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11:15 L07 Direct observation of the IR induced isomerization of the hydrogen-bonded 
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Optical-optical double resonance spectroscopy of the f ' 0+ (1D2) ion-pair state of I35Cl (1) :  
Determination of the spectroscopic constants 

(Tokyo Univ. of Sci.) Yoshiki Muto, Shoma Hoshino, Daichi Nishimichi, 
Hiroki Yamaoka, Koichi Tsukiyama 

 
The ion-pair states of homonuclear halogen molecules have been the subject of intensive 

spectroscopic study since long ago. However, no sufficient spectroscopic parameters have been 
accumulated so far for the ion-pair states of heteronuclear halogen molecules. In this work, we 
conducted spectroscopic investigation of the f ' 0+ (1D2) ion-pair state of I35Cl by the f ' 0+ (1D2) ← B 
3Π(0+) ← X 1Σ+ sequential laser excitation. 442 transitions for the f ' 0+ (1D2) ← B 3Π(0+) band in the 
range of 2 ≤ vf ' ≤ 17, 13 ≤ Jf ' ≤ 50 were observed and analyzed, yielding a set of molecular parameters 
in a Dunham-type expansion.  

The simulated Franck–Condon (Einstein A coefficient) variation using the RKR potential for the f ' 
0+ (1D2) ion-pair state was in good agreement with the intensity distribution pattern in the UV 
fluorescence spectrum from the f ' 0+ (1D2) state to the ground state. 
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[1] Donovan et al., Chem. Phys. Lett., 207, 129 
(1993).
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Collisional process of I2 in the ion-pair state: Electron-transfer reaction with rare-gas 
atoms 
(Tokyo University of Science) Oji Yamamoto, Daichi Nishimichi, Shoma Hoshino, and Koichi 
Tsukiyama 

Halogen molecules have a series of electronically excited states called ion-pair states that correlate with 
the pairs of negative and positive atomic ions at the dissociation limits. The energy transfer dynamics in 
the ion-pair states has been studied in the both field of quantum chemical calculations and experiments. 
Recently we reported the collisional energy transfer by self-quenching in the 2u (1D2) ion-pair state of 
I2

 1. In this work, we report the collisional process of I2 with rare-gas atoms (Ar, Kr, Xe). We measured 
the decay rate of the 2u (1D2) state by using an optical-optical double resonance technique and estimated 
the collisional cross section. The very large cross-section was explained by harpoon mechanism.  

2u (1D2)
2g (1D2) 

1 2u (1D2) 
 

2u (1D2) c 1Πg ~ B 3Π(0u+) 
Nd3+:YAG 2

1 (~19885.0 cm–1) c 1Πg (vc = 13, Jc = 23)
 B 3Π(0u+) (vB = 59, JB = 22) ← X 1Σg+ (vX = 0, JX = 23) 2

2 (34638.6 cm-1)    
2u (1D2) (v = 3, J = 23) ← c 1Πg (vc = 13, Jc = 23)

(Ar, Kr, Xe)
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Stern-Volmer ( 2)

R*  
( 1)  

 

 
Maxwell

 
 1. ( ) kq σ R* 

( ) kq 

[cm3 molcul−1 s−1] 
σ 

[Å2] 
R* 

[Å] 
Ar (4.55 ± 0.42)×10−10 107 ± 9 5.84 
Kr (4.23 ± 0.11)×10−10 135 ± 4 6.55 
Xe (6.83 ± 0.16)×10−10 255 ± 6 9.01 

I2 ( )[1] (1.30 ± 0.01)×10−10 583 ± 4 13.6 
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Rharp

( ) Eip
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3
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[1] S. Hoshino, Y. Nakano, M. Araki, T. Ishiwata, K.Tsukiyama, Phys. Chem. Chem. Phys. 18, 14292 (2016). 
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S1 S0

High resolution laser spectroscopy of S1 S0 transition of acetaldehyde 
(Kobe Univ.a, Kyoto Univ.b)  

Kosuke Nakajimaa, Akira Shimizua, Masaaki Babab, Shunji Kasaharaa 

Rotationally resolved high-resolution fluorescence excitation spectra of acetaldehyde molecule have 
been observed by crossing a single mode UV laser and a molecular beam. The observed spectra 
around 30370 cm-1 correspond to 140

0-150
4 band and the typical linewidth was about 40 MHz.  

 

S1 S0 140
0-150

4 30370 cm-1

S1 S0
1,2 ,  

Nd:YVO4 (SpectraPhysics Millennia Xs)
(Coherent CR699-29) 2 (SpectraPhysics 

WavetrainSC)

2 atm Ar
  

S1 S0 140
0-150

4

14, 15

40 MHz

(1) Y.-C. Chou, C.-L. Huang, I.-C. Chen C.-K. Ni, A. H. Kung, J. Chem. Phys. 115, 5089(2001). 
(2) H. Liu, E. C. Lim, A. Niño, C. Muñoz-Caro, R. H. Judge, D. C. Moule, J. Mol. Spectrosc. 190, 

78(1998). 

1. S1 S0 140
0-150

4  

. 
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a a b c

High resolution laser spectroscopy of S1←S0 transition  
of acetaldehyde and acetone  

(Kobe Univ.a, Kyoto Univ.b) A. Shimizua, K. Nakajimaa, M. Babab, S. Kasaharaa 
 
Rotationally-resolved high-resolution florescence excitation spectra of S1←S0 electronic transition of 
acetaldehyde have been observed by crossing a single mode UV laser beam perpendicular to a 
molecular beam. We have also tried to observe the high-resolution spectrum of acetone, however, we 
have not obtained any signal of acetone. Now we are trying to improve the experimental condition for 
acetone. 
 

