Cale. [BIERIEE 8 K,

FEAMNE 40 MHz & L72), (B)iX ¢@ LD —DfE

BZYLR LT AT RV EZ DR

So S1
Alcm?) 0.072511(46) | 0.070065(46)
B 0.0195696(15) | 0.0197923(15)
C 0.0154670(11) | 0.0154914(11)
K -0.85616 -0.84238
1a(10-*6 kgm?) 38.605 39.953
Ip 143.042 141.433
Il 180.984 180.697
A=lc-la-1p -0.663 -0.689
vo(cm'd) 33775.5377(2)
standard deviation(cm?) 0.0003
fitted lines 1281

F 1. WE LT S1—So iR 0-0 N> ROy EE

[1] K. Yoshida, Y. Semba, S. Kasahara, T. Yamanaka, M. Baba, J.Chem. Phys. 130, 194304 (2009)
[2]J. T. Yi, L. Alvarez-Valtierra, D. W. Pratt, J. Chem. Phys. 124, 244302 (2006)
[3] A. R. Auty, A. C. Jones, D. Phillips, J. Chem. Soc. Faraday Trans. 2, 82, 1219 (1986)
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Electronic and vibrational structures in the S, and S, states of
coronene by high-resolution laser spectroscopy
(Kyoto Univ.) Masaaki Baba

We observed fluorescence excitation spectra and dispersed fluorescence spectra of
jet—cooled coronene-h;, and —d;,. The results were consistent with the six—fold symmetric
planar molecular structure (Dg,). The electonic, vibrational and rotational level
structures will be discussed on the basis of the results of theoretical calculations.

[F]l oaxrid. 6 DDORVEVREZRKICERE LE-HEH L9 F
THEEE, XEERBERT CE2F(EFmE 6 Bxt#E (D) THD
CEMNREINTVED . FEDEBEARD S HFEHFZE TIE 2 BIxIFF
[CHESTWVWAIEERBEINTEY . [RIKIILAS FIT DL TOFMAL
HARNVNEETHD, SEFEAILX. BEED vy bROIORUHFD
[FUOREARY FILELUSEUITWLERARY FLEZEREICREEL.
REBEDBITEIT o1z, HBRMIZIEX. D FOXRFEIZDOVTDRE
HIZREERLE I o NGEA o 1-hY, D DIBETH S LIRTE LI-BITERIL. ERBREFELLA
Motz CCTREHZDOHERZTRL, NI OR VD FDOEF. RE). BEEIRILF—EEIC
DWTERT Do

[RE] HED 3 A% -y, &-dp & 180CITMBL H1 20X 08F0E

He HRAERBLT/NILAR/ AL EZR(TES L.
BERC Ty FEERT D, CNITHNILAL—F =3 o4 . %

ZRELTHESN=DFhoDFLNEZEEL, L

A ROREETILSET. FORRRERRY L g:# igy
ERE L, £ BEOREAY RKIIL—F—%n " e
EEEEEL. AIRHKBNIonPEOERNTHE o ) *{ﬁ?
FOERRY MLEBE L, KRICE, TF7— {3? T
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200 mJ) MEDKETEBEL —F — (Lambda 7 ‘c»moaéQ?%
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[(fEREEE] ' Py

M1k, EFtPERAECEONAEIORDSH g b :
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High-resolution laser spectroscopy of NOs radical; B-X transition 15900 cm™ band
(Kobe Univ?, Hiroshima City Univ’, The Grad. Univ. for Adv. Studi8s
Michihiro Hirataf, Shunji KasahafaKohei Tadd Takashi Ishiwafa Eizi Hirote

NG; radical is one of the important models for underding the intramolecular interactions in
polyatomic radical species. Recently, we observée totationally-resolved high-resolution
fluorescence excitation spectra of N&dound 15100 cthand analyzed the vibronic interaction of
0—0 band oB-X transition [1, 2]. In this study, we focused oa thansition to the vibrationally excited
B?E’ state around 15900 c¢imand observed the rotationally-resolved high-resmiufluorescence
excitation spectra of N£n 15890-15920 crh More than 2000 rotational lines, which seemellae
less regularity, were observed in this region. Thes observed the Zeeman splitting of the rotationa
lines to assign clearly. We assigned a part ofdkegional lines based on the observed Zeemartisglit
patterns and the combination difference from thmred molecular constants of the ground state [3].
We found several vibronic bands in this region,chiare similar to the-60 band.

[F] NO3 7 ¥ h 2l 3 DDOEFIRRE(X2A,, A%E", BE)RNFMHEL TV AHERM LT
5o ZIH 3ODBEIREBITAVIAHANER Z#E Z 324, NOs X Jahn-Tellergh 72 & DR HE
MFE AAEH OfF &0 5 BLE D BBLERE W - CTh 5, THF, Y7 —7 D% H B B-X &
 0—0 /32 F(~15100 cm) D & 5 fiFREHE Lt A =27 RV 28 L, B IRREDE AAEHIZB
THHRAEGETND[L, 2, BE. Tk L 15900 cmt (L DiEE /N> RIZEH L, IREEDEIR
HECO T VX — A IEI L ONRREMIAR AAEH O 23 T 5, ARAFZETIE, #i7zic
15890-15920 cm® &y iRREHOGIEIAE A= 7 R L OB 24TV, LLRTICELN L 7= 15860-15890
cmt & PR T AREIRRE D 4y 1 E 3] & A\ 7= combination differencé: Zeemaniy o X X —
YD EESROIFIR AT o7, Bl SN —EOREROIFBICKII L, 0—0 /3 RTOHE
R L RIBRIC Z OFIICITEBOIRE N RRGFEL TV L EEMHR Lo THRET 5,

[5E88] LTI Nd: YVO, L —¥ —(Coherent, Verdi-V10ji » §i—F— R EAIZE 3 Y
> 7' L—#—(Coherent CR699-29{#1E 1 MHz)% H\ 7=, #kt& LT N.Os 2V, —5CT
NoOs K& & Ar ZIRE S, /NILR ) ANVNHLEZET ¥ U R—NERICEH S 72, LR )
AV DI FRE LT B — 4 — T NoOs 29 300CIZMEA L, NOs D E5i#(N20s—NOs+NOy)
IZE > TNOsERAESE, BAELEZNOIT AT~ —(EL 2mm)e AU v MlE 1 mm)Z &
STHHET B ORG24 FRRE L, FeE L= —HEELSELIETRNy 77— RIC
L DMMEDIEN Y 2 ) SHT, 2L D [BEHEER E Tl L 7@ o fERE s YR A~
cVZEAST-, B S - AR OMIEIX 30 MHZ IR E CTh o 7=, £7-. Zeemany LD HIE D
BRI R L L — Y — D EIZRE LI~ L ARV a A VICEREZTR L, B a4k
SE/, ARL—F—O—HMEZEAL, NOs DEILHE A7 kL &[RRI JE B EC E1
THEA L DBENAF = T DRy T T —T7 ) —RINART "V ERET 5 H T, Mokt
¥4 0.0001 et OFSE THE LT-,
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[fER & E2E] NOs D BIREEDIRENFIIRIE~DER TH 5 15890-15920 chDFEIKIZF U
T, [EHEHEE CHBE LT m o fERES b A~ MV EBIRI L=, Z ofikiZ: 2000424 E
DOEEERBBH S, L OOEE NS FE LTRSS L0 RSN L < | FEREICEME R
AT MVTHDHENS T, ZHIEZ0—00 RERBEDMHI TH Y . EEOIRE N R
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AR ORFESRT /AT, BB O [FEEEE 2 RIS 2HNS0 | 2Epd =05~
DEBTHD LIRBHKIZ, ZDOX 512 T, Do 0.0247 et DR Z 52 2 AHRHIZD
WCHIRBEIT o7, IRBEZITo TR O B S AV BIITIT 2B e & Elan BFAEL TV
DEENGY N T2, FEFRTIE LLANCHIE L 7= 15860-15890 crhd fEHE & (-t CTIRE 24T - 7o %k
REBET D,
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[1] K. Tada, W. Kashihara, M. Baba, T. IshiwataHirota, and S. Kasahard,Chem. Phys., 141, 184307 (2014)
[2] K. Tada, T. Ishiwata, E. Hirota, and S. Kasahar#&jol. Spectrosc., 321, 23 (2016)
[3] K. Kawaguchi, T. Ishiwata, E. Hirota, and laffakaChem. Phys., 231, 193 (1998)
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2C-R4WM spectroscopy of the B 2E’ — X 2A,’ transition of NO;

BE B AE £ . EARAE?
VIRETA-ER. BEFX

Masaru Fukushima®, Takashi Ishiwata®, and Eizi Hirota®
YHiroshima City University, ?The Graduate University for Advances Studies

We have generated NO3 from pyrolysis of N,Os following supersonic free jet expansion,
and carried out two color resonant four wave mixing ( 2C-R4WM ) spectroscopy of the B °E’
— X 2A” electronic transition. One laser was fixed to pump NOj3 to a ro-vibronic level of the

B E’ state, and the other laser ( probe ) was scanned across two levels of the X 2A,’
electronic state lying at 1051 and 1492 cm™, the v; (&' ) and vs ( €' ) fundamentals,
respectively. The 2C-R4WM spectra have unexpected back-ground signal of NO3 ( stray
signal due to experimental set-up is also detected ) similar to laser induced fluorescence
( LIF) excitation spectrum of the 0-0 band, although the back-ground signal was not expected
in considering the 2C-R4WM scheme. Despite the back-ground interference, we have
observed two peaks at 1051.61 and 1055.29 cm™ in the v, region of the spectrum, and the
frequencies agree with the two bands, 1051.2 and 1055.3 cm™, of our relatively higher
resolution dispersed fluorescence spectrum, the former of which has been assigned to the v;
fundamental. Band width of both peaks, ~ 0.2 cm™, is broader than the double of our
experimental spectral-resolution, 0.04 cm™ ( because this experiment is double resonance
spectroscopy ), and the 1051.61 cm™ peak is attributed to a Q branch band head ( a line-like Q
branch ) of the v; fundamental. The other branches are suspected to be hidden in noise of
the back-ground signal. The 1055.29 cm™ peak is also attributed to a Q band head. The
2C-R4WM spectrum of the 1492 cm™ band region suggests an a;' vibrational level present at 1499.79
cm™, which is consistent with our dispersed fluorescence spectrum.

