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Detection of the radiative transition between ortho-para states of a molecule
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[Abstract] Thorough the detailed analysis of the hyperfine resolved rotational transitions,
we have been pointed out that there exists not a little ortho-para mixing interaction in the
molecular Hamiltonian of S,Cl,. Using the ortho-para mixed molecular wave functions
derived from the Hamiltonian, we calculated the transition moment and frequency of the
ortho-para forbidden transitions in the cm- and millimeter-wave region, and picked up some
promising candidates for the experimental detection. In the experiment, the S;Cl, vapor with
Ar buffer gas in a supersonic jet condition was used with FTMW spectrometer at National
Chiao Tung Univ. As a result, seven hyperfine resolved transitions in the cm-wave region
were detected as the ortho-para forbidden transition at the predicted frequency within the
experimental error range. The observed intensity was 10” times smaller than that of an
allowed transition, which is consistent with the prediction.
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[Abstract] The Ar-HCN complex produced in a pulsed supersonic jet expansion has been

observed by millimeter-wave spectroscopy in 160-310 GHz

region. The 128 lines were

assigned to the j = 3-2 internal rotation band. The |k| sublevels of the j = 3 internal rotation state
were found to be located at Ey,= 618.398 GHz, Ey, = 614.118 GHz, E,, = 674.056 GHz,
and Eg,=622.713 GHz from the ground state. The 18 intermolecular potential parameters were
fited to reproduce observed internal rotation transition frequencies.
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Vibrational transition moment determined by dual-comb
spectroscopy: vi+v3 band of C2H2
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[ Abstract] The vi+v3 vibration band of acetylene (C2H2) in the near infrared region was
recorded with a dual-comb Fourier-transform spectrometer for 56 transitions from P(26) to
R(29) at six different column densities. Each observed line-profile in transmittance was fitted
with the Voigt profile, to determine line-center frequency, the Lorentzian line-width, and the
integral line intensity. The outstanding capability of dual-comb spectroscopy allowed us to
cover a broad spectrum in a relatively short time with high resolution and high frequency
precision. The determined line strength for each ro-vibrational transition as well as the
transition dipole moment for this band will be presented.
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Foreign gas effect on b-X transition of oxygen molecule
under high pressure conditions
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[Abstract] In this study, authors aim to understand foreign gas effect on A-band of oxygen
that is optical forbidden b(v’=0)-X(v’=0) transition. To measure the absorption of weak
A-band, a high pressure absorption spectroscopy system was constructed. Absorbance around
A-band of O,/M (=N, CO,, SFs, Ne, Ar, Kr, Xe) gas mixture were larger than that of pure O,.
The enhancement mechanism by foreign gas was discussed from a view point of heavy atom
effect. The presented mechanism enabled us to perform quantitative analysis on the
enhancement by noble gases, which is a monoatomic molecule, as a foreign gas.
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High-resolution laser spectroscopy of the S1<—So transition of fluorene using

the molecular beam
OShinji Kuroda, Shunji Kasahara
Kobe University, Japan

[Abstract] Rotationally-resolved high resolution spectra of the S1*B2<—So'A; transition of
several vibronic bands have been observed by using a single-mode UV laser and a collimated
supersonic jet for fluorene. From the pattern of the observed spectra, we found that all bands
are a-type transition, whose transition moment is parallel to the long axis of the molecule.
Rotational lines of each bands were assigned, and their molecular constants were determined
with high accuracy. In the 0c° + 204 cm™ band, we succeeded to find systematic deviation
between the observed and calculated transition energy in some rotational lines, which is
attributed to perturbation with another vibronic level in S; state. We have measured the high-
resolution spectrum under the external magnet field up to 1.2 T. However, the Zeeman effect
was not found.
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RLIZAXRT MLERLTWD,
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[2] A. R. Auty, A. C. Jones, D. Phillips, J. Chem. Soc. 82, 1219 (1986)
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High resolution spectroscopy of aromatic hydrocarbons
referenced to an optical frequency comb

OM. Misonol, H. Shirahama], K. Nakashima], A. Nishiyamaz, M. Baba®
! Department of Applied Physics, Fukuoka University, Japan
? Department of Engineering Science, The University of Electro-Communications, Japan
3 Department of Chemistry, Kyoto University, Japan

[ Abstract] There are various interesting interactions in the electronic excited states of
polyatomic molecules. Since these interactions appear as minute spectral line shifts or line
broadenings, we need to employ spectroscopy with high resolution, high precision, and high
accuracy. So far, we developed spectroscopic systems assisted by optical frequency combs,
and studied small aromatic molecules such as benzene and naphthalene. We elucidated
precise structures and dynamics in the vibronic excited states of these molecules.