C=O

[1],[2]

 
Nd:YVO4 Spectra Physics Millennia Xs

(Coherent CR699-29, DCM, MHz)

(Spectra Physics WavetrainSC)

 

140
0

+150
2, 140

0
-150

1, Fig.1

140
0

+150
2 

30114 30114.5 30115Wavenumber/cm-1

Fig.1. S1←S0 140
0

+150
2   

[1] M. Baba, I. Hanazaki, and U. Nagashima, J. Chem. Phys. 82, 3938 (1985). 
[2] M. Drabbels, J. Heinze, W. Leo Meerts, J. Reuss, Chem. Phys.163, 193 (1992). 

30114..0                                   3  01144.5                                  330115.0 Wavenumber/cm-1 
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Detection of CH3NCO in Sagittarius B2(M) core by radio observations 
 (Tokyo University of Sciencea, Sophia Univ.b, Nihon Univ.c, Gunma Univ.d)  

Yuki Ohnoa, Mitsunori Arakia, Yoshiaki Minamia, Takahiro Oyamaa,b, Shuro Takanoc,  
Nobuhiko Kuzeb, Yoshihiro Sumiyoshid, and Koichi Tsukiyamaa 

 
Chemical compositions of molecular clouds are very different from those of comets. One of 

the typical examples is a case of CH3NCO. The ratio of CH3NCO to its precursor HNCO, i.e., 
[CH3NCO]/[HNCO], is high in a comet (>4), although it is low (<0.3) in molecular clouds. An 
abundance of CH3NCO is expected to be held and/or increased during evolutionary process 
of a cloud. A couple of an old core and a young core having the similar chemical compositions 
needs to be investigated for this evolutionary process. In this work, we aimed to detect 
CH3NCO in the middle (M) core, which is relatively older than the north (N) core, in Sagittarius 
B2 region with the 45 m telescope of Nobeyama Radio Observatory. CH3NCO was detected 
in the (M) core, and the column density and the rotational temperature were derived to be N = 
(4.3 ± 2.1) × 1013 cm−2 and Trot = (32 ± 9) K, respectively. Similarly, an abundance of HNCO is 
estimated to be N = (1.3 ± 0.5) × 1015 cm−2 (Trot = 21 ± 2) K. Thus, the ratio of [CH3NCO]/[HNCO] 
= 0.032 suggests that an abundance of CH3NCO is held during evolutionary process of the 
Sagittarius B2 region. 
 

NCO
CH3NCO 

(methyl isocyanate) CH3NCO
67P [1] Orion KL [2]

IRAS 16293-2422 [3] Sagittarius (Sgr) B2(N) [4]
CH3NCO HNCO

 [CH3NCO]/[HNCO] >4
<0.3 1

CH3NCO

Sgr B2 (N) [4]
(M) CH3NCO [CH3NCO]/[HNCO]  

1. Sgr B2 map [5]

 (≤18 , ) 
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[1] Goesmann et al., Science, 3349, 689 (2015). [2] Cernicharo et al., A&A, 5587, L4 (2016).  
[3] Ligterink et al., MNRAS, 4469, 2219 (2017). [4] Halfen et al., ApJ, 8812, L5 (2015). 
[5] Kuan et al., ApJ, 4459, 619 (1996).  
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Direct observation of the IR induced isomerization of the hydrogen-bonded phenol 

cluster cations 
Kitasato Univ. Masayoshi Ozeki, Hikaru Sato, Masataka Orito, Haruki Ishikawa 

 
To investigate microscopic natures of the structural fluctuation of the hydrogen-bond networks, we have 
observed an IR-induced isomerization of the hydrogen-bonded phenol cluster cations trapped in the cold 
ion trap. In the present study, an isomer of hydrogen-bonded phenol-methanol cluster cation, 
[PhOH(MeOH)3]+, having a ring-type hydrogen-bond structure is excited by an IR laser pulse. The 
isomer can isomerize to another isomer having a chain-type hydrogen-bond structure with a photon 
energy of the IR laser. Then, the chain-type isomer is probed by ultraviolet photodissociation technique. 
We have succeeded in observing the isomerization from the ring to the chain-type isomers. In addition, 
we have also observed a reverse isomerization from the chain back to the ring-type structures by the 
collisional cooling with the buffer gas.  

1

UVPD
[1,2] [PhOH(H2O)5]+ [PhOH(MeOH)3,4]+

Ring
Chain Fig. 1
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Fig. 1 [PhOH(MeOH)3]+ UVPD
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[1] Ishikawa, Kurusu, Yagi, Kato, Kasahara, J. Phys. Chem. Lett. 8, 2541 (2017). 
[2] 13 2A02 (2019). 
[3] 12 4A07 (2018). 
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Fluorescence spectra of jet-cooled thioanisole 
(Aoyama Gakuin Univ.a, J. F. Oberlin Univ.b) 

Naoto Mizunoa, Shota Nakajimaa, Tasuku Isozakib, Wataru Kashiharaa, Tadashi Suzukia 

 
Relaxation dynamics from an electronically-excited state is deeply related to electronic states and 

vibrations of the molecule. For anisole, it has been reported that the low-frequency vibrational mode of the 
methoxy group promotes intersystem crossing1). In this study, the laser-induced fluorescence (LIF) 
excitation and the single vibronic level fluorescence (SVLF) spectra of jet-cooled thioanisole were 
measured. The intense and the most red-shifted band observed in the LIF excited spectrum (Fig. 1) was 
assigned to the origin band. The bands in the SVLF spectrum obtained by pumping the origin band (Fig. 2) 
were assigned with the aid of quantum chemical calculations. SVLF spectra were also measured by 
pumping the vibronic bands, and the vibrational and vibronic structures of thioanisole were discussed in 
detail. Analysis of the SVLF spectra showed that strong vibrational mixing due to the Duschinsky effect 
occurs between vibrational modes of T and 10b.