HAZIE NO, B °E’ — X *Ay BBROE—IRELMANSD DT A NRARTIL DR
ZELT.RE X °Ay EFREQRSELEDMAZEDOTLVD, ChET. AT £
I v IREVECMBHODARIMNLEFTERCGRELIZECA, fEK, B—LEBE I TL
= vi EFREEEHIC2ODIRENENEETHEEHSHNICLE: [1]. Thib2D0
NURIERDADDEHEELD, (1) 2DDNANVFDSED—AF v, ITRESND,(2) Z
D v, NRIZEBEEFFEDRBRES TR (v ("NOy < vy (PNO,) ) =T, (3) b ADH
F=IZERBIINF=/\URIX "NO, Tl vi EBENVFOBEIRILT—AIZEETEIDIZH
LT. "NO, TIHMEIRILF—RIHFET D, @) F=GNAURIE v BEENURELEL
25BNV EBREEEZEL D, CNoDHERMNS . BAIXZOFHLIRENVRIEEXT (ar)
REBEM~ADEBTHY.3 v (&' ) BR~ADEBIZRESINSLERLIZ. —A.
Stanton (&, CDMEHICIE v; (&' ) BEAFETHEHEICKYFRILTLNS, ZD vy
HEEFMEFIIMA T, H AL 1500 cm-1 FEEOARIRLEBRIELTLNS [1], COfEEIC
(X, FHDIIZEY 1492 &£ 1499 cm-1 [THYDUEED . FNFN ¢ & 2’ #ELHNE
BlEN TS [2, 3] M. TAHARIRILTIEEBEBOADE RIS TWS [1], §EH.
2C-R4WM %4¥ti% ( Two Color Resonant Four Wave Mixing Spectroscopy ) ZHULVT. L
—HF—DRBREETARIMLEAET B EIZKY ., ZDRBEHEDEBRMHELTE A A=,

S[EM 2C-RAWM TlE. 18D YAGND” L—H—D2{E R T28NREL—Y—%
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FhtEL . —AFRU TR, hAZETO—THELTHL =, 2C-RAWM (X, RYTREZLTD
FFEEZFEAL.ROTHE2D (50:50) IZHF, Ry I REEEDEDIZEEL., 7O
—THIFRYIRDA D1 DDBIZEELT=, 2C-RAWM [ZKYELE—FEDRAHEEA
. ZYDIBBICRETHEITHD, KETAINEA—EH T ILEL MBERIEDTSA
AUREIT oz A ZRADOEAIL, BREALGEDFEESTEH-O. EERLEAID
¥ 6m (FEBLI-HETITol=, RV THIE NO, B 2B’ — X 2Ay BBD N =1 Hhd
DIREFEEERICEE L. TO—T %% 1050 KU 1500 cm™' FEELTHFSILI=,
SITEERDER, v, /NUREEL (1050 om™ ) [T A RARGMLTEBIL=2 DD/
UR% . E5I2 1500 cm™ $EELC 1 DOD/NURAERBITE=, 2 DD MEEIZHEELT2DOD
TRENGED Do TD1DIE 2C-RAWM ARTKMILIZINYD T SOV REENHDBTE.
ALV RIEAY 0.2 om™ EL—H—7FEEE (004 cm™) KYKEFLY, ELVSTETHD,
(1) BIE®D 2C-RAWM D/ VT TR ETE, FERBEHTHLREL TS, IHIC,
NO, B %E’— X ’Ay BBORIAARY MLIFTO—FTHY . BARELEEREE L3
g, L—Y—FETr M (UF) BERARY MLTHIa— RGNy I 5590
FIEEENEET b, LIE=MN>T. 2C-RWM D/\wH 559U REEIE B %E° HKREETHD
BAFIHORZBEATHEEZONS TO— KERILARY KL E, 2C-RAWM Lt
[ZF2RkEt 5 Transient Grating ( Laser Induced Grating; LIS ) [C&kdEDEEZOND,
(2) NO, DFRS v, NURD Q) ARIMLTIE N =1 hEDEBIE. N =3 HhED
BREELYNIFAYREREL TS, LI=M>T, #EBDOEBISNT- 2C-RIWM EE
M 02 cm’ BELGDIX. KRUTN N =1 & 3 D2D0EMERIEZLTHY. 2C-R4AWM
EFICINL2EFMDEBRNELGY ., Q AYRELTHASN TS EEZA TNV,
SED 2C-RAWM BRI X °Ay KED N =1, K" =0(a’) #Efihd B °E’ KEE
D J=15.K =1(a’) ~RUT (@ ) L.v, N\UREEDIEE. X Ay RED
vi(ay) BLLE vy (&) ADEVTEBZEHRAIL TS, COFUTBRORIE TR T
DFBIELZDT AG=0( £LLIX. Ak=-1,ZCT k [TFBf K) OBR.FoTD%
FIX AG=+3 ( Ak = -3 ) LY EELLBRLEEBR LGS BRICENIEE.,
2C-RAWM DBBREIL. RO TEF U TBB TRINDHIEAREINTIVS [4], L1z
MNoT. MEIXEEGEELREICELTIEEFELEZARIMNLIZEY , BEENS, SEO
v, INURGEIED 2C-RAWM AARIRILTIE, EROREMETIRE T S LILTELLY,
1500 cm™ FEIICIE 1499.75 cm™ [S1DDNAURUHERBIShEEN>fz, LD LI,
SEINAF—LTIE X ’Ay KRED a” & o ELADEBIHTETH D, RIZ 1050
cm™ FEIKIC v, (e’ ) EEMNEBISHL, 1500 cm™ FEIHICEA S IR v, +v, DFE
BEGATHAEE  IREIE ( Franck-Condon BF%4E ) [FHBLHD T, ForhRvk o
FERIER [2, 3], COFEREMICETHD4CES ¢ & a” D2DODNUEHNERIESNDS
INATHD, LI=D 2T, SEIEAILT= 1499.75 cm™ N\URIZEHOD a° £L<0E ¢ #
MANDBREBIRTES, FNDHETIE 1499 cm™ 12 2 EMEAERIATEY . RIS
BIEASHI- RN @ DBE. AU 1497 cm™ ELY—BLAW=6., BHlEh
ML a EEBAOND, RN TREABEBIINDS 1492 cm™ NURIE TAHARY
LT3, 2C-RAWM THEBIZINATLVAEWL, Thik B °E REDEOEMMN S 1492
cm ELADBBEH Franck-Condon FHFLEEICKYIIFISNTULNSI=HEEZEZTINVS,
[1] BE. BE. E1I3ENFHLHES L17(2013). F 7 @A FEEFEHHRS 2A20 (2013). 1th.
[2] K. Kawaguchi et al., J. Phys. Chem. A 117, 13732 (2013). [3] E. Hirota, J. Mol. Spectrosco. 310, 99 (2015).
[4] S. Williams et al., J. Chem. Phys. 102, 8342 (1995) and 106, 3090 (1997).
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Determination of electronic, vibrational and rotational structures of deuterated benzenes.

(Kyoto Univ.?)  Sachi Kunishige

Mass-selected REMPI and LIF spectroscopy of deuterated benzenes were carried out. The rotational
structure of spectra of them in 6! state was affected by Coriolis interaction constants. And vibronic
spectra of them varied with the symmetry or the number of D atoms of molecules. From these results |

will discuss the effect of deuteration on benzene,

[FIRNERICHN T, BF - IRkE) - EAEOSREOEENIRIMNLOBREERET D, NU¥
VOKRIRFEEKRRBELEZLEEICH, ZOMBOHKICIHL., BIRREBICE(ENRELNS, CAHDE
IEERZ D=0, A BB RMBARY LU DNVTHREIT o,

FTERERBOBELANDLHITIA IR D K E—FBDEKRREBEIRAKIZDONTITL., S, DE
ARZERIZENTIE C-H &£ C-D DIHEERDEMN, RAIMWFTE LTIRIT 0 LG22 LERETLEDHE[LL
ZOFERETTICS; « Sy BEFBRBICHBNT, 61 EMDOE D EBE REMPI XRIMNLERIEL, BIERE
#ERELER] ERRIEANV U OREGEEE, IREEMOMERAECEHLST. VA VHERLE
RO EE®(ZIT T,

—H. S BFREBICBT56' LINDIREREBEZRANS=H. EKRIENVEVIZTDNT LIF-
REMPI ZRIMLERIE LTz, HIBT BIRE/NVNEEKEZOE O FREIZIEC TR L THo=[3],

AR T, 61 DEIEEEEDUICS; « Sy DIRBEARIMNUIZEREZEE. NUEVIZBITHE
IKBBHDELEIZONTERT 5.

[EERILIT. CHebCoDDEERERET LIS MEFAE T CEESEICRL. BRRISET
DNEISEERERENEAAM M,
B0 REEE 2525 REMPI XRJML>
RIEIDH L LR TH D,

A

<E£:&5| REMPlI RRINL>
Nd:YAG /ML AL —H—%&RUTHEL JERT AN YT B R L —H — (Scanmate-OPPO,
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Coumarin500)® KDP #& &1L 5 2 fEFEmEXHN D21 A b eL T, BEFEH| 2 XF REMPI X

ROMVEBIE L=, DREEIZ 0.1cm™! Tho1=,

(fEREEER]
AR D S DIEREEZFIFHRE R,

SRBELOERNVEUVOEERREIZEITSE 1,3,5-CsH3Ds
SEHERNT. 68 EEMESOMALAN
SMLVERE . BERETOEGEEMERE exp- ’ | m
Uiz B 1 1EZ0—BITHD, v [&Dgy 128 = , d , ,
38692M S 38694' ~ 38696 I 38698 cm?
W\Tep  SERIREI THY, EREBHIZ L HH | ”\'W J T”MWW '”]’WW‘
sim.
MMEOETRERTEAE. 2 MORIZ—CC 12
HALERBEEVAVEEERAEGC S D e

O)AVHEEERAER ¢ & EKEONE
FUFT LA, BERENEEKRRZOHKICLFALTEILT D,
Rz, BERBEANVEUOREREEHER T D, K213,
BEAERBEOESZER REMPI IRERRINLO—ETH
%, CegHDs & CgDg Tl 6515 /N RO &SR EAIIZ5R <R
EEFHIRENVENREN, Chidk 65103 LIRES
. 651D R EEBYTREIRL TS EDER LN,
F7=. CcHgD TlE631y DE—IMEMNT ETO—RIZH->
THY., BIDIREBREDFEINREIND,

FRTIE, BHETEL CHDs & CDy DEAKRFREBD
LIF AUV ERL, BEKRBRICKDHEET
HEEEEOIRBENRIZEZ 2HEEERT D,

(>z#k]
[1] S. Kunishige, et al., J. Chem. Phys. 143, 244302(2015)
[2] S. Kunishige, et al., J. Chem. Phys. 143, 244303(2015)

[3] S. Kunishige, et al., J. Chem. Phys. 143, 244304(2015)
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Vibronic Spectroscopy of Chlorofluorobenzyl Radicals
Generated in Corona Discharge

Young Wook Yoon and Sang Kuk Lee

Department of Chemistry
Pusan National University
Pusan 609-735, Korea
sklee@pusan.ac.kr

The technique of corona excited supersonic expansion (CESE) was employed to produce
vibronically excited but jet-cooled benzyl-type radicals from corona discharge of precursors
using a pinhole-type glass nozzle developed in this laboratory. Stable precursor molecules
such as chlorofluorotoluene and chlorofluorobenzyl chloride were used for the production of
jet-cooled chlorofluorobenzyl radicals™™, in which the methyl C-H and C-Cl bonds dissociate
in corona discharge. The vibronic emission spectra were recorded in the visible region using
a long-path monochromator.

From the analysis of the vibronic emission spectra observed from the corona discharge
of precursor molecules with a large amount of carrier gas helium, we found the spectroscopic
evidence of chlorofluorobenzyl radicals as well as fluorobenzyl radicals which suggest that
there might be a displacement reaction of Cl by H of methyl group during corona discharge.
By comparing of the spectra observed from different precursors, we can obtain the possible
mechanism of bond dissociation process for the production of benzyl-type radicals.

In this presentation, we will discuss the dissociation process of chlorofluorotoluenes in
corona discharge and spectroscopic analysis of the substituent effect on electronic transition
energy of benzyl-type radicals. The red-shift of the electronic transition energy is sensitive to
the types of substituents and positions on the benzene ring. The substituent effect devised in
this work could be useful for identification of isomeric benzyl-type radicals.