Recently, we have started to study larger polycyclic aromatic hydrocarbons (PAHs).
As a frequency measure, we have made an Er fiber based optical frequency comb. And we
apply our system to high resolution spectroscopy of PAHs such as coronene and perylene.

[F] BB EERLKEDOE IREEROREIX, B3X% 240 nm 7>5 450 nm
bz o Tt LTCW5D, Z ORI E B/ 3—3 2 B0 fREE/D EIZE L7220y eI
TFAE L7228 Bi—F — R Ti:Sapphire L —#—B L OMEHE L —F—D 5 2 @&k
NESHWSEND, £, 260 L—F—HDO BRI AZ FEHECHET 5 72OI12I1E,
T— NEEEZZENL L EEE 2 220 AT 52N TE 5, Fxld, ThET
(2. Ti:Sapphire JEEWE = A% JE I B E LRI T 5 @0 fRaEs Ly A7 All]
ERUWEL, RXUBY . FOH LU EINSREBREIRILKFE DO E S RRE D E T o T
X7, INDOFRICBWTIE, kR E L TH—E— FaZEL—Y—%2 T,
BT, Fex i, ZND/NS R BEERIRILKFEOMIREEZ B E 2 T, ZEBEHRIR
{bIKFE D@ RRE/T EITHEF Lz, /oot & L CTH—F— R Ti:Sapphire L' —%—%
Ao, XY LoRar xR EOLBREFERRICKBED G EIT-> T D, AR,
B AR EKE LT Er R—=7 7 7 A4 N—L—%—%FH L= JeE 5= & (Br
alk) ZEUEL, ZhiCk > T, /)0t E L CTH—E— K Ti:Sapphire L' —%#— &
L —F— BB E LT Ti:Sapphire 2 A & Er 2 ABFHTE 5L 912720
INDLEBMEMAGDOEDL ZLIZL 5T, 2L DO FITKIETE D mafRES T A
T ANEB LT,

[5£8X] Figure 1 IX. AR EDFREED Y AT LEFEXNTR LIS D TH D,
ZDVAT NI, GFANTATLE JEHEEES AT LD 2 DO IG5,
DA AT ATIE, IR E U CHEkEREIRO B —F — K Ti:Sapphire L — % —
(Coherent, 899-29, A~ 807 nm) Z /=, ZDOH1t%, LBO fidhz i L%
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Lo Ty 7 FSETHD, ZDJE% PPLN HJ)6IZE A, Ti:Sapphire L —4%—Jt0
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[1] A. Nishiyama, A. Matsuba, and M. Misono, Opt. 24784.260 272

Lett. 39, 4923 (2014).
[2] A. Nishiyama, K. Nakashima, A. Matsuba, and M.
Misono, J. Mol. Spectrosc., 318, 40 (2015). Fig. 2. Observed spectrum.
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Vibrational Structure of the NO; X 2A2 ' State
o Masaru Fukushima and Takashi Ishiwata
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[ Abstract] We have generated NO3 in supersonic free jet expansions, and observed the laser
induced fluorescence (LIF) and two-color resonant four-wave mixing (2C-R4WM) signals of
the B *E' — X 2A, ' electronic transition. We have measured dispersed fluorescence (DF)
spectra from the single vibronic levels. Vibrational structure of the DF spectrum from the
vibration-less level is categorized into three parts. Region Il The structure in the region
below 1850 cm™, except the v; and vs; fundamental regions, ~ 1050 and 1500 cm-1,
respectively, is easily understandable as the v4 progressions, 4°, and 1%4%, and the v,
progression, 1°%.. Region I1I: The structure above 1850 cm™ is too complicate to interpret the
structure. Region I: The v; and vs regions are active for discussion, and we have tried to
measure the rotationally resolved 2C-RAWM spectra. Our 2C-R4WM signals were restricted
those through J° = 0.5 of the B E3 2 state the reason of which has not been solved yet. The
2C-R4WM spectrum of the 1500 cm™ region remarkably shows the N = 1 level of the 2v,
(a1”) vibrational level, and the 4WM transition energy observed agrees with the rotational
structure derived from IR hot-band analysis. The 2C-R4WM spectrum of the v; region shows
a rotational transition for the v, fundamental, and the N = 1 level has been identified for the
first time. Two transitions separated by 0.27 cm™ are observed for an a;’ band near the v;
fundamental. Although the 0.27 cm™ separation is much larger than the spin splitting of the N
=1 levels at the vibration-less, v1, and 2v levels, ~0.025 cm™, the two transitions correspond
to two spin levels, J = 0.5 and = 1.5, at the present. The a;’ level is assigned to 3vy, and it is
thought that the unexpectedly large splitting is induced by similar mechanism with the Q- or
p-type doubling observed at =™ and 2=(") vibronic levels in a ?IT electronic state.