 –OCH3 1)

 –SCH3

LIF SVLF
 

Fig. 1 LIF 34508 cm−1

S1←S0 00 SVLF
Fig. 2 LIF

SVLF

T 10b Duschinsky  

 

Fig. 1 LIF excitation spectrum of thioanisole. Fig. 2 SVLF spectrum of thioanisole 
obtained by pumping the origin band. 

1) R. Matsumoto et al., J. Mol. Struct., 2005, 735-736, 153-167. 
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Determination of Binding Energies in Benzene-deuterium Clusters  
using 2-color Laser Ionization 

(Tokyo Institute of Technology.) Masaki Usui, Kenta Mizuse, Yasuhiro Ohshima 

Abstract We measured ionization threshold and dissociation threshold of the benzene–D2 van der 
Waals cluster by using a resonance two-color laser ionization technique. Both spin isomers, Bz–oD2 
and Bz–pD2, have be observed. The binding energies for Bz–D2 → Bz + D2 were determined from 
the threshold values: 275 ± 20 cm-1 and 305 ± 15 cm-1, respectively, for Bz–oD2 and Bz–pD2 in the S0 
state. 

 

Bz (H2)n n = 1~3
 [1]

2 pH2

oH2 1 : 3

Bz (H2)n n = 1~3 Bz (oH2)n n = 1~3
Bz (pH2)n [2] Bz (pH2)n

 
pD2 oD2 1 : 

2 oD2 Bz (oD2)n

Bz D2

 

2 2
Bz oD2 Bz pD2
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Wavenumber /cm-1 

 
  

1 Bz oD2 (a) (b)

(b)
Bz+

2 D0(S0) Bz oD2

ω1 + ω2 IE(Bz)
D0(S1) D0(S1) = ω2 + E1(Bz)  IE(Bz)

Bz oD2 ω1 + ω2’ IE(Bz)
Bz pD2

1  
 
 

 
30 cm 1

Bz oD2  
 
 
 

Bz pD2  
 

pD2 j = 1  
 

 

 
[1] M. Hayashi et al., J. Phys. Chem. A, 117, 9819 (2013). 
[2] 2018 3  

1.  Bz D2  (cm-1) 

 Bz oD2 Bz pD2 
D0(S0) 275±20 305±15 
D0(S1) 251±18 274±14 
D0(Ion) 322±28 291±22 

 

1. Bz oD2 (a) , 
(b)

2. Bz D2  

(b) 

(a) 



High-resolution spectroscopy of polycyclic aromatic hydrocarbons by a Ti:Sapphire laser controlled 

with an optical frequency comb 

(Fukuoka Univa., Kobe Univb., Nicolaus Copernicus Univc., Kyoto Univd.) 

S. Yamasakia, M. Misonoa, S. Kasaharab, A. Nishiyamac, and M. Babad 

We have been studied the detailed structures and dynamics of polycyclic aromatic hydrocarbons.  

We constructed a system that controls the frequencies of a Ti:Sapphire laser with an optical 

frequency comb to observe high-resolution spectra more accurately. In this study, we observed 

spectra of 9-methylanthracene with the developed system. 

Ti:Sapphire

9- 9-

742 nm Ti:Sapphire 2

2

Ti:Sapphire

fAO

105 106

frep fCEO

n nfrep + fCEO
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Quantum state separation of ammonia in real space with the Stark deflector 
(Tokyo Institute of Technology) Kazuki Ueno, Kenta Mizuse, Yasuhiro Ohshima 

 
Abstract  

The inversion motion of ammonia is one of the most recognized large-amplitude molecular vibrations. 
We are developing a new experimental setup to track the spacio-temporal propagation of the ammonia 
inversion. Here, a Stark deflector has been implemented to select one of the inversion doubling 
components by applying an inhomogeneous electric field. We examined spatial distribution of deflected 
ammonia in each quantum state by adopting REMPI measurements via the  transition. 

 
MASER  [1]

 [2]
 [3] ,  

Stark
 

 
Stark 

 [4]
 (High Field Seeker: HFS)  (Low Field 

Seeker: LFS) s

+5 kV
 (REMPI) 

 (  )  [5]  
 (28%) 0.25 MPa Ar

Stark Nd:YAG
 (Surelite II-10, 532 nm)  (ND6000, dye DCM, ~620 nm) 

KDP

.  
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[1] Gordon, J. P., Zeiger, H. J. & Townes, C. H. Phys. 
Rev. 99, 1264 (1955). 
[2] R. P. Feynman, R. B. Leighton, & M. Sands, 
Lectures on Physics. Volume 3, Quantum Mechanics, 
Addison-Wesley Publishing (1965). 
[3] 

 L11 (2020).  
[4] Hendrick L B. et al 2006 J. Phys. B: At. Mol. Opt. Phys. 39 R263. 
[5] Moana N. et al. Phys. Chem. Chem. Phys. 7, 1527, (2005). 
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Rotational spectroscopy of methane dimer by time resolved Coulomb explosion imaging
(Tokyo Institute of Technology) Yuya Tobata, Kenta Mizuse, Yasuhiro Ohshima 

Abstract We measured the rotational spectrum of methane dimer by time resolved Coulomb 
explosion imaging. The observed spectrum consists of multiple series, indicating the presence of 
nuclear-spin isomers with different internal rotation states of the CH4 unit. We determined the rotation 
constant and the intermolecular distance for each series. This experimental finding shows that the 
effective intermolecular distance depends on the internal rotational states. This result is important 
experimental information for the construction of the intermolecular potential energy surface for the 
methane dimer. 