References

1) Y. W. Yoon and S. K. Lee, J. Chem. Phys. 136, 174306 (2012).

2) S. Y. Chae, Y. W. Yoon, and S. K. Lee, Bull. Korean Chem. Soc. 34, 3565 (2013).
3) S. Y. Chae, Y. W. Yoon, and S. K. Lee, Chem. Phys. Lett. 612, 134 (2014).

4) Y. W.Yoon, S. Y. Chae, and S. K. Lee, Chem. Phys. Lett. 608, 6 (2014).

5) Y. W. Yoon, S. Y. Chae, M. Lim, and S. K. Lee, Chem. Phys. Lett. 637, 148 (2015).
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AN IMPROVED EMPIRICAL POTENTIAL FOR THE HIGHLY MULTI-REFERENCE SEXTUPLY BONDED TRAN-
SITION METAL BENCHAMRK MOLECULE Cra

(Kyoto University, Oxford University) NIKESH S. DATTANI (dattani.nike @ gmail.com), ; (ICFO Institut de
Ciencies Fotoniques) MICHAL TOMZA, ; (Max Planck Institute for Solid State Research) GIOVANNI LI
MANNLIL,.

The ground electronic state of the chromium dimer dissociates into “Cr + 7Cr and therefore there are 12 open shells
among its constituent atoms. It is considered the most difficult homonuclear diatomic for ab initio methods because of
its highly multi-reference character. Therefore, every new multi-reference method must be tested against this benchmark
system. However, the best empirical potential to compare with, was built based on an out-of-date method for representing
experimental data. The photoelectron measurements of v = 0 — 9 were fitted to a Morse potential (an old function
which has only one parameter controlling the shape from r. to D.), and also inverted using a semi-classical theory into
a potential after combining these data with measurements from what was guessed to be v = 24 — 43. This bridging of a
~2000 cm~! gap in data back in 1993 was a valiant spectroscopic analysis. However since 1993, there have been enormous
improvements in the field of potentiology. In 2011 a Morse/long-range (MLR) function successfully bridged a gap of more
than 5000 cm~" in experimental data®, and in 2013 an experiment with £0.000 02 cm™ 1 resolution confirmed that the 2011
MLR predicted the energy levels in the very center of this gap correctly within ~ 1 cm™!,>. While ab initio methods have
very recently been able to predict differences in energy levels correctly to within 1 cm™! for Li © and to a lesser extent for
BeH¢, ab initio methods have still not had this level of success for predicting binding energies.

The MLR function not only has more flexibility than the original Morse function, but it also converges mathematically
to the correct long-range limit expected by the state-of-the-art theory. Fitting the data to an MLR potential function in
the Schrodinger equation allows for a fully quantum mechanical treatment over the entire range of data. By avoiding
a semi-classical treatment, and using this more flexible, more theoretically correct form, we improve the current best
empirical potential. This vastly improves the experimental benchmarks against which emerging ab initio methods are

tested. However, the lack of data for Crs is still a big problem, so further experimental work on Cr, is desperately needed.

“Dattani & Le Roy (2011) Journal of Molecular Spectroscopy, 268, 119, bSemczuk et al. (201 3) Physical Review A, 88, 062510., ©Dattani (2015) http://arxiv.org/abs/1508.07184, 9 Dattani (2015)
Journal of Molecular Spectroscopy 311, 76.
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Temperature effect on the microscopic hydration structures of phenol cation
(Kitasato Univ.) Itaru Kurusu, Reona Yagi, Yasutoshi Kasahara, Haruki Ishikawa

To investigate the temperature effect on the microscopic hydration structure, we have recorded
ultraviolet (UV) photodissociation spectra of the temperature-controlled hydrated phenol cation
([PhOH(H20)n]") using our temperature-variable ion trap apparatus. In the case of the n = 5 cluster,
three groups of vibronic bands, that is three groups of isomers, are identified based on their
temperature dependence. The local minimum structures obtained by the DFT calculations are also
classified into three types according to their hydration network motifs and the temperature dependence
of the Gibbs energies. Considering the temperature dependence, the three groups of the band in the
UV spectra are assigned as the three types of hydrogen bond structures obtained by the calculations.

[Fim] KFEREEITEERAIEFEISITB W TEEREEZ R LTV D, KER-E DR
D—DNZF Y NU— I HEEDOHEN D 57, BEENCL D3y N — I/ HEORLENE L
(ZZ DR Z =mD TWD, 20X D IKFE G OWBRIMEE 2572012, BB DM
RET LV E ESNTWDRIG 17 T AX —ERAWTFERTOIL T\ D, BUE I
DI X0 AKFEEDWREDATRE & 722 0, AFFEIEBAR A KT 1 15k 2 1B 20 SR D fiR
HA~LHEATE TG, [MS T2 7 A X —TIIKE/B ORI 5 BT e 12 B
& LTRSS ILD DT, IREIZ LD BYEERO A OB BIER D O B kT S v 712
B ARRERE D X LXHNTT D, LIe> T, PIERIKFIRE 2% 5 IR R O fiE ]
%, NAZICBTLHKERERY NU—7 DRLENZOWTOHMRE G2 5 EWfFSh b,
Z ZTARIFE TR, IREFEA AL Ty TN EE VT, SRR Th 5
T ) —)v—K7 T AZ—HFF > ([PhOH(H0).]") [LIDLESECRREE A~ L DRIE 21T
VY, AT RV OIREZEAE K ODFT R ORI FED S MR KRS 3k 2 IR 3
IZDOWTHEE LT,

(58 - B FEBRITIRE RIE22061 A2 N7 v 7o EEE 212 VT T o 1o, RS2 Tl
AT N7y TR LIEA A% N Ty TNORERIE S LviHe Ny 7 7 — I A L L H i
R SHDHZETA A ORERIEZ1T > 7o, WERIE Lz 72 F—A F 05 LTS
SIRBE Y e Z AT o T2 £72, M05-2X/6-311++G(d,p) L ~/L D& YL (DFT) #H8%
W oS R AL & IREVEITIC KV TR EME L G-, SHIZZO/MEEHNTF 7 A=
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NX—ZEH L, WEHRICOWTiEEm L7,
[(FEREBR] K1icA Ay NIy TORE%
45 % THIE L 7= [PhOH(H0)s]* O 2E 51 Al 2 ~ L m
U MET LT, A A ORI E< LT
H AR MVDIIRNED 72 o722 & T

Tirap = 50 K (iii)

S | Trap=100K
A A BT E L L LT, Wl
DI R T AR TR BT DS o
PEClE LI R0 FAEBLO FRCA L, | mawe ]
R k> TARY MR/ RO
PEL LTINS Z LR X D bnd, ib )
DAY KEZOREGEAAED D, (KR THAS

26200 26400 26600

NUR(T), W ER TIRE NGRS 72 53 R(ii),

1T, WIE L IREHPE CIIFEICTRWVIRE L [ 1. [PhOH(H:0)s]* DA ARl A~ 27 kL
HE IR F v P OWREEITR IR LT,

i o R (i) ORI 258 LT RIERFD b7 v 7 OREIZXKPIR LT

X5, by REE 2 ARME (K SRR

Wavenumber / cm’’

\ o o “ 1B puiEE
i aiE) OMEZAT O 720IC, DFTEHED) ; ~
Y j '
5 K IR SN C O A B 7=, 3081 EDJF N L ;
e ] N NPA » < S, S )‘“‘-‘i-\ *4
RS R DTS, K AR O ‘6\ P
12 k> T DT T 7, SRS, ‘& ———
BRI ECBR IC & HITKERAS LIE (BR+ EIE s
89, WEEEOFETH Y, F TR ¢
s
R MEE B 21R LT, 2T O BT ke vs 1% ﬁ,/\

LCIEEZEZ X T Az g LF—2RELY, J;&»

BRI Z B LT, TORE, RBEKTNE

M ALy N UCERTZ(), (i), KO(ii)03 [ 2. [PhOH(H,O)s]* o SIHY 7 s

HR DN R b 2 5 BIEIERD, TR 2R, SR, RO+ OKFERFEGHEIEZ - T
WaHHOEIFE LT,

AT, EBREOBEROEMEZMRE TS EBIT N T v ITBIT A7 7 A2 —DHALR
BROBENICHSOWT HHET 5,

[1] S. Sato and N. Mikami, J. Phys. Chem. 100, 4765 (1996).
[2] H. Ishikawa et al., Chem. Phys. Lett. 514, 234 (2011).
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Double resonance facilitated decomposition of emission spectra
(Kitasato Univ.) Ryota Kato, Haruki Ishikawa

In the present study, we applied the double-resonance technique to resolve the overlapped emission spectra.
With a proper selection of the IR wavenumbers, we can label the population of the certain species by the IR
excitation. Thus, we can obtain the emission spectra of labeled species by subtracting the emission spectra
with IR labeling from that without IR. In the present study, we chose the charge-transfer (CT) emission
spectra of cyanophenyldisilane (CPDS) -water cluster as a test system. It is known that two distinct CT
states are sequentially produced in its CT process. As expected, we have succeeded in resolving the CT
emission spectra of CPDS-water cluster by the double resonance facilitated decomposition technique. We
also applied this technique to the CT emission of CPDS-water 1:2 cluster. The result indicates that there is

an equilibrium process between two CT states in the case of the 1:2 cluster.

(7] BhEREE Tl 2 2 7' r M U BEISUGREMBEI RIS AT 5 ETat A2 i
exlelflad 52, FFICEETH D, EHOMERESCH TEABEGT25612F, Th
[CHRT DEBDOEIN AT MAPER > TR SN D, KRB TOFEM R ERE 1S 2
7DITE, ZOBERSTENART MVOSMENLEEND, “HILESEEITKH O A~y
NN BRFEDACFFEZ B, FET DRI FIETH D, €2 THRAIE, BERIN S
WiEE IS LEIEART NV EGIRT D HiEEER Lo, EOS TRF RS IZB8WTp -
VT )T 2= R B AT YT (CPDS)-H0 1:1 7 T A X — | L
—¥ERE L/Z[1], CPDS-H,0 7 7 A% —I%, Wb D%, SifkfiE
6 2 FEFEO CTIRHE (CT1, CT2) DBRHNZAERT H[2]43, 2 2D CT
WS OHLITI N SN TE LT, ZORITIAMETER LIZHNED
TRAEIZIE LT 50 ABFIE T, JITEIROUGEEAT ) & £ IS, CPDSHO e o
12 752X —DOREBIT>12DT, ZOFEEHET 5, 7 TAL—
[528%] CPDS-H:0 7 7 A% — % BlCHIEA X — L 2T 5, Kbz L0 Ak L7z Sk
YHIRRAIZ 2 50 CTIRAE (CTL B X ONCT2) NERKT %, @H, CTIRENESCHIC
2728, CTLHRAEE CT2 JREND DHONER ST AT FANBIHIS D, ZZ T,
CT2 RAEDIEMERINER &2 F VT L7356 (ZNE RN T ~L3 5 & L5, IREIhEIR
BB D OEEESIBARIZ LD CT2REN S OFHNBE DLW T D, LIehR->T, 4T
IWLTENART ML ETUVBELOBDEDEEEDHE, CT2 RENDLDENART ML
BEOND, SDHIZZDAXRT MVITEEIR A — V)T T, JTDANRT ML & DEZI
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% & CTLIREED DL DWNART MV EHFD Z LN TE D,

EBI, BEMOSCHRIC & 2 0 B e A7 B V[3] & iBIEARI AT ML) DRIE A
HEDETToTe, ZHNETIEHRIATAHY LR LD 2 DDORAT ML E R 2 ITHIE LT
WA, AENTEEAN L —F —% 10 Hz, oL —Y—% 5Hz THRE L, > a v MRS
NNVDORWDER LD Z LT, RFHOFERFMME(LORELEET H X oI,

(G & B22] [} 1(a) 1 CT2 IREED Ky
O OH {H#EHREN S > K& W2 ARjG T~z
FOELNTEANRY MVER LI, 2T
CT2 IREEMN B DH N ALY ML ZEFEL T
%o B 1(b)IZ1E CT1 KD K > OH i
N RTTW LT ART MvERLIE, 200 L N
T CT2 4REEZS CTLREEMN SRR SN 5 72 (b)
W, CTLKREE CT2 HREBOHENER ST
AT RJVIZIp 5 TWND, 2 DD AT RL
I% 26000 cm™ X O REEAM D AT RV
W= L TnWb7e, ZofEki: CT2 &
HDOHDOFEEEZ, MEOEZEDHZ L
T, K LC)IZR L2 X H I CTLIREED S Dt
WA SV GIRET D Z LI LT,

ZOFRERICE D EFIEORIENT A7 e
DT, WIZ CPDS-(H0), 7 7 A X — TR Tk

(a) CT25 <)L (On - Off)

CT2EHXDH

CT15 <L (On - Off)
CT1H# % + CT2H K

Intensity (arb.)