[FF] NO; IFZ=ERBLHD 1 DL LTRKTICHFEL, ffiHe Dy *FF =~ ifFHf
FEOMRBITH 50, KRR 7LHE S 2\, BIRFR T, TORKOMED 1 DI vy 3
TYERL (vs: FEIFR (@) MhfiEE— ) OB TH D, k. B%E' —X 24, EBO
AT MLV OREHEE S, vs HEIL 1480 cm™? fEEICEET S [1] & S,
ZDHDIRI (IR) WIS IEDFER NG | /\/ RA U 2P 1492 em™ &ﬂméﬂt
[2], & D%, gjﬂh%#ﬁﬁ 1492 em™ @ v FEEREEKIIEB T, 1050 cm™
ETHDH L&, 1492em™ N2 RIT vty FEEETHDH EWVIHBERENT [3].
ZHICHEV, 1050 cm™ FEIRTO e N FRHARA SR, BHIZIZE > TV
W [4], Fox 1 D ORBEOE FEB O D OY A B L, A ED TN D [5],
AAFE T, ttw’}mu\/\ﬁaéﬁm DF B X 2C-RAWM A7 kL ( FREN, 4
fRRE 1 B LN 0.04cm™ FREE ) OfERAZIIC X 24, IREEDIRENRES 2 Wit L7z,

[EBR] EBRTFiLe Lix, BEREZSHBOZ & [6],

[HR - BE] NO; @ DF AR M EBEEABERP CHELZZ &ITLD,
0% /v an% 3000 cm™ FREEDOREICEI L, #Esk X 0 DREED E N AR L ( 45
e 6cm™ FLEE ) BESNTZ, ZD ALY MATIL, IR TEIElS 72 1492 cm™ R