(CH4)2

 
 

1 (CH4)2

, 400 nm, 390 fs, 12 TW/cm2

, 800nm, ~70 fs, 2000 TW/cm2 (CH4)2
2+

CH4
+ CH4

+

t CH4
+

 

 
 

t 

2.  1.  
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+,CH3
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+
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1%
 

3(a)
cos2 3(a)

3(a)
3(b)  

3(b)
, , (CH4)2 CH4

CH4

 [1]
CH4

~4B
B CH4 , ,

~416 pm, ~416 pm, ~428 pm  
(CH4)2

[2]

CH4

 

 
 

[1] A. Hamdan, PhD Thesis, Department of Chemistry, Ruhr-Universität Bochum (Germany), December 
2005.  
[2] V. Duarte Alaniz, T. Rocha‐Rinza, and G. Cuevas, J. Comput. Chem. 36, 364 (2015). 
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Superfluid helium nano-droplets at 0.4 K are produced by expanding high-pressure (> 1 

MPa) helium gas from a cold (< 20 K) pulsed nozzle. Due to superfluidity, the interior of 
helium droplets has almost zero viscosity and extremely weak interactions. Moreover, the 
droplets can capture and isolate molecules easily, and can cool the internal energy of the 
captured molecules to the temperature of the droplets within micro seconds.  

We chose aniline as a sample, because its photoionization and fluorescence spectra in 
the gas phase have been reported in detail. We first observed laser induced fluorescence 
of aniline in helium droplets. Next, we produced aniline cation clusters and aniline-He 
cation complexes by resonance enhanced multi-photon ionization in the droplets utilizing 
time-of-flight mass spectroscopy. 

 
[1] S. Kuma and T. Azuma, Cryogenics 
88, 78 (2017).  
[2] E. Loginov, D. Rossi, and M. Drabbels, 
Phys. Rev. Lett. 995, 163401 (2005). 
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Development of acoustic resonator for detection of elastic wave distortions  

in the para-H2 crystal by IR spectroscopy 

 (Tokyo Tech.a) Ryosuke Saigusaa, Hideto Kanamoria 

 

In order to clarify the origin of the phenomenon caused by the local distortion in the spectroscopy in 

the para-H2 crystal, we developed acoustic resonator which artificially produces the distortion using 

the elastic wave. In this report, we conducted a simulation experiment using water instead of para-H2 

and established a method for measuring the spatial intensity distribution of elastic waves using a laser. 

1
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[1] C. M. Lindsay, T. Oka and T. Momose, J. Mol. Spectrosc. 218, 131-133 (2003) 

400

300

200

100

0

[u
V
]

480400320240160800
[um]

 2

 3  

 4



 

 [ ] 
CH3F 12

n (12-n)
CH3F-(ortho-H2)n

(Fig.1 )
 CH3F-(ortho-H2)n CH3F: (C-F )

(Q1(0)) FTIR [1] 

Q1(0) CH3F-(ortho-H2)n

n

CH3F-(ortho-H2)n

Q1(0)

 
[ ] para–H2 
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[1]K. Yoshioka and D. T. Anderson, J. Chem. Phys. 1119, 4731 (2003) 
[2]A. R. W. McKellar, Asao Mizoguchi, and Hideto Kanamori, J. Chem. Phys. 1135, 124511 
(2011) 
[3]Hiroyuki Kawasaki, Asao Mizoguchi, and Hideto Kanamori, J. Mol. Spec. 3310, 39 (2015)
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Study of ortho-para symmetry through the comparison of hyperfine constants of S235Cl37Cl and S235Cl2 

 by microwave spectroscopy  
(Department of Physics Tokyo Institute of Technology, Japan a, 

 Department of Chemistry National Chiao Tung Universityy Taiwan b) 
Naoko Haraa Hideto Kanamoria Yasuki Endob 

Abstract S235Cl2 has ortho-para symmetry based on permutation symmetry of identical particles. 
Previous studies have reported the existence of interactions between o-p states in molecules and the 
detection of optical transitions between ortho and para levels. On the other hand, S235Cl37Cl doesn't have 
o-p symmetry. The purpose of this study is to investigate the difference depending on the existence of 
o-p symmetry between the effective Hamiltonian of these two molecules. The measurement of hyperfine 
splitting have advantage in the centimeter-wave band where the Doppler width is narrow and can be 
observed separately. Hyperfine structure splitting of low quantum states was measured using resonator 
type FTMW spectrometer combined supersonic jet at National Chiao Tung University. The nuclear 
quadrupole coupling constants χ and the nuclear spin-rotation coupling constant C were determined by 
analyzing spectrum. And then, the determined molecular constants of Cl nuclei of the two molecules 
were compared. It was shown with this experimental accuracy that there was no difference with or 
without o-p symmetry in the nuclear quadrupole coupling term HQ from the comparison of χ and the 
nuclear spin-rotation coupling term HNSR from the comparison of C. 