(b) - (a) ERRY kL

ZWM L7Z, CPDS-(H0) 7 7 A X —IZH\> CT1#HEDH
THIBERIMFZZIZ LD 22D CTIREEDLE LI I
24000 28000 32000 36000

EPFEB SN TVDD, BRI TH LM E

) INZER DR SHE ~[4], 3 #

D TR DO ARHITE STV [4], R H1 CPDS-H0 7 5 %5 —EHA<s b

R CIR AR D A, FEROFE, FIT LD (2)CT2 7L, (b)CTL 7MLV BTz AL
i R . 7 bl (€) (@) & (D)DFE AT kb, 35500cm {+f T

AICENBRENBNSTTD, CPDS- 5wy 157 b ) 1T HEAIOHB T 5.,

(H0) 7 7 A4 —"ClL, 2 20 CT {RIEDF-

BRRIEIC & D ATHEME IR S D,

[#EE] CPDS itk & ZHRHN 2 72 T2 BB AUR MR BRI R B L £

Wavenumber / cm”

[1] fnfgER, F)IFRME 55 9 |57l 5mea 2015 4A001.
[2] H. Ishikawa et al. Chem. Phys. Phys. Chem. 9, 117 (2007).

[3] H. Ishikawa et al. J. Phys. Chem. A 107, 10781 (2003).

[4] M. Sugiyama et al. J. Phys. Chem. A 112, 1168 (2008).
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FULL CI BENCHMARK POTENTIALS FOR THE 6e~ SYSTEM Liy WITH A CBS EXTRAPOLATION FROM aug-
cc-pCV5Z AND aug-cc-pCV6Z BASIS SETS USING FCIQMC AND DMRG

(Kyoto University, Oxford University) NIKESH S. DATTANI (dattani.nike @ gmail.com), ; (Cambridge Uni-
versity, Max Planck Institute for Solid State Research) SANDEEP SHARMA, ALI ALAVIL,.

Being the simplest uncharged homonuclear dimer after Hy that has a stable ground state, Li, is one of the most
important benchmark systems for theory and experiment. In 1930, Delbriick used Lis to test his theory of homopolar
binding, and it was used again and again as a prototype to test what have now become some of the most ubiquitous
concepts in molecular physics (LCAO, SCF, MO, just to name a few). Experimentally, Roscoe and Schuster studied alkali
dimers back in 1874. At the dawn of quantum mechanics, the emerging types of spectroscopic analyses we now use today,
were tested on Lis in the labs of Wurm (1928), Harvey (1929), Lewis (1931), and many others, independently. Li; was at
the centre of the development of PFOODR in the 80s, and PAS in the 90s; and Lithium Bose-Einstein condensates were
announced only 1 month after the Nobel Prize winning BEC announcement in 1995. Even now in the 2010s, numerous
experimental and theoretical studies on Li have tested QED up to the 7th power of the fine structure constant. Li, has also
been of interest to sub-atomic physicists, as it was spectroscopic measurements on "Li, that determined the spin of "Li to
be 3/2 in 1931; and Lis has been proposed in 2014 as a candidate for the first “halo nucleonic molecule”.

The lowest triplet state a(13X;) is an excellent benchmark system for all newly emerging ab initio techniques because
it has only 6e~, its potential is only 334cm~! deep, it avoids harsh complications from spin-orbit coupling, and it is
the deepest potential for which all predicted vibrational energy levels have been observed with 0.0001 cm™! precision.
However the current best ab initio potentials do not even yield all vibrational energy spacings correct to within 1cm™1.
This could be because the calculation was only done on a cc-pV5Z basis set, or because the QCISD(T,full) method that
the authors used, only considered triple excitations while a full CI calculation should include up to hexuple excitations.
CCSDTQPH calculations have never yet been reported for anything larger than a DZ basis set, and deterministic FCI
calculations for 6e™ have not exceeded the level of TZ basis sets. With FCIQMC and DMRG we are able to calculate the
potential with all levels of excitation included, and the hardware requirements for an aug-cc-pCV6Z basis set are modest.
Energies for aug-cc-pCVQZ have already converged to the full CI limit within 0.3 cm™?, and 6Z potentials are underway.
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Calculation of the vibrational frequencies and intensities for the NO; radical
with program packages
(Okayama Univ) Jian Tang and Kentarou Kawaguchi

The infrared frequency and intensity of the v; degenerate N-0 stretching fundamental
vibration in the ground electronic X?A, state of the NO; radical are a debated issue.
The initial assignment of the v; fundamental was for the observed strongest infrared
band at 1492 cm™ with some anomalies on the isotopic shift and the Coriolis coupling
constant. ' Calculations with the model Hami |tonian approach by Stanton? predicted a very
weak v; fundamental near 1069 cm' and reassigned the 1492 cm™ band as the v;+vs
combination for NO;. The latter point has been supported by the analysis of the matrix
spectroscopic observation® around 1492 cm™ for various isotopic species of NO; and the
analysis of the FTIR spectroscopic observation* around 1127 cm” for the hot vs+vs—vs
band. The LIF observation® of the B’E-X?A; transition revealed a 1056 cm™ band for "NO;
and a 1039 cm' band for '°NO;, which may be attributed to the expected v; fundamental
in the ground electronic X?A, state, ® but was also argued for other possible assignments.’
A recent calculation® using the code MULTIMODE showed a similar result as Stanton’s
calculation. In the present study, we show that the low frequency and weak IR intensity
for the vs; fundamental of NO; can be reproduced simply with two program packages,
Gaussian09 and Molpro 2012

We first tested the closed shell species with the Ds, structure: BF;, S0;, and NO;~ to
compare with the calculation for NOs, as shown in Table I. The low level MP3 (third—-order
Mol ler-Plesset perturbation theory) method with a small pvdz basis set gave reasonable
harmonic vibrational frequencies of all the modes for BF;, S0s, NO;-, and even for the
open shell CH; radical when compared with the observed ones, but the MP3 result for
NO; was too high for vs and v4 even with larger basis sets. When the DFT calculation
with a B3LYP/pvdz level was applied, vs; and v, dropped to less than half for NOs;, but
there were |ittle changes on other closed shell species. In the B3LYP calculations

Table 1. Comparison of the calculated vibrational wavenumbers (in cm™) with the experimental ones
(numbers in the brackets are infrared intensities in km/mole)

BF3 NOs- NO3
MP3 B3LYP CCSD Exp. MP3 B3LYP CCSD Exp. MP3 B3LYP CCSD Exp.
V1 885 866 874 888 1151 1074 1105 1062 1228 1140 1169 1060

©) ©) 0) 0) 0) 0) 0) 0) ©)

v, | 725 689 717 691 897 849 884 763 834 801 822 762
(115) (89)  (109) (32) (26 (32 (190 (16) (17

vy | 1493 1457 1478 1454 | 1575 1461 1508 1350 | 2446 1147 1282
(433) (381) (417) (608) (456)  (538) (3449) (0.03) (11)

vs | 490 473 486 479 | 746 714 731 754 239 394 365

(14) {dan (14) 0.6) (@1 0.7 1e6) (15 “
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with various basis sets up to avgz, the vibrational frequency of the v; fundamental
was given around 1100 cm™!, and the infrared intensity of the v; fundamental was given
as less than 1/20 for the v, or v4 fundamentals. With the coupled cluster methods at
the CCSD, QCISD, and CCSD(T) levels, there were no significant changes on the
vibrational frequencies of all the modes for all the species, but the QCISD method gave
slightly stronger and the CCSD method gave 50 times stronger infrared intensity for
the vs fundamental (the CCSD(T) method could not calculate the infrared intensity).
In conclusion, the calculations with the DFT B3LYP method and the coupled cluster
methods gave the similar harmonic vibrational frequencies for the fundamentals as the
previous model calculations"® including the weak vs fundamental of NO; near 1100 cm™.

We also calculated the Raman |km/mole

) " , ) ss0 1 NO, fundamental vibrations V3
intensities for these species with 250 |

the B3LYP method. The interesting

results of the calculation showed | ] :‘:‘”t' -

that (Fig. 1), although the infrared |2°° |
intensity for the vs; fundamental of NO; | 150
is much weaker than the strongest v; | so - Vi V2 Vi

fundamental for the other closed | ;4 0 1008 * 500
shel | D3, species, the Raman intensity o

for the v; fundamental of NO; is over NO; fundamental vibrations

100 times stronger than the one for 0 ‘ l R \/32 T +— o
the others. Therefore, observing the o ™ [

Raman spectrum (or four—wave mixing YRt \2!
spectrum with the similar selection |-100 - © Raman int.

rules) of NO; may be the best way to
identify the v; fundamental of NO;.

-150 A

A%amu
-200 -

\Zh

Fig 1. Calculated infrared intensities and Raman
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p-H, & D CH;F-(ortho-H,), IZx9 % pump-probe 43¢
(RIKREI) OllfiEz - E/EA

pump-probe spectroscopy of CH3sF-(ortho-Hy), clusters in solid p-H,
(Tokyo Institute of Technology) Hiroyuki Kawasaki, Hideto Kanamori

We studied the dynamics of a reversible process in the CHsF-(ortho-H,), cluster by pump and probe
spectroscopy using two cw-QC lasers. We observed the time-dependence of the n = 0 - 3 peaks and d
= 1 lines at the pumping of the n-th line. By pumping, one ortho-H, of CH3F-(ortho-H,), cluster is
moved away and the cluster structure became n = 0. In order to discuss and understand about the
mechanism, we have analyzed the change of each peak intensity at every second.