YR () 1E. LBV vy EEOWITIRVL N FE LT, 1499 emt IcE S,
ZOBROER, Ay b FD IR I E 0, 1492 cmt N2 FOEEED 1499
emt 1T @ Ny RRFERR SN [7], HERD DF 27 RLD vz SN2 ROIRIBIE 2vs
(a’) D SHNTZ, Z O Z & 0 @O FEE (1om™ B ) THRIEZ{To72E 2
AHL.IID 20%NEETEX 73,1499 cm™ @ a’ AN RiFE< Bl E ozt L.,
1492 cm™ @ € IRV I o7, S HIT. T OREKIC 2C-RAWM A L& =
A, ay NV RICRHET 2 RERER O 2088l S 7, (NOs B2E' —X 24, BB
B ERE S TIE. =05 & =15 ~DRIREBNPHEEIZFE S TWD [8] 235,
2C-RAWM Tix =12 ® =05 Z2HMREEL LI E O EEEL 52T, ) 2D
BEXY ., 1499cm™ @ a” #¥EALD N=1 OHEERE S, 24T IR OFRy kv
NOfEMTFERE —F L, ZOFEEND 2C-RAWM OFIMENTEFR I, vi BFE
(1051 cm™ ) FEIRICHT L TH, BRI MEEDE Y DF B LU0 2C-RAWM OHIE %
ATz, DF A7 FARIEDOFER, vi HEH OFPHIH 7= 72 ELL B < 7= [5].
DF A7 RLD vy FFE AL RICHHG LT, 2C-RAWM O RIELER ©EH < u7-,
Z D 2C-RAWM HIEIEZ, EFD 1499 cm? RN RERUAF—L%2F->TEY, [
FEDFENTS NOs D vy EEFYHEN D N=1 ¥EN.OEMERPD TRE -7, 723 . NO;
D X 24, KEED N=1 %EALIE 0.025 cm™ FRED R B3 A RT3, AElD5
BETIX., ZonRITSBES RV, vi EEICEE LICHZREMIZIHLTYH
2C-RAWM HIiE Z ik B Bl S iz, FRR2 20 ay N2 ROEFITHEZ L T,
ZORFIEHLNRECRD S, RROFBHEIL, ZOEFES2 027 cm™ 13 CEENZ 2
DDONY FNBED L ThD, 4O 2C-RAWM AF— A THE B %E, REED T
=05 ZHFELREL LTAHIZD, #KIRFEIZ J=05(F,) & =15(F) &%, 20
2C-RAWM E 5N 2 DIZHR L THRI SN -#A & LT BT it 220 ay’
AL TIE Fi—F, ORE RN GRREELL T E o T DIZxt LT, 2 OMEN TIXH AN
REWEDHEEZEZTND, 2050/ RORELIT J=05 OF (inverted 7272
FIT R —[DON K ) NS, AX OBRANCHL AL TH, KT, ZOH =7
NN @ DOFE ., FKARBEDRERAEN T N=2 720, SRIOAF—ATIE2ODR
RO DD J=15 OAEBARIGEL D 250 RIFEH Sy, LR
ST, WHROMIRNDIE LA, ZOIRBENIX a” EfEwmSh b, bt oE )
(2. ZOYENIT, B %E,, IKHE =05 ~DJhE T KL X — & S ERENE N TN
BlEEDE, N RBENE(LTDH, EWVIRED b, RERTIX, B DS,
A UNHESEETCEPT N=1 D J=05 & =15 O 200y & FRFICER S
TWAHD, BURIRTIT, #IRRBICR 1T 2 22 0L TEIHIL TH Z &2 b, L
TeildoT, FhiESND 2 DDAV VS EOEWIZE 5 T RIZE D | 2C-RAWM
EEMEOEBLNEEEENS, Z0XHlc, 20 027ecmt 22 HE L T AR
X, EBREREZ, IR, HETHIN, TOX)IERT O ICIEREET D,
COFTIRMENT va D3fEE 3va(a) EEXTEY, a” THDHDIZ 1= £3 D
% b0, ORI T ERYTF (|4 =1) OEAIREMER ([Il=1) @ 20,
O PREWEM LFLLLTWD ( 2D S R THY NS A#=0 BIOL£0
Thh, ACURAHPRES, QM LI p Mo E LTS, 203
X, BRI BRI TV D [9]), NO3 @ vy 72 E OIEMGRIEENEN Tl | 1T X
D ADBESINDZENRESINTEY [10]. SHIT, FxlE 3vs D a” & ay ~
DRFHPIREMBEERICE S5 EEZZTEY 2N HIZESN T, BIREATIE, 3va (1)
DREIpnFie 20 n@eEx, B0, 220 Y b FERBS LR LTV 5,
[&3 3R]

[1] T. Ishiwata et al., J. Phys. Chem. 87, 1349 (1983). [2] T. Ishiwata et al., J. Chem. Phys. 82, 2196 (1985).
[3] J. F. Stanton, J. Chem. Phys. 126, 134309 (2007). [4] K. Kawaguchi, private communication.

[5] M. Fukushima and T. Ishiwata, 68™ ISMS, paper WJO03. [6] & /b5 2% 5591010y 7Bl ¥ 3 ih2 . 2A03.
[7] K. Kawaguchi et al., J. Mol. Spectrosco. 268, 85 (2011). [8] K. Tada et al., J. Chem. Phys. 141, 184307 (2014).
[9] J. Hougen, J. Chem. Phys. 36, 519 (1962). [10] E. Hirota, J. Mol. Spectrosco. 310, 99 (2015).
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Assignment for the NO3 anion photoelectron spectra and
the vibronic interaction

oEizi Hirota
The Graduate University for Advanced Studies, Hayama, Kanagawa, Japan

[Abstract] The NO; anion photoelectron spectra showed anomalous v4 progressions, which
Neumark et al. explained by the Herzberg-Teller (H-T) interaction between the B-excited and
X-ground states through the v4 mode. The present study pointed out this H-T mechanism to
be supplemented by Av4 = 2 transitions and thus succeeded in explaining all the experimental
data: photoelectron, IR, and LIF/DF in a consistent way.