S235Cl2 - (o-p)
o-p [1] o-p [2]

S235Cl37Cl o-p
o-p

HQ o-p o-p

 
1 1

cm
FTMW

632 J’=2~10,Ka’=0~4

0.4kHz HQ

HNSR C 1  
S235Cl2 [4]

Hamiltonian
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Cl-S z (x-y-z)
 

35Cl
ii i=x,y,z

ii Q
qii qii ii/eQ

qii

qii 1
HHQ

o-p
35Cl

 37Cl ii
35Cl 37Cl

Q
Q(35)/Q(37) =1.2686(4) [3]

ii

1 o-
p

2 35Cl
3

C
g gI Bi

Cii=gIBiRii i=a,b,c Rii

1
HNSR 

o-p
 

 
[1] A.Mizoguchi , S.Ota , 

H.Kanamori ,Y.Sumiyoshi, and 
Y.Endo, J.Mol.Spectrosc.,250,86(2008) 
[2]H.Kanamori, Z.T.Dehghani, 
A.Mizoguchi, Y.Endo, Phys.Lett.Rev. 
119,173401 (2017) 
[3]Atomic Data and Nuclear Data Tables 
111–112 1-28 (2016).  
[4] , ,
( ,2019) 
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Si2  
 ( a b c d e) 

a, b, a, c, 
a, a, b, V. Zhaunerchykd, K. Hansend, e 

 
Slow electron detachment process via weak vibronic coupling for Si2  

(Tokyo Metropolitan Univ.a, RIKENb, Toho Univ.c, Gothenburg Univ.d, Tianjin Unive) 

S. Iidaa, S. Kumab, J. Matsumotoa, T. Furukawac, 
H. Tanumaa, H. Shiromarua, T. Azumab, V. Zhaunerchykd, and K. Hansend, e 

 
Slow electron detachment of Si2  on the 10 μs time scale was observed using an electrostatic ion 
storage ring. We observed the detachment spectra whose well-resolved peak structure was assigned to 
ro-vibrational transitions of the anion. According to this result, the slow electron detachment process is 
explained by the contributions of three transitions. First, Si2

- in the X 2Σ+
g is excited to the B 2Σ+

u state 
by laser absorption, and then it is shifted to the A 2Πu state via weak coupling of electronic and nuclear 
motions. Finally, Si2 in the A 2Πu state is neutralized by vibrational auto detachment and thus detected 
as a slow electron detachment process. 

2
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2 Si2

10 μs OPO
Si2  
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Si2 X 2Σ+
g

200 cm-1 A 2Πu
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Delayed X 2Σ+
g → B 2Σ+

u

Si2

A 2Πu Si2
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a, / b a a a  

b  
Microwave Zeeman Effect of Methanol  

(Univ.of Toyamaa,NAOJ/SOKENDAIb) K. Takagia, S. Tsunekawaa, K. Kobayashia, 
T. Hirotab  

   We have already observed microwave Zeeman effect of CH3OH with uncertainties of 
about 5% and determined four diagonal elements of rotational g tensor including the effect 
of internal rotation of the methyl group [1,2,3]. Now we have started the study of Zeeman 
effect of CH3OD and observed - and - component patterns of several low J,K 
transitions at a magnetic field of 7.5 kG.   
CH3OH CH3OD , ,  [1,2,3] CH3OH

CH3OD

CH3OH  

[4,5,6,7]
g preliminary

[8] g
CH3OH 5% 

g  
Z B

g   1  
n 76226.0/ hn  MHz / kG 2 1

Zeeman MPz   BhMgMg nJJ )/)(( 1122   (2) 
 Internal Axis Method (IAM)  

(3     
 cba ,, : ,  'p :  

[2] 4  
aPpp'  (4) 

p a “internal rotation axes” [9]  
'p aaII /

, a 
( )

CH3OD
Eq.(3)  

150 7.4
300 7.5 kG

1.7 H2CO 101 – 000 212 – 111

,  
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CCH3OD   7.5 kG low J, K (
v = 0 ) [10,11] - ( M = 1) -

( M = 0) Table 1
7.0 kG CH3OH s  [ 1, 2 ]  

Table 1. Observed Zeeman pattern and splitting s at 7.0 kG 
 
 
 

 
 
 
 
 
 
 
 
 

Table1 L3 L9 7.5 kG  
 
 
 
 
 
 

 
Fig.1. The -component pattern of A111    Fig.2. The -component pattern of A 322  

000 (L3 in Table 1) at 7.5 kG.              – 221 (L9 in Table 1) at 7.5 kG. 
The components a and b are for M = 1    The components a,b,c,d and e are for M = 
of A 111 M = 0 of 000.                    -2,-1,0,1 and 2, respectively.  

Table 1  s Eq.(3)   
(v  1)

  
References [1] , , , , , (2017). [2] 

2018 [3] 2019 [4] W. H. T. Vlemmings, A&A. 4484, 773 (2008).  [5] A.P. 
Sarma & E.Momjian, ApJ, 7730, L5 (2011).  [6] W. H. T. Vlemmings et al. , A&A. 5529, A95(2011).  
[7] E.Momjian & A.P.Sarma, ApJL, 8834,168(2017).   [8] C. K. Jen, Phys. Rev. 881, 197(1951).  
[9] C.C.Lin & J.D.Swalen, Rev. Mod. Phys, 31,841 (1959) . [10] K. Kaushick, K.Takagi.& C. 
Matsumura, J. Mol. Spectrosc.82,4142(1980). [11] T.Anderson et al. ApJS. 67, 135 (1988) 