[Frim] /X KERERTIC CHF 2B L 2, ZDw N2 R (C-FIRE) 28T 5L, kHE
HFIZOT NS ANV NKFEE DT T AKX —TodH D CHsF-(ortho-H,), DA77 ~LHEHI S
N5 ZERMBINTWDIL. T4, EPfREDE+H A/r— RKL—+%— (QCL) % HA\7=%
WHERICEBNT, 527 T AX—E =272 10mW RBED L —F —L 2R+ 5 L 2o —2
MK, BIDYy FAZ—C—r RNRELZET 7+ b7 n v 7 REERBHIShZ[2). =
AU, pump iz X o ThHbiE & 472 CHaF-(ortho-Hy), 7 7 A X — DRE) = R )L ¥ — 13 & 15R I
AT DI T, fE A MCIFEET DAL hARFENBIOY A b~ B8 LR, Blo
7T AL —REEICEE LT 2 SICERRT 2 LIRS TS, L LR L, ZO7+ ~7
n Xy 7 RBRICE LT, RECEEMZREmILR I T, EEZRMIT S FTEE & 72
L&, RETFBEDODONTWRWE—7 DIFES, 7 7 A F —iiEO 2B GIZ BT 5 BEIME
W5 Z NSNS, £ 2T, ABFETIE CHsF-(ortho-Hy), 12 L T - H ® cw-QCL %
VY, pump JEIC K o TEREICE L EZ G X 2 RBE% probe JETY T2 A4 MTEBIAIT D,
pump-probe FEERZ 1T\, E B 72T &2 R A 7.

[EBR] WIS AW D55 ST p-Hy A (78 0-Hy: ~1000 ppm)iZ CHsF % 1 ppm F2ER AL,
2 KIZWAILTE B EIZREATT, TDORTIK TTY == 3252 & THERLZ. CHF Dy
v RICR LT, ZEBEOHR cw-QCL(1040 ecm™ £37) Z HWllEZIT>7-. —HB D cw-QCL
Z 1) 10 pW RS 2R &4, 1 om 2 o probe fEi % rapid scan 5. & ZIZERED A2
7 M E— 7 IR ZEE L, 9 —HD cw-QCL % 0.1~ 10 mW @ pump St & L CIA
fhCEA L7z, Z o optical pumping (Z X 5 probe 227 MLV DOELE, KREBEATY —0OF
UH AT E A —7T 20 B L CELI L7=. Rapid scan OJE L 10 ms & L, HEZ
(Z IR AL O T B AT (LB 2R R R 0 iR RE & 72 2 L 9 ICii Y 7R ISP O 7T — X 2 a v B a
— X —TCHHEL, +572SINDAXT hLe L.

[FERLEBZEIFiQLITIN=0D 7 T AX =AY T D AT MUK LT pump Y& S L7
B, RitkD AT N EZOENERT. ZO XD IRREEEAL O AT ML OE{LE A (A
WO THEST D Z LITRTI Lz, ZOEND Fig2 (2T X 912, pump XEBE L TWD
BREMIZ I T DR WIGRE 2 ERAICKRD H Z LN TE S.
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pump X2k n=0 DAL DOE—T %
pump 75 &, 7 T AKX —|TAI RAKFENLWND
Tesh, AT AR LN LR TSR
5. L LERERNS, AL E—27 O
EHIn=1Dr TAX—IIxETHE—7 L,
JIFBOONTWRWN d TRLEE—27 O
MBI = A7z

pumpiZ XA n=0D A7 ~LOZEAV % TR
T 5L, Figd IZRTHY, B—2 OfEI
Ko TWALZERHLNERST-. E—T D
RBEZR ENS, IRBDO DTN D EITHEY A |
R rEY A MCHFET ANV MKFEED
7 T AR —HEEI IR D T AK—IC
KT D AT MR Lz LB cx 5.
Z 2T, BEIOED LI AT ML, =T
Bl BN & 2 AICHEET B AL RkFE L
DI TAL—IZERTLETFMRLEL. DXV
pump %D A7 FVEMEIL, AV RKENFE
WD 72T K FE AN T DD CHaF DO
B CTHDEERD. ZOMR, k3T kHERE
FaPN T CHF OFRIEIZ 43X 10° em 2 & &
Z TV, GERD 70 %IE & AV R L
SNHZERHEMNERoT.

d TRLZEVU—XDE =273 pump (2 XY
B4 5 2 L i3peknnomb it iz, LaL,
Z OFREE LA pump BRI OREIZHENEEYN T 5
Z EREEIOBIHITYIO TRLEIZIEE D X O
(2720, B RRFE BRI 3 FTRE I R o Tz
ZOE—7 ORHZELDN G, ZRHOE—7 M)
Boltzmann [K7-® & 9 72 R EITIKG T 5 ALY
MU THDAMREMEN TTE 2. ZOREITHED
LT, E—UREDORMISD ENREND,
CH3F DJE VD OFEEIRE DZAL, MmN To

2Fd=2 j d=1

o A eaRIC)
o
g BEt
3 e
o ‘113
A

— 10395 1040.0

wavenumber (cm')
Figl n=0® pump il kD, WIXA~T FLDZEAL
(a) pump JGHESTRI, (b)19 FP[#] pump Dt % BRE L 72 4%
(©) (b) & @D

1+ 1T * T * T3

1.6 - 0 -

n= .

14 ®eee ]

1.2 .°°o.o. -

' [ ] A

1 AAAAAAAA’.“é‘. -
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=015} vvvv"d'_'l"' MR
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Fig.2 pumpIZ&k B, FELWIREDZAL

= | | L
27 F
2 [ — before pump
o b oo after pump
= 4
T -
[<5)
N i
< |
e |
S
o L L ey
e e

0

el 1y
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wavenumber (cm™)

Fig.3 pumpIZ&kd. n=0DAXT MDAk

FERR MR, R - R

FHRERR EERDLZENTE L LWL, SUEMRIT 2D TN 5.

235 3CHk

[1]K. Yoshioka and D. T. Anderson, J. Chem. Phys. 119, 4731 (2003)
[2]A. R. W. McKellar, A. Mizoguchi, and H. Kanamori, Phys. Chem. Chem. Phys. 13, 11587 (2011)
[3]H. Kawasaki, A. Mizoguchi, H. Kanamori, J. Mol. Spectrosc. 310, 39 (2015)
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IR-IR double resonance by using two colors pumped OPO LASER
(Department of Physics, Tokyo Institute of Technolog) Yuta Aiba, Hideto Kanamori’

In order to control the quantum phase of molecules by phase-locked IR-IR double resonance,
we developed a new type of OPO laser system which emits two independent single mode IR
emissions. Using this light source, we observed the double resonance spectrum of R (1) -P (1)
in v3 band of CH4. About the phase-control of the two lasers, we have achieved the center
locking.

[FF] 54, ek Lo ——hehnroae—Lrr MIAERZBL T, 41O
AR BB ONLFE 2 BRI ET D IREN STV A (1], AFALE T Z4LE TIZ Rb JL 7D
B ERBOBBGHIEN 2 F W 7o ZH IS 2 > TR SRR 217 > TE 2, 572 RE
(22D & D RERAEAT O 72O, AR ZHIE L7z 2 Ao RS 2 e — L o RIS
LD, Flo, RBEEEERE— A MIBTERBIZLETIH/NS WO T, ERIESL
ZAT DAL 2 HTFRVDOEIRE N LB L 70 5, [ERYENL [ 2 “HIIG SE2 7201203, [HERE K
DEAEDZEEW 2 Fio L —F =R L2 (AL ENSELLER DD, ZNEERT L7
FEE LT, HEEHa L ZFMT2 2 LnEX NP, BUROICEBEE = 238 /RIME
BN ERFETH D720, PRIMEBICE N THHE R 2 LI T 20 ENH D,

LbDZ L aliE 2, AMZETIE 2 B O R TR RN EER L —F =t v — 2=tk
54 OPO L —H— LAt = L&At D 2 Lick- T, [1] fCHRE# sz
HRAZESCIROE L DT a N2 A Tx2 iz [2] H5FOIRBIEERMER 2R L LT
THINS S AT T,

[FEBR ERER 1] AR E b L 2 RS L — P — IR OB 58
FEREAEEN TO OPO BFEIE pump Hiwp, signal

Fims, idle Hiwmi (0> i) &TIUE, op=os+ oi T
LEED, M1ICRET L SR fRNIC 2 Ao Pump| 1 Lsignal s
° - S RREREE wWp T Bowtie cavity
pump Jtiopr & opz ZEA L, signal ALE LD ppgq | DFB2 & PPLN
ol niE, 260 idle foin ., o ZfF5H T L0
> > NP =2 /73?? R wPl Cl)pz
TX 5, BT pump Yt & U TEBERMNITZ T, Idlerl ®@i1
Fa—=2 T L VDIRN 1 im H# DFB L —4%—2 Idler2 w;;
v v

Baseed E LT, 1 BEDT 7 A 3—=7 7 THIIE
L7eb D% pump e L, U v ZIRERN O PPLN 1 2 &HRSOEHE A OPO OJFER
Zihkd L7, K2 1R T X912, —F— FHEIR L 72 signal )t (1.5 pum #7) Z MO reference
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cavity IZZE{L L, DFB L—H—%45+ 25 2 L1tk > T, 2D idle & (3 um #y) D[FIFE
U N RREIERER L, e —— L L CORIEHDIL 85-95THz T, =
T 1 THz DE— Ry 77 U —sife il Bdm o 2 Ml Uiz, 2 AMOMEZEICE L
TI%2 5D DFB L—H—DEAE A RF OEH¥EEZICEr F—m v 7 2179 2 L T THER L
77

[EBR LR 2] CHy OIRENES & AV /o 2 B

Z DA IR DA FE % - R ARMITSIES
RTTE®D Z CH4 EENEE ---mm----- I: ----- |
I T DPO7054
W B EE | | i ” Py |: ' THAAEE FvnRa—7
EEH [€ N Ea
BxiT o7, 3 ICFRTE | . e |
= - S e gs / FrAn—7oF ﬂ‘/ : M WY Amp
912 CHy Dvs 73 RIZES : / L \’rove Py
PLOCK || umi
WT RDENRT L, A1 | I Widie pume
| 'y CHyg
=7 LIZBRO 2 & ! :/
]

S B % BRI 1T T —-- 200/
~ . S BN R TS
Eﬂﬁ L7-bD%K 41105 X 2 2E/\q%§77ﬁ: Z‘&IEE':K

To ZOLEDNUTIEDOSEMEIL 170 mW % 0.22 mm (ZHEL
L%é20m1®ﬁﬂtw¢:ﬁxbk\ah@Eﬁﬁ1m
mTorr CTh b, 7 —7 KT 2 FEESE%, BT

IZTHhRAESBEL TR L7, Ry 7T —IAR 0 ORoILo
T 4 v T ORETIIEORRNE & FAFAR 0 IZ X > THIR S 4L
% 4.7TMHz £ T 52 &N TE T,

[ & & D)4 RO TR TH LRI
VDA FAVED R T2, BUR TR
ROREITREFCTRES 100 MHz
R, ZEWITE— RKRy 771 —0
1 THz N HIE=Z o B RO 5
10 MHz FREE CTH D, A, HJEHE
ﬂ&&n/7%ﬁ2\mﬁf
AUV N e b /A N 2 e
%o Flo. EHBTH D = LD
frrEFEZ BEE L <

intensity (liner au.)