[FF] Neumark & [1] 1ZNO; 7 =A4 v DHEF AT R, IEFER v [ZIMZT v
progression % /9 Z & % HH L. Herzberg-Teller (H-T) ZhRIZ X0 HF#:NO; 7V —F
DIV v IRBEDS B AR DOMAE 2 H DT Th D L Lz, Bl A~
MV EFBT 5720572 H-T parameter (% 2339 cm ! L ETH 7273, Neumark
m\wx7u~59ﬁwﬁﬁﬁﬁ®%ﬁﬁ RIEEIE=ZMAETH D & Dm0 e
TS HOFER 23] EREIIFELTWARWE TIE L, & Z A2 Neumark OFE
RAEFI L0 FHLERHHIZ X % va PES (potential energy surface) [4] TiE, HL» Dan
FLEICE S 348 em ' DA H Y | ZAUE va IRENEL 365 em™! & AR THEEHLTE 700,
%%meﬁﬂi ? PES 726 vy IRENZ BT D IR T o v VEBE R R LT

ENSITRN G A BN FERE BT DT —HRETELEDOTH
otoWﬁME;m%w]itﬁ%xA&hw@w%ﬁi%ﬁ@zmugmfﬁ%f
THZ ExfEmM LT,

[NO: EEE IRIBICHIT A AETOES)] FEH[8,9IL. maofiErE Rtz k-
fz%mtlﬁ@:)ﬁ) HER, AL . mﬁﬁﬁwmmﬁtk®f K % AR
IZHERE L, NOs B HEEREICB W T, RAETFIT. o FWIESR., +hbbaT
B OIEE]| %%Lfﬁﬁbfwékﬁ Ltoﬁﬁb% B 2 1% va D X 9 7ol EIRE
T FLF R EE DR EN R ST, ERADOEDOFEH S | IEEIEE OE & BAEIE O
HOERAEDYE

ClU=+1,4=0>+C\Ye=0,4=+1>

WCEOVRTZENTED, A CEBTIZZR, A=A+ =51 PEELEE LT
W5,

[EBEF AT MORE] UL EORRE SE 2 TOLEF A M 2T 57
¥, Weaver H[1]& LA, Ross [7]DF )& % Table 1 (Ztb# L TR L7,



Table 1. The 266 nm photoelectron spectrum of the NOs anion assigned by Weaver et al. [1]

and Yamada, Ross [7]: NOs (vi’,v4’) < NO3~ (vi”,v4”)

Observed Intensity Weaver et al. [1] Yamada, Ross [7]
peak/ cm™!
-339 0.063 (0,1) «(0,1) (0,1) «(0,1)
0 0.416 (0,0) «(0,0) (0,0) «(0,0)
363 0.171 (0,1) «<(0,0) (0,3) «(0,1)
758 0.096 (0,2) «(0,0) (0,2) «(0,0)
1057 0.336 (1,0) «(0,0) (1,0) «(0,0)
1420 0.096 (1,1) <(0,0) (0,4) —(0,0)
1831 0.060 (1,2) «(0,0) (1,2) «(0,0)
1936 0.080
2163 0.122 (2,0) «(0,0) (2,0) «(0,0)
(0,6) «—(0,0)

M O O F 7 fHE AT 363, 1420 em N IZHEIHI STV D oo —7 & ITHIFE
IZXF T IR CTH D, ZH%E Weaver D (3 vs progression ZH5/RT 5 6o & b EE/RSE
BREEsE L L CWA28, U, Ross X Ava=2 DRy MEBETHIAL TS, ZhbLL
%Kﬁ%m@ﬁ%ﬁ%imt<\x&7kw74/h®ﬁﬁﬁ#%%4zﬂmmﬂk
KEX 2V, BRAGHOFERIPIRIZEL TWD LI, HEFAXT b EDIREE
RENEEEFHOMTH Y | Lk@oTHiw%kAw— %@%%ﬁbfﬂ%fé
DODNRHL-EHLEZHBTHD,

[BR-EZL) & 1FEQAADERIIZEY NOs EFREEIREORENREE X, IRE
FEROEELEFFEIROED 1 REGTRINDZEPHLNIRY | REMETH -
7= H-T mechamsm DI L DNEF AT MIVOFTAIX Avy = 2 BB EZFEEET D
e HB LD Lo, ZOREE IR/LIF/DF & photoelectron @43 i G D [t
@Z"Eﬁlgfﬂ?éﬂf;o PREFE AAEH OEEAER 72 R A [101 %2 3 H L T H- T interaction
parameter Z KD TH5H & 888 cm ™! & 721 | Neumark & D FRRME 2339 em™ @ 1/3 1% &
2725, AEZONTERRPMRTRELDOTHDL L ERL TN D,

[23%E i)
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