 A/E Transition Freq (MHz) | M| pattern s (MHz) a 
L1 A 101-000  45359.07    1 doublet 0.486 (0.04) 
L2 E 10 - 00  45344.23    1     doublet 0.482 (0.04) 
L3 A 111 – 000 177924.44  1 doublet 1.16 (0.04) 
L4 E 1-1 – 00  64302.09    1 doublet 1.33 (0.03) 
L5 E 11 – 00 155533.09     1 doublet 1.40 (0.03) 
L6 A 110 – 101 133924.44    0     doublet 1.48 (0.04) 
L7 A 212 – 111  89355.12    0     triplet 1.14 (0.05) 
L8 A 211 – 110 92075.59     0  triplet 1.09 (0.05) 
L9 A 322 – 221 136055.26    0     quintet 2.09 (0.02) 
L10 A  321 – 220 136102.22    0     quintet 2.10 (0.02) 

a b 
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� � � � Tunneling-Rotation Interaction of 13C-Substituted Tropolone  

(Kyushu Univ., NCTU) Keiichi Tanaka, Kensuke Harada, Yasuki Endo 
 

Abstract�
��

� Tunneling-rotation spectrum of 13C-substitutes of Tropolone has been observed by FTMW 

spectroscopy to determine the tunneling splitting� ΔΔΔΔEij for the 5 substitutes, C-21, C-37, C-46, and C-5, 

together with the differences in the zero point energy ΔΔΔΔij between the 13C-i and 13C-j substitutes. 

� � The normal and C-5�

��

� species have an symmetric potential for the proton tunneling and the C2v(M) 

symmetry together with the tunneling-rotation interaction between the tunneling levels. The C-21, C-37, 

and C-46 pairs, however, have an asymmetric potential and the Cs(M) symmetry. As the results, they have 

several extra tunneling-rotation interactions both within and between the tunneling pairs C-i and C-j which 

brought the analysis to the frequency accuracy of FTMW spectroscopy of about 1kHz. 
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(o)H2-HCN  

○    
Millimeterwave spectroscopy of the internal rotation bands of (o)H2-HCN 

             (Kyushu University) ○Kensuke HARADA and Keiichi TANAKA  
 

The ortho- and para-H2–HCN complexes have different structures, H2 is attached to the nitrogen and 
hydrogen end of HCN, respectively, for (o)- and (p)-H2 complexes[1, 2]. We have measured the j=1-0 
internal rotation band of (o)H2-HCN, where j is the quantum number for the HCN internal rotation. We 
assigned most of intense lines to the 1- 0 and 1- 0 bands using the double resonance of the internal 
rotation transitions and the ground state rotational transitions, although only two lines, R(0) and P(2), were 
assigned to the 1- 0 band[3]. In the present study, we have extended measurement and assigned R(1) and 
P(3) lines of the the 1- 0 band, from which we have 
determined the rotational constant of the 1 state.  
 
[ ] H2-HCN H2 HCN

H2 HCN ( 1) H2

jH2 IH2 jH2 =0

para- (IH2=0), jH2 =1 ortho-  (IH2=0)

(o)H2-HCN  (jHCN=0)[1, 3] , 

, 0 ( )

0( ), 0 0 40 cm-1

0 HCN

(jHCN=1, kHCN=0,1) , 1(kHCN=0,1)

( 2)  

H2-HCN [1, 2]  

(o)H2-HCN HCN

-

P(2), R(0)

P(2), Q(1), Q(2), R(0), 

R(1), R(2) [3]

J =1

P(3) R(1)

22.  (o) H2-HCN  

  1.. (oo) H2 HCN   

33.  (o) H2-HCN  
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44..  R(1)  

 1..  

[ ]  HCN, H2, Ne (0.5, 25, 75%) H2 HCN

3K White-

10

218.5-231.5 GHz 231.5-240 GHz

68-251 GHz

 

[ ]   
  226.1 GHz

R(0)

R(1)

J=2 1 3 2

P(3) 98.7 GHz

98.7 GHz

200kHz

P(3) R(1) 

( 3 2 )  

P(2) R(0) J=1

P(3) R(1)

J=2

l

R(2)

 

[ ] Gunn Klystron  

[1]M. Ishiguro, et al., J. Chem. Phys. 115, 5155 (2001).  

[2]M. Ishiguro, et al., Chem. Phys. Lett. 554, 33 (2012).  

[3] , , L03 (2019). 

        (0)H2-HCN   
------------------------------------------------- 
   E 1   190813.96(11)    MHz 
   B    10402.952(25)   MHz 
   E    165582.164(78)   MHz 
   B    12105.017(28)   MHz 
   D        37.6678(21)  MHz 
   q        980.215(87)   MHz 
   qJ       -373.312(23)   MHz 
  ------------------------------------------ 

= 132 kHz 



 

ν3 ν3 

ν3 ν3 ν3 
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   Rotational spectra of dimethylphosphine and its 13C isotopomers have been observed using a Fourier 

transform microwave spectrometer.  The species were produced in a supersonic jet by discharging 

trimethylphosphine diluted in Ar.  The observed lines in the ground vibrational state are split into three, 

EA (AE), EE and AA, by the internal rotation of the methyl groups.  The molecular constants including 

the centrifugal distortion constants have been precisely determined.  Assignment of an unidentified line in 

the circumstellar envelope IRC+10216 is carried out using the determined molecular constants. 

1/300

PN PO CP C2P HCP PH3 NCCP

7 5

 

P(CH3)2H DMP

1

DMP

[1]

[2]

DMP 13C

 

PDN

2 PDN

500 s 2 kV

DMP

C4H

0.3%  2.  