800 900
relative frequency(MHz)
X4 100 mtorr o> 2 EILIE(E 5

(1]  AREN ITARIMEEOEE I 5L = 2 % O 7= B AR AL 652, Vol.41 No.9 p.475(2012)
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Extensive Measurements of Permanent Electric Dipole Moments of Methane
(Keio Univ.) Shoko Okuda, Hiroyuki Sasada

The first- and second-order Stark shifts are measured for 24 transitions in
the v; band of methane. A spectrometer with a difference-frequency—-generation source
and an optical frequency comb has a tunable range of 86.7 to 93.1 THz (2890 to 3103
om'), a spectral resolution of 400 kHz, and a relative frequency uncertainty of 10
""" The analysis considering not only the Coriolis interaction but also higher order
rotation-vibration interactions gives the vibration-induced permanent electric dipole
moment (PEDM) of |A,,| = 15~20 mD. In addition, Stark effects of the ground state due
to the rotation-induced PEDM are also observed.

A2 5F (CH) FEMEAROEBESFTHS. LH LEEEECIRENERIIZ &L Y KA
MBFE—AIMNGFRINE. O EIE 1953 FEICKELN 3 EHBIRFTASZ UM
KAPIBFE—AY bEFHD] LHHBMICTELTLUERY, BEICESD T THALERME
PEEBENMTHONTWE P CO y XU K P EEBIE, FOBBREKRHEMN He-Ne L—HF—D
RIRERBLEBARA—BT S0, COMEHLNOTHASINSL? | FLERBERRKETHE
BLFRDKAPBFE—A Y FAFHESH, EEEBOBRECL12ILI DT FORIELD
KAPBFE—AY FNRESINATELO O (ELEASE1.66 umBED 2V 0 KO TR
DEBTYAZNINREHBIL, ERIFEXRATEFE—A2 bOO ) ELKkENEZ
BASMIZLE®. LAL, v\ RTIEENBO AT OREINENTIV =128, BRIAEFTN
Y F&KIZhEZHEFIThbATWEN o1

HalE, RE 1064 nm ® Nd:YAG L—H—& 1550 nm DM ER LIRSS EY &K L —+ — (ECLD)
FRV-EZEREREERICEY 0.3~ 1MW EBEQHFAXEZR TS, ERRERFRHICEBHLEL
BEHBALIZKDABFEERRBORE EBAMBRIRSEICKY, ARY ML FEREF 10°, F
RMREREEL 10" 2B TS, AMIETIE, COX%EEHERALT87.5~92.8 THz (2927~
3095emM)IZHB VN FD 20 ADBBTIRDL 1BV IT T E, AXKDEBRT2RD
STREEBAILE. B11EPO) F'BEROVAZILIERARRY MLTHSD. CTHIEJI
DEZARNDHFETHDH. BERRLLEEBESOREZTFITEERICZLT, AN=0&4N= =

7 12

ﬁé‘
3
o
&
©
o
oo
w
-7 =12
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
v/MHz — 88 084 799.652 3 = 0.001 3 v /MHz — 88 084 799.65 + 0.04
P(8) E1), DC 25 kV/cm, AM = *£1 P(8) EN), DC 25 kV/cm, AM =0

B1 AZ2D v\ F PB) FIBEODLARILIERARRY L.
L =BiHIE 25 kV/em THS. ERDN AN = =1, BRI AN =0 DEBTHS.
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1DEBBZEHALI-. 1ROV ITPBRIZEKY, ThENLEEGDON=-T, - -1, 1,
TDEF1AERKDARY RILIEDNEEEFERINT NS, AN=0& AN= £1 DEBR R ELLE L,
LTEFGD2ZNVI DT REREL:.

BIESINT= 230 T LK ARBFE—A 2 bERDI-. REKOEHRTIE, KH
ik o)A UHEERFEF TEZERE L REBBAHZEZFERAL, KATBFE—A 2 bER
HTW=. LHOLIDFEICLLBHTIE, REFEDKATBFE—A > FDEA 5-30mD
DLEFEIZHEZYTRACEFH L. TS TEARE, SHIIEROREBREHEEERZST
NI =T UoFEYRABIELI. R1IE2 DOAETROE=-|RIRBERED S 22U
B CEZDEIMRES (6 = (| CQotocoriotis| =] Ghisvork]) /| Ghiswork|) ZRT. 1RO 22 )L
DT MEICERWTAE= —CPlHe/J(+)EREIND. T eIINERESE, PIEKAER
FBFE—AVFTHS. ClE, HHITHFTE, JOSFEHAMDEE AIZHHTLHET
H5. J2TEOUAVHEEERAEFTEEINILE LWLNEBIBHEAEON LD, J23 TE
BLC JIZ2EULD ERHIEOEMLLHY, TOROERDIREIEEMAEERT CHAKEL
TS ehhhofz. BE EERKEBLEMEREBOBMADL 2 2ILITREEEL-#
WETO>TLS.

K1 2DDFBITEICKD D12 GRE CRUERMRE.

JR I |Cup-to-Con‘olis‘ ‘Cﬂlis-work‘ d J] R I ‘Cup-to-Con'olis| |Cthjs-work| d
LE 0.8660 0.8660 0 66 L 0.02946 0.02467 0.19
LE 0.2887 0.2887 0 67 0.08157 0.09592 —0.15
LE 0.04124 0.05267 -022| TsE 0.008837 0.01447 -04
LW E 0.1856 0.1970 —0.06 T E 0.09942 0.07585 03
4 E 0.1559 0.1299 020 | 7sEW 0.01078 0.008968 0.20
4s E 0.1039 0.1299 —0.20 | 73E@ 0.05717 0.07329 —0.22
5. E 0.03779 0.05293 -03 8 E 0.03184 0.04263 —0.25
55 E 0.1039 0.08240 0.3 8s £V 0.01397 0.007636 0.8
S¢ E 0.02624 0.01985 03 8s E® 0.07411 0.05325 0.4
6s £ 0.02855 0.03811 —0.25 & E 0.01981 0.01608 023

Eﬁ‘%i&ﬁzy 1i%®ﬁﬁ*ﬁ5£(:$%>°/19)b71¥:§5l Gp—to—CorioIisy ZKEJT?{'C“Z‘?&)T: cth\s—worky *Eﬂﬁ% o) —Gai)é
CCTJ/REAEBEETH, AREEGOMEFEEFH, FENEAFEOBHNRIRTHS.
K= RU8IE 1 DO LERMRNIZ2 DD ERIENH S0 £V, F2TRALTLS.
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Microwave spectroscopy of isoxazole
(Univ. of Toyama)
KAORI KOBAYASHI, NAMI HORINOUCHI

Isooxazole is one of the 5 membered rings with hetero atoms. We have observed microwave
its spectra in the 40-340 GHz region by using conventional source-modulation spectrometer at the
University of Toyama. About 530 lines were assigned as the rotational transitions in the ground
state.

[F3R)] o« VA3 — L (CGHNOYIA~T v R % &
5 BBRIbEMDO—o>Th b, X 1 IZn gz Ry, 1Y
FE Y — L a fili7 T 1.98 D, b fili7 I 2.12 D DM
i {-E— A > b & FFD oblate 725+ TH D, [1]le > b
ADES7 5 BRILEMNREAFR TRO2H->TED, 5
BBRILEMLABROER S THEMEEZ LN D,
ZAVETIZ 35 GHz LT DA T~ A 7 s toil «
EPTOAI, FNERCIREN IR BB D[RR A~ hLiZo
WTHIRE « T2 STV D, [ISBIL2 LR 64A8% M1 A YAFT Y — /L ofkiE
OEW I L DB TIT L BV EREE O, F—
ERMBETH D, AW TIEY 7 2 U EH £ TORE OB WE IR OV ER ORI E
ZHfELT,

[E8R] ARZEBR CIIEILRFORFEF -~ A 7 oo EREEsER L, ot g
W— L) 2R g A AR D ORI E L, IR~ U 7 A THAI L 72 InSb Detector & U
Ty AR Lz, A YA %H% Y —) 1 (Sigma-Aldrich) D& /)% 0.03-0.05 Torr & L 7=,
40-340 GHz # COMIE 471> 7=,

[#ER] WEITREDO~ A 7 nll I L 2MET —F ZHmMr L., THEZES Z & Tit
Wiz, 9.6 GHz BXIZNY R~y RDIE - &V L7298 Q-branch 3Bl D Z E R TS
7=, —fl & LT 62 GHz #7128 7= K. =6-7 @ Q-branch % [X] 2 |Z77F, K, T OWTIHMEE L T
B, EMREE SR BB STV, K9 530 KOEBPNFE I NI, LM BIR
#phEREO b DL B 5ER L ZHBLH ST, fEHTIE SPFIT/SPCAT[4]IZ L - T
S-reduced Hamiltonian % i\ TIT> T\ %, BIFEE TIZ rms=77 kHz f2fE L 72 > Th v . Ehk
AR TREWED, BT EROKELZED TN D, S%RIFMCWERER OT — & 21
BL. BESHEECOWTHIT 21T TECTH D, BREMEORED R/ D A X —
JNZDOWTHHEEITO TETH D,
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KFORE ) ORMBIEEZ T TThIVE Lz, GREE S 15H03646)
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[1] W. C. Machrodt, A. Wardley, P. A. Curnuck, N. L. Owen, J. Sheridan, Chem. Comm. 19, (1966)

692.

[2] O. L. Stiefvater, J. Chem. Phys. 63 (1975) 2560.

[3] O. L. Stiefvater, P. Nosberger, J. Sheridan, Chem. Phys. 9, (1975) 435.
[4] H.M. Pickett, J. Mol. Spectrosc. 148 (1991) 371.
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Millimeter-wave spectroscopy of Hydantoin
(Toho Univ.2 Toyama Univ.”, NAOJ) Hiroyuki Ozeki? Satoshi Todaka®, Hiroto lhara?,
Rio Miyahara®, Kaori K obayashi®, Masatoshi Ohishi®

Hydantoin (Imidazolidine-2,4-dione, C;H4N,O,) is one of five-membered rings with heteroatoms and
Is also known as a direct precursor of amino acid by hydrolysis, evidently. Theaim of thisstudy isto
provide spectroscopic information which is useful for the future astronomical search. The hydantoin
vapor was prepared by heating hydantoin powder to 150 degrees Celsius, and spectral line survey has
been conducted in the millimeter-wave frequency range. The DFT calcul ations suggest that the
permanent dipole of this molecule is approximately 3 Debyes and lies mostly along b-molecular axis.
About hundred and fifty spectral linesin the frequency region of 90-150 GHz were so far assigned to
b-type R-branch transitions, and molecular constants including centrifugal distortion constants up to
the 4th-order have been determined. The obtained rotational constants agree well with the calcul ated
values. In addition, some of the unassigned spectral lines were attributed to the hydantoin transitions
in the vibrational excited state. We will report the current status of the analysis.

(F]

v & kA > (Imidazolidine-2,4-dione, CHJNL0,) 13X 112~ & 9 2ti#E 5 BER(ILAEW T
HO . ST TR T D EROERNLRT I VBETHL 7V o BERTHZ LN
ﬂ%hfwéo55%@5mm7w%w%ﬁ#ALk5%@tﬁy%4yi [RIER D SRS
FOERET 2V BREERT D, WHENa Y RIA MRICEEET R /iR ice L0 b A v
HERARHESA TS, W :h%@%gﬂkwioﬁﬁ&%ﬁfkﬁ¢’&ﬁ?émiok
ONERHSLCT D Z EIXFEHEICBIT 2 EMBEMDEOEKBRO—REHLNITHZ L
Thbh, BFZEMICBTe X by (JH) OEEBIIZOEWRTT X VBOBEREp &L
ICEETH D, Lﬂb %mtﬁyl4/® PHEFRERIIFR A OMBR ERETH DL, KN
METIE, S VERFICBITDLE X Mo COHMEHEA T ~ AV ORNE &R AT,

[EER]

il (Sigma Aldrich) D& %> A UK %E T AB/ALHITK 30g HiE L \ﬁﬁagébﬁﬂ
5 150CETMA LR LSz, T VEE CONEREITHFARKFZOFEERERE~ A 7 v
Wy tEt &2 VLT, 85~150 GHz o8 i T - 7=,

(AR bILEEHT]

2 2 DAY X RIERGIT 5.1 0 DFT 35
12 &V kD BTV D, BT E— A > MIRE I > THY
ZOWBERIC AR MRS = B TR, 135—145GHZ DR
BEH T — A PEEITo72L 2 A, BLZ 3430MHz DJE

BT 5 20 BBy ) — Xl L, B B2 A O
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BTN E 100CLL EICHEVL 7= & E 2B L, 2oL ad2— BRI L7-%IZHN
BT HLEHB L2, BNMAERY TIER, EX 2 M VHKRORAST ML THD
EBZZ B, I TCHESMEE (L L, A7 hLd S/N ZH) b S CTEEER LIoRER,
[EAE D AR THILT 2 AT FVBBNIENC L H D Z N nh-otz, K212 —~A
BRI OFERDO—E A2 R~ RF sk TRT 4 KD RALT FLFROKN Ka=0-1, 1-0 7> & 3-4, 4-3
FTObLRREESRLE L THATHZIENTE, ZNEKIZE 5T high-Ka OERZ T1E
L7l ZA Ka=6-7, 76 ETIRBEBTHZENTE, LLK2HFOOBIUOT/RLEEL
BEANERIE DR X 7o AT MOVRRIE, 1L [FAER O AR TBAL D & O OFN T X 7o
o7y DFTHEICL D&, BEX LV A ATIEH 130 em ' 38 LT 150 em ™ OARIRE) £ — R EE
T 5, IREFEEIRREE LTRE Lo AT MUBREDIRELNDE X D & ZILHITIREN)
EREH R TH D LB BN, BUEE TlT, REZLERREE & “FEORERI R EEIZ OV
T, FHEEHKE N 4 RE TOROLIEERZRE L, IV EHFOTEERERICOWTITER
BEeda 100 kHz N TTRETHZ ENTEXDH X170, BFEZERTOE XV M OBE
MNAREIZ 72 o 7=,

142000 142100 142200 142300 142400 142500 142600 142700 142800
Frequency (MHz)

X2 1426GHz HCEIAI L7 X > b A » OfiAEE AT kL

[1] A. Shimomiya, R. Ogasawara, Origins of Life and Evol. Biosphere, 32, 165 (2002).
[2] Y. Fang-Lei, C. H. Schwalbe, and D. J. Watkin, Acta Crystallogr. C60, 714 (2004).
[3] S. Belaidi et al. Res. J. Phar. Biol. Chem. Sci., 6, 861 (2015).
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Millimeterwave Spectroscopy of Allene in the Degenerate Vibrational States
(Kyushu Univ., IMS) oK. Tanaka, K. Harada and E. Hirota

Vibrationally induced rotational transitions of allene in the vq (rocking, /
999 cmY), vio (wagging, 841 cm), and vu (skeletal bending, 335 cm?) \s//
vibrational states with the selection rules AJ = =1, Ak = 0 and Al = £2 were M,
measured in the millimeterwave region of 80-400 GHz although allene is a " l
non-polar molecule. Nine R-branch transitions for the K = 0 stack were
observed in each of the ve, vio and vi states, as well as sixteen-twelve Vio

wagging

C
|

transitions between the kIl = +K Coriolis components in each of K=1 - 7
stacks of the vio state. The signals for K = 1 stack (kl = —1/1) were split into C
I-type doublings (A1-A2/B1-B>). Accurate molecular constants in the ground /
state were determined including Aq=144249.34(20) and Dko = 2.8091(61) H
MHz, ones along the z-axis (Ss) of D2¢ symmetric top molecule, from an

analysis of the present MMW results combined with those of a Fourier Fig. 1
Induced Dipole Moment

transform infrared study. The parity doubling (B1/B2) constant for K = 2 in
the ground state was also determined significantly to be d,= 118.7 (41) Hz which is caused by the
off-diagonal (Ak= +4) centrifugal distortion effect characteristic to a D2q molecule. The energy levels in the
vip state are strongly perturbed by the Coriolis interaction with the v4 (twist, 848 cm™) and vy states,
<FFi#i> 7 L %1 (HCCCHy)IXDay %
Wz O Ma~ o Th b, KABIMN Vio
1% B 72 720 O Tl O [l E B B S 2
R OA, FEEIRB AL S5 &2 (Se)-Hil B
N/ SR BB R IARA- S N FHAL S D (K 1), 0
U K D IERRANAI = £1, Ak =0, Al = £2)%
Fro ERER N E U D05, T OBIILE % 4
Thod, T720BKDOERLR S (Ak =0, I=1--1) 5
NI 2 RS OV, RIMEBR (AK =AlDFESE &
At s L EEREDOKD B7e 5 (AK=12) (
AL D =L ¥ —[HfEAE2kZ 52 5 (IX3), | | |
TAUC KV EHER D B AR R T~ 4y 7340 35 GHz " 360
Dz-HJE Y O IRIEEE B Ao it L J) T E B Do’ Fig. 2 Observed Rotational Spectrum of Allene
WO TIRESNDND TH D,
F& 4 135612 ve (rocking, 999 cm™), vio (Wagging, 841), and v11 (skeletal bending, 353):1kHE D K=0 33
KOV IREED K=2 DIRTNFH L BIRAER & IE Ll A4 W L7z(X 2)Y, 4l K=1 B L0 3-7 #
AL TE Z Pk U ISR AE D [lHRE L Bo R0z 0 /1B EEL Do ZFEE B S RDT=DTHET 5,

Vi
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<EEBR>  280-400 GHz # ORPEITITy 0D I U o2k (3.5m 7 Y — A~ — 2B+
V) % £7- 60-280 GHz SEIBOMIEICIZ KOS E G S U 45 eEE (Bt E 12m) %24
W, BRI BZETNEIZ X0 2 RIS OB A7 MVEBRI LT, 7 v AR 97%) % &
JUHRIZ 50mTorr 1% & EFA LR RIGER 2S 2 8080 S 72 8 RZ BT AHA) (isobutane, propylene,
propyne %) D & DT o7z, [AIHEFROBRIE(E50kHZ 1Z E)NEFEIZ Ry 7T —IETH 5,

<HEE> % 100 KD REFE R EER % Vip K=2

120-390GHz #fils CHELAI L 7=, 340-360GHz %l ¢ -

HITE S 72155 % 1K 2 ICHERAS R T, vio IRIED g1 MMW

K=2-7 #EALIZ = U A VIHIZ LD 2 D(Al=x1)I2 53 20, 1

%, K=0 YERCIZHU T %45, K=1 HEfiri 13 e
2 FIHIC L 0 B A E L BRORAS 4 SOY R

(7 (A/As, ByBI =T384 5, @ O% =~ 20

F O KHEE LT 2o JIEFE—-TIE
7o KEERICE D S EXFE(14-23)THDH, ZDL 20

K

AE;, 3

h 4

72 ORI L & F 12 AHLEH L 7=, k=1 G.S. (I=0)
IREFHEER L vio /Ny RO FTIR G 2D HE R L
ARG HET(X 3), FELEIRAEDAK=2 DUENLHFE Fig. 3

AEk+2k % K=0-6 DO#iPH THI 400 kD7, ZiL L FTIR Combination Difference of MMW/IR Data.
NN BFFH N HAK=0 HEAL I (K=0-12) #J 1600

% [RIRFAAENT U CREEIRBED Jy B & R T (3¢ 1), Table I. Molecular Constants (o)
FENT DFE 751X 8.2 MHZ TH D208, ZUTIRA D
HEEE(~0.0004cm L) |2 & %, [l % Bo < Dy DT . Ground State Unit
[A]#E E AL Ao = 144249.34(20) MHz, 3% /0> /178 4% Dko

A, 144249.34(20) MHz
=2.8091(61) MHz 33 1. U8 Hko = 269 (61) Hz 23RBS
FER OB LV EE L E O, Ack LT Do % 8882.0481(72) MHz
1. 3FLOIRINER (vir, vesvir, Vesvii—vi) DFEHT Dk 2.8091 (61) MHz
LEONTAE & B —BLEITHENR, RE) Dk 158.43(29) kHz
HEER OBLINC XV vio IREE K=1 o |5 2 EIHD D, 2.6323 (20) kHz
XIFRPE(AV/AS, ByB1) & il LTz, FEEIRAED K=2 % H, 269.4(606) Hz
AZ(B2/B1)iZ J=30 DIFITHKI 30MHz 432 L TV % D73 Hy, —276.1(32) Hyz
ol ZE D EOEE d= 1187 (41) Hz % d, 118.7(41) 4y

RIE LTz, Z OBy/BirZdidis O ) B B0 Xt 4 1H
(Ak=£4)IZHEA L Dag 3 FIZHFA R BLSR TH 5.

F 7ovio tRAEIE, vo (z-5Y) 36 K Obva (X-2: twist, 848 cm™) JRFEL D=2 U A U MHAERIC LD KX
PRAEEN AT T D, vio IRENZ KV §1,=0.045D DFEL MG FRERMNFHE SN D08 Y2 id LHCC
EANEMIZL D 2 BREGC=C)DOmETNRELBET 72O Th D, REIFHEEER OWITRE X
106~10¢cm? &b D, BTE, veds L Uvy REDIRBFHEEZONELEITH TH D,

SCHiR: 1) CPL 153, 237 (1988). 2) JMS 110, 326 (1985). 3) JMS 141, 309 (1990). 4) JCP 87, 4465 (1987).
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High resolution spectroscopy of higher vibronic band of
naphthalene referenced to an optical frequency comb
(Fukuoka Univ® , UEC".) K. Nakashima®, A. Nishiyama®, and M. Misono®

In the excited states of naphthalene, there exist interesting phenomena such as, internal conversion
(IC), intersystem crossing (ISC), and intramolecular vibrational energy redistribution (IVR). For
vibronic states with excess energy of more than about 2000 cm™ in the S, state, IVR is known to
become prominent. To analyze the onset of the phenomenon clearly, we observe Doppler-free
two-photon absorption spectra of A'By, < X'A,8%4" transition of naphthalene. The excess energy of
the excited state is 2260 cm™. We used our high resolution spectroscopic system with an optical
frequency comb for accurate and precise measurement. We obtained rotationally resolved spectra from
34277.60 cm™ to 34279.85 cm™, and corrected the wavenumber axes of the spectra according to the
optical frequency comb. The FWHM of the obtained rovibronic line is 2.46 MHz.