1.  
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 [1]

5–26 GHz DMP

3

AE EA EE AA

b c DMP 32 13C

6 XIAM[3]

DMP

a
ab b

[1] 3 2

1

25.8 GHz 220–211

321–312

V3 cm 1

 P(CH3)3[4]

P(CH3)H2[5]

P(CH3)3 (802–1120) > P(CH3)2H (804.81) > 

P(CH3)H2 (685.2)

[6] DMP

 

DMP

Ziurys

IRC+10216

U112035[7] DMP 100 10–91 9

112035.4 MHz

3

101 10–90 9 112431.7 MHz 101 9–92 8

116553.5 MHz

 

[1] Nelson, J. Chem. Phys. 39, 2382 (1963).  [2] Durig et al., J. Chem. Phys. 67, 2216 (1977).   

[3] Hartwig & Dreizler, Z. Naturforsch. 51a, 923 (1996).  [4] Chatterjee et al., J. Mol. Struct. 265, 25 (1992).  

[5] Kojima et al., J. Chem. Phys. 35, 2139 (1961).  [6] Wollrab & Laurie, J. Chem. Phys. 48, 5058 (1968). [7] 

Ziurys et al., ApJL 445, L47.

1  

 P(CH3)2H P(13CH3)(CH3)H 

A0 /MHz 16071.85495(46) 15903.73356(86) 

B0 /MHz  7018.91177(85)  6830.70904(71) 

C0 /MHz  5402.90932(87)  5272.20788(45) 

J /MHz     0.0069431(90)     0.009027(74) 

JK /MHz    0.030882(33)    0.02184(30) 

K /MHz     0.113290(28)     0.113290b 

J /MHz     0.0023525(11)     0.00235251b 

K /MHz     0.004285(23)     0.004285b 

J /Hz     0.224(92)     0.224b 

JK /Hz     1.62(46)     1.62b 

V3 /cm 1   803.58(23)   803.60(21) 

F0 /MHz   158.9a   158.9a 

 /°    38.872(58)    38.872b 
 

  141.128(58)   141.128b 

 /°   180(26)   180b 

N (b-type)    21     6 

N (c-type)    11     0 

 /kHz     3.3     2.2 

a Ref. [1].  b Fixed. 

2  

  Present work Previous works 

A0 /MHz 16071.85495(46)   16071.87a 

B0 /MHz  7018.91177(85)    7018.19a 

C0 /MHz  5402.90932(87)    5403.61a 

V3 /cm 1   803.58(23)     811.2(32)b 

a Ref. [1].  b Ref. [2]. 

 3. P(CH3)2H  

5868.6 5868.8
Frequency (MHz)

EE

AE, EA AA
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NO3

Dispersed fluoresence spectroscopy of NO3 - out-of-plane vibrational levels - 

Masaru Fukushima 
Faculty of Information Sciences, Hiroshima City University 

 
We have observed laser induced fluorescence (LIF) of the NO3  system 

under jet cooled condition, and measured dispersed fluorescence (DF) spectra from single 
vibronic levels of the  state.  The vibrational structure of the DF spectra obtained by 
the excitation of the 0+770 cm-1 band shows some fluorescence bands terminated to the out-of-
plane vibrational levels, a2” and e”, e.g. the fluorescence band to the e” level of 2 + 4.  The 
present observation indicates that the vibronic level at 770 cm-1 above the vibrationless level of 
the   state has any contribution of the 2 and 4 modes and/or that the  
fluorescent state has any out-of-plane geometry.  It is also indicated that the out-of-plane 
vibrational levels are important to analyze the vibrational structure.  The observed intensity 
distribution of the spectra indirectly shows that the level closely lying the 1 fundamental at 
1053 cm-1 has contribution of 3 4 ( ), but not 3. 

   

1 a1’
3 e’ 1

3 4 (a1’)

4 (e’)
e’

3 4 (a1’)
3 4 (a1’) a1’ 2 4 (a1’)

2 2 (+)

2 2

3 4 a1’ a2’ 
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[1] M. C. Babin, et al., J. Phys. Chem. Lett. 11, 3395 (2020). 
[2] M. Fukushima and T. Ishiwata, 68th ISMS, paper WJ03. 
[3] E. Hirota, J. Mol. Spectrosco. 310, 999 (2015). 



Vibrational wavefunctions of bent molecules 
- expansion using the 2D harmonic oscillator functions - 

Masaru Fukushima 
Faculty of Information Sciences, Hiroshima City University 

 
It is well known that the wavefunction of the isotropic two dimensional (2D) harmonic 

oscillator is expressed using Gauss function, and associated Laguerre polynomials, 
 ;  , where   and r are 

normalization constant and the radial coordinate, respectively, and , where 
 and h are reduced mass and Plank constant and where  is normalized frequency 

calculated from force constant, k.  In this study, we have calculated vibrational wavefunction 
of bent tri-atomic molecules adopting expansion procedure using the wavefunctions of the 2D 
harmonic oscillator,  . The radial potential function for the bending 
mode of the bent molecules are assumed as , where k2 and k4 are force 
constants for the quadratic and quartic terms, respectively, of the radial r coordinate.   

a

(nx, ny) a r a
(n, l)

(nR, nL)
V(r)

(nR, nL)
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a a+ V(x) x

r

(n, l)

 l = 0 l l = 0 l 
= 0 r = 0

x

[1] C. Cohen-Tannoudji, B. Diu, and F. Laloë, Quantum Mechanics I, Hermann, Paris, France (1977) 
(translated from the French by S. R. Hemley, N. Ostrowsky, and D. Ostrowsky).  

[2] G. Herzberg, MM III, D. van Nostrand Company, LTD., Princeton NJ (1967).  
[3] W. H. Press, et al., Numerical recipes in C, Cambridge University Press, Cambridge, UK (1988).  
[4] J. Brown and F. Jørgensen, Adv. Chem. Phys. 52, 117 (1982).  

k2 k4 k2 k4



Collision-induced absorption of oxygen molecule observed by  
photoacoustic spectroscopy  

(Aoyama Gakuin Univ.a, Kanagawa Univ.b)  
Wataru Kashiharaa, Toya Hemmia, Akio Kawaib, Tadashi Suzukia 

 
Collision complex of oxygen (O2-O2) is transiently generated when two oxygen 
molecules collide. At this short period, the electron clouds of molecules are distorted 
and some forbidden optical electronic transitions become partially allowed. These 
transitions are called collision-induced absorption (CIA). The CIA of oxygen plays 
important roles in atmospheric chemistry. The CIA is a small but significant part of the 
total budget of incoming shortwave radiation. In addition, it has been known that 
singlet oxygen generated by the CIA has high reactivity and undergoes reaction with 
volatile organic compounds in the atmosphere. However, the mechanism of singlet 
oxygen products by the CIA still remains unknowns. In this study, we measured the 
CIA bands of oxygen at around 477 nm by using photoacoustic spectroscopy. The 
lineshape of the CIA cannot be reproduced by reported empirical model. These results 
indicate that non-radiative deactivation process in the excited state produced by CIA 
should be observed by PAS.  

(CIA)

CIA

1) CIA

2)

CIA
(PAS)

477 nm CIA Fig.1 PAS 
CIA PAS 3)

CIA
PAS CIA

 
 
1)  S. Solomon et al., J. Geophys. Res. 1998, 103, 3847. 
2)  J. R. Acarreta et al., J. Geophys. Res. 2004, 109, D05204. 
3)  M. Sneep et al., J. Quant. Spectrosc. Radiant. Transfer. 2003, 78, 2859. 
 

Fig.1 CIA of oxygen measured by PAS 
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C‒H
C‒D 3 – 5 m Å

C‒H

r0
re

C‒D
C‒H

C‒H C‒D

r0 (C‒H ) r0 (C‒H )

re (C‒H ) re (C‒D ) 1.0864 Å r0 (C‒H ) r0 (C‒D ) 1.0805 Å
CCSD(T) / [aug-cc-pVQZ]

re (C‒H ) re (C‒D) 1.0830 Å
r0 (C‒H ) > re (C‒H)

 [C5H5]‒[Cα]‒[Hα] 

[C5H5]‒[Cα] [Hα]
[C5H5·Cα]‒[Hα]  Cα‒Hα ( α)  

C-H  
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L str , L  , L  
L str

re (C‒H ) re 

(C‒D ) 1.0911 Å r0 (C‒H ) r0 (C‒D )
1.0888 Å

C‒D C‒H 

2.4 m Å

C‒H L
L

r0

H z

L 1.7 m Å L 1.1 m Å
2.4 m Å r0 (C‒H ) r0 (C‒

 ) 0.1 m Å  
 

C‒H
C‒H

C‒H C‒

[3] [4] C‒H
[5]

 
 
[1] S. Kunishige, T. Katori, M. Baba, M. Nakajima, and Y. Endo, J. Chem. Phys.,143, 244302 (2015). 
[2] T. Hirano, U. Nagashima, and M. Baba, J. Mol. Spectrosc, in press. 
[3] M. Baba, et al., J. Chem. Phys.,135, 054305 (2011). 
[4] M. Baba, et al., J. Chem. Phys.,130, 134315 (2009). 
[5] T. Oka, J. Mol. Struc.,352/353, 225 (1995). 
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NO2 610-630 nm  
 

High-resolution Laser spectroscopy of NO2 radical in 615-630 nm region 
 

(Kobe Univ.a, Kyoto Univ.b)Shunji Kasaharaa Kohei Tadab Michihiro Hirataa Takumi Yoshizawaa  
 

Hyperfine-resolved high-resolution fluorescence excitation spectra of the A 2B2 ←X 2A1 electronic 
transition of 14NO2 radical have been observed for the vibronic bands around 15885, 16218, and 16321 
cm-1 by crossing a single-mode laser beam perpendicular to a collimated molecular beam. Recently, we 
reported the hyperfine structure of the qR0(0) lines (k = 0, N = 1←0 transition) in 14500-16800 cm-1 energy 
region. The determined Fermi contact interaction constants shows a sharp decreasing in 16200-16600 cm-1 
region, and it may be caused by the interaction with the other electronic state. In this work, we have 
observed the rotational structure for 15885, 16218, and 16321 cm-1 bands to find the perturbations.  
 

 (NO2) 

X 2A1

A 2B2

[1]
 

2A1

[2-5]
14500-16800 cm-1

qR0(0) (k 
= 0, N = 1←0)

NO2

[6] 1

15885 16218 16321 cm-1

3

 
 

Nd3+: YVO4  (Coherent Verdi-V10) 
 (Coherent CR699-29 DCM MHz) NO2 ( ) Ar

1.5 atm (ϕ 1 mm)
 (ϕ 1 mm)  ( 1 mm) 

1.  
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±0.0001 cm-1  

 14NO3
14NO2

15885 cm-1

2

combination differences
k = 0  k= 1
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  16218 cm-1 16321 cm-1

16218 cm-1 qR0(0)
16321 cm-1

 

combination differences
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