[FF] 270 F DA FVIE IRV ERESEIZ DT > THREEREE 2 FFo, B bk
RN TIENERERHE (IC) M2 7 (ISC) | 43 FWIRE) = % L ¥ — 0Bl (IVR) 72 & O B
RIRWBLR PSR T D, FRIC, @l r L% — #2n2cm<knk%uﬁfﬁ~/kaiwvt
IVR BB 5 Z EMHE SN TWA L], 20X 5 2B AT 572012, Fx
IS = A% O T ERE R e B EGHA A 7 A &R L2 (2], ARl B LIV AT
LT T H VU DESRIEASY MVORIEICHEF L, W R0 —539 2260 cm™ TH 5
AB«X'AB' 4 EBED Ky 7T —7 U =2 A WINALY MAERIE LT,

[FBR] X 1 ICAMFIED FERR Y AT K s Lz, i & LT RAKI 583 nm, (/7 1.4 W,
g 210 kHz D taF L —H—% i, Ry 77 —7 10 =2 T W AT LT, 777V
— o N —RBRNICHRE L2 7 Z LA S OBOETREE 2B U7, TE TS gk
REZ D72, Pound-Drever-Hall ¥ % v CHARE R 2 Hl4 L 7=,

/ Ti:S Comb
M2 A/4 [ Power:460mW S N
/A 600-1200nm 1. R AT A
PBS AOM: EH L7250
[RF Svnthesiz rH PC Frequency Counter fiv, PBS: )G E— A2
/h L ynthestze (beat frequency) 7w Z—_ PCF:.7 x
M= TR T 7 AN

4

, ,_/—\_
—. DG:[al##& 7,
— PMT: 7 F-HY 5.
Power:1 4W ]

Linewidth:210kHz '[ Photon Counting Umt
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JEREGHH S A7 A ClE, Ti:Sapphire = 2 %% U CJEEEZHIE LTc, ol L=k L
— =% AOM ICAS SHETY 7 MaEEZHE L, EEE = AL ORIZAEL LB — b
JERE A PE Uz, RRPIETIEX, 2 L0F — ROkt JE RSO A D> S 25 B EGHI O
MSZPREL TN D,

(8] F7 2 Lo AB— X AB A BB DN R 20 hs BARE R BN LA % A49Q(J)
BEBHD ALY MVERE L, AEIE. 34277.60 cm™ 725 34279.85 cm™ O #PHOHIE A 1T -
72 B 202, JIERIE LT, 34278.56 cm™ /> 5 34278.64 cm™ D ALY RV E IR LTz, A,
2HTEBEBTHDLO, AR L —F—DEED 2L R>TWVWD, Y4y FLlicn—Lb Y
A% FWHM 13 2.46 MHz Th o7z, BUfE, IQUERIZ DT, [IESH D7 8 & AT 2 it
HTND,

[1] S. M. beck, J. B. Hopkins, D. E. Powers, and R. E. Smalley, J. Chem. Phys. 74, 43 (1981).
[2] A. Nishiyama, A. Matsuba, and M. Misono, Opt. Lett. 39, 4923 (2014).
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Application of the Dual Comb Spectroscopy
to High-Resolution Spectroscopy of Rubidium atom
(1. UEC, 2. JST, ERATO Intelligent Optical Synthesizer (I0S), 3. JSPS )
A. Nishiyama'?3, A. Asahara'?, S. Yoshida'?, Y. Nakajima®?, and K. Minoshima'*

Dual comb spectroscopy is a Fourier-transform spectroscopy with two optical frequency
combs which have slightly different repetition frequencies. The dual comb system has the
ability of high resolution measurement only limited by narrow linewidth of comb modes.
In this study, we applied the dual comb spectroscopic method to optical-optical double
resonance (OODR) spectroscopy which is a velocity selective spectroscopy. An external
cavity diode laser was used as a pump laser for OODR spectroscopy and transitions from
the intermediate states were observed with a dual comb spectroscopic measurement. We
observed fully resolved hyperfine structure of 4Ds3/,, 4D3/2¢-5S1,2 transition of Rb.

(] SaTILALDEEE . DTNCERDEUERENRRSD 2 BOXERE I LEAVE
DHETHD. SDEFEE - SFRE « [NRIEDANRT MU ZEFE TE3 S ENTEETH D, §F(IC
DEREE(CDWVTIE, T—UIEMBRNDHED K DRI ROMIREIIFESIZ BT (C. FERKE
1 LOHR DR U (frp, 2D SEE MHz) OHREENESND. S50, HERE AL
BT BDEE— ROBERIEREIREIFEN S, E— RERBOSHEERSIZMAD 2 ECKD. fip
T OMMMSS £ 8T 3 EBAIMETH D [1]. 2L, HERSBIAEEENEICHE
D¥EF. DLDE— R 1ARBEDD) CTI—HNENEICIHEEDHADBBEIE#H L <. =N
X TICT A TIVIALDHEEIC LD TESNIEEHED FANRYD NILDOERBEODHREEX. Ry TS5—
IBCHBRENEZEDTH I,

TCTAMARTIE. Ta27)ILILDEZ. JLADRERSSHEEEZEN UEEDRED 5
HINCHITDCEZBIELU. T2 7)LIALAS AT A% YE-FHZEHIE (OODR) A (SERA U,
OODR SWETIE. Rw TS —igk DB+ THERIBRBFIEN (C &> TETF & RESEIRN (CHhRS
EMCRET BT ET. Ry TS—IBOHIREZ I RVEDREERRY NLAESNS. BREL
f= OODR F 2 PILALDHS AT LRANT, Rb EFD 4Ds)s, 4Ds)» < 551/, B[] RE

Lock . .
External Cavity 5 i Fig.1. Experimental setup for
Diode Laser (ECDL) | ,50,m OODR dual comb spectroscopy.
fiep SCAN N FC: Fiber coupler, BPF: Optical
 lock = X band-pass filter (center wavelength
""""" : _ =1530 nm), EOM: Electro optic
> Signal Comb Saturated Absorption modulator
= Spectroscopy of D2 line ' N
lock freps = 57 MHz P ad Date Acquisition
_____ BPF Digitizer
cw Pump (14 bit, 256 MB)
| 1560 nm
lock v
_____ Local Comb Computer
ligmi = ann Ay Coherent average
FC -

Dual Comb System FET
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L. iBiiEsz o6 L CERAT 3E0/EES 1 07)L LD EHRIZIT O 12,

(328%] Figure 1 (C. AZEBR(CAHUL/Z OODR F 1 7L ALDHS AT LD Z R UTE. Bhie
RYERE LT, SMERHRESEE(RL — — (ECDL, #8018 < 1 MHz) ZRUL\. ¥Rb M 5P3, <
5S,,, BfSZhhtc U7z (Fig. 2). ECDL (&, BaF0IRINDYE(C K> TEIAIL Tz Rb [RFOEBHHHEE
B%(C FM DY EZRAVWTEEIELTULD,

FATIVALDHS AT ATE. PREEMICEEENIZ Rb R FD 4D5),, 4D3/, ANDER (Fig.
2) ZERFICEAIUZ. ASRXFTATIE. 260T— REH Er D 7 1 /\—L - —&XEK
HIALEUTAHWE, 180N (SJFILAL) & fip (81 57 MHz) EATY NEKRE =
RF BIESEE(CEZELL. D 1E8DOA (O—HILOL) (Fow L—H—ZN U THEINICE
b Ulze COBREILICEKD T2 EDTLDIEMIMES T HRIAEMIRIE(E. 1HZz LUFFETHD
ZIBNTWD, STFILILDENF . BhieX EERT Rb WILICAG L. O—HILIALED
FHZEEOIZ#. I\ RIR TS IAFZBUTCT « T IFICAF U, AERT(E. 26D
LD IR U BRI DZEA  ep & 500 Hz £ ULTZDT. 1 DDA A= 1O S LABEEICHMND
B¥f(E 1/500 s TH DT AP TREUEA I —T 1O S AL BEEIREZOEFEE L.
BERTRICT—UIEREIT DO CTARI NMLZEER. 1 DOA>2F—J 003 L05E5N
BDARI MDY TYU DD REIEERERE frep THDN. ST FILALDE— REKEEZFSIL
CREZROIRU . frep UTFDDEREETRANRT MLZEIRTZ,

(#&2] Figure 3 (C. XA TESNIZ Rb [FFD OODR AT MLz RUTZ. 125 —2J 0
IS LADOEE(E 25000 B, E— REIEFDIFESI X7 v J(349 3.5 MHz TS, #9196 THz (9
1530 nm)(C. FRIEAIDNS 4Ds)0, 4D3 ADBREHERIENIZ(Fig. 3 (a)). TDHART ML
DIE(E. H/I> RIKR T 4 )L DIEBHBIHIE(C K> THREDTLVD, Figure 3 (b),(c)(&. (a)dD
AR MIVEIERUTEEDTH D, BMEEN DR U CERAENTS D, Ry T S—1E(CHIR
SNRVWEDREEANRT ML ES N, RBAZTVBHMIlIEESERDANRT MUEE. TNne
1159 MHz & 46 MHz T#H DTz, AAFRICAWVWZHBEIEE LD frep (F#9 57 MHz THDIN5.
CDRIETIZE frep AT DODEERETODRAIEZEIR LU TULD, Fz. BESNIZANRT ML ERK
(%, RFEE(CTZENCUARESILDEE TRAET D ENTIEETH D,

FBET(E. OODR 71 V7)LOALDNS AT AEBRBNIEANRT NLOFFZIRNRD,

ARAFR(E. IST. ERATO E=REBMNNS >0 10 bR ZER I TiIThn/z,

[1]S. Okubo, Y.-D. Hsieh, H. Inaba, A. Onae, M. Hashimoto, and T. Yasui, Opt. Express 23, 33184 (2015).
[2] H. Sasada, IEEE Photonics Technol. Lett. 4, 1307 (1992).

3199 @ Fig. 3.
2 ] (a) Observed OODR spectrum of
é 0.5 -] 4Dy, 4Ds);, 4Dy, <—5Sy, transitions.
= ] 4D Magnified view of the hyperfine
g ] 312 structure of (b) 4Ds/,<5S,,, and
& 00T (c) 4Dg), <58, transitions.
195.90 19600  196.10
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F=432 F=2 3
3 0.92
S 104 il i1
2z
s 0.90
Fig. 2. £ 46 MHz
Energy level diagram T 0.88
for rubidium. 5 (b) 4Ds), (c) 4Dy,
(% 04 T T T T LN B B —

T T I T T T T T
196.0236 196.0239 [THz] 196.0370 196.0373 [THz]
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Ortho-para dependence of pressure broadening coefficients observed in the C,H>
v1 + vz band by dual-comb spectroscopy
(NMIJ AIST?, Keio Univ.”, EMRI AIST®, YNU®) Sho Okubo?, Kana Iwakuni®®, Koichi M. T. Yamada®,
Hajime Inaba?, Atsushi Onae?® Feng-Lei Hong®, Hiroyuki Sasada®

We have observed the ortho-para dependence of pressure-broadening coefficients for the
rovibrational transitions from P(26) to R(29) in the ?C,H, v, + v; band at six pressures ranging
from 25 to 2654 Pa by using a dual-comb spectrometer [1]. Each observed line profile has
been analyzed by employing the Voigt function, and the parameters for the intensity, pressure
broadening and shift have been determined. The determined pressure broadening
coefficients vary alternatively with the rotational angular momentum quantum number of the
transitions, where those for the ortho transitions are larger than those for para transitions. It
suggests that the collisional cross section is in particular large between molecules in the
identical rotational level.
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