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A Ak, b RAA F Ak, KFEVYA T L— g VRO GT ORS00 OIRE B
WS 52 EWFREE 2o 72 V. E iz, B TP R FEL(free electron laser) D ¥ RIZ L 1 B
ZSERHNR D D IRSHEESMNBIC BT 2 MIBEIC L DT« XA T 7 ARG <
ENBHEDTioTE D, BEAFHEED SCSS sRBRNE S LM SR ok Crimsfis, JRAIZE L V)
FRZFF OO, MEKREEE CORT - 0124717 ZA0BHR~OISAPHfEEN 5. Fx
IX R XUV-FEL Y& (50~60nm)% 2R3 (NI 2 Z L2 k- TObA AL &7, 28
TLEA A ALE, ZOMBERIEICONT, FEERTFEZEN L.

[FEHR] BRMFREIE 12/ ST SCSS BRNEZR 25 DO H )<V 25 (50~60nm, 20 Hz) (LLF,
XUV-FEL Yt & FES.) ZEEZE(5%107 Pa)DF = /8 — |28 A L, £ A EERE 100 mm @ SiC S 5 —
IZEkoT, WAL TRBLIOAX~v—% AWV CTHER L7y et U, FER S 54 © bt
L7=(BE R ~5x10"7 W/em?). FEL e REIZ T v P2 L —F —X v v 72T 52 L1k »
T, 60nm, 58 nm, 56 nm, 54 nm, 51 nm & EEH, BOFAA L BIORTIT7A L A F
DA LR DWW RARAFIE 2B L 7=, XUV-FEL YO AR5 10 XA 7R [ B 55 T2 (TOF-MS) D
B 5 AN AT & L2, XUV-FEL YD/ )V AT RV — Tk i O 7 /v I oA AT =H—|T &
ST TOF ¥ 7 LRBRCAY m 2 a—7THHEILT-.

[#52F + #%5 %3] XUV-FEL Yt 2 i L 13 B/ TOF - 4 G0N
BREANXY PVTEBFA AV Ny, RBONS, ] (k) @
TIIA P AU THDL N, NOABBIS T, J%fﬁ

160
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DHIPATH D Z ENOERT O UliA A B

BERT2EEZBND. ()DIMIA 90~100 x10° amu m/s |7 B — 27 ()ABLI S 7z, = OEB) &
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LN DY —a URERICHET 2 E X BRD. S HICFOIMIO(ii)120~150 x10° amu m/s 12
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FERICBIT D 2 T RIGERIZBWNT, Ny O
Franck-Condon fEIKIZI I DR T v v VW —T %58
ToE&, RERTREETE 2 bETRAF—D 1 livf
U REEIR UL S, 2 R L7 34.692 eV & 725 Y.
FTZ X —DENMIEST, 777 A " A DiE
B L X — I ERINL TS Z s, B L
FRBENER T o v ¥ MZx L CHF DO RF = XL F—1%
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BETE LT RXNVF—T, FERONLTFZFNLF—D2 30_§ """"""""""" NS ENEDS
f£TH 5, 60nm: 41.2 eV, 58 nm: 42.8 eV, 56 nm: 44.2 eV, (') é "1 é é 1'0
54nm: 45.8 eV, 51nm:48.6eV &£72%. 60 nm ([ZHIT 5 Kinetic energy release / eV
B2 (i) 1R S =5 D, 2 OB KL F— ;j;i(z )fl‘s fiﬁi;é&iﬁj@ o
T EE, 22, A R L2 A OFBEIR R & EEE 2 T 103 2 KBS = %L — (bR, AU
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WS IRIE Sz,
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N, D 1 AffiA A FREEDS, A A ORECIRIEZ R H LB fEn7e 2 e R RINT 52 &, 20
FERAE U BRI ONT S, PHRFBIWRTA 4 OEFRENHA LN E -T2,
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N*(°P)+N((3s)*p)

Potential energy / eV
w
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1. K. Yamanouchi, et al., Eds. “Progress in Ultrafast Intense Laser Science I ~ V,” Springer, (2006)-(2010).
2. il 21X T. Sato, et al., Appl. Phys. Lett. 96, 154103 (2008).

3. T. Aoto, et al., J. Chem. Phys. 124, 234306 (2006).

4. ) %1 P. Baltzer, et al., Phys. Rev. A 46, 5545 (1992).
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726D D /5 58 FE WS A AR S A 7 v L — Y — U R T WD B FE
GEARz - B) Omply Ak, 2208 @B, LN %

[)F]

5 L — =G RALKBE S TR S D &, BREIEOKE~A 7L — a ViEEN TR
INDTEPMBILTNWD[1-3], BEdEKFE~A 7 L— a RO ER B O 72 D11,
LN AR I YA 2 NSV 2R WA T s Ta—TFHIB L OHE—T L2 &
AN e —T 5275 MERH D, iz, oA o7 v AEBEBEGFIEE AV THE—S
T 5O BEI 2 FEB T 5720, @D KL L —P—3 2T AT T iR BRI AL R
HEEC A 7 NSV A BT DB RN DD, £ 2T, AWETIE, B—7 M/ UL 2R &3
BT D7D/ E 2/ T D @M 0 IR UGS A RS A 7 v L— P — 2 2T LD
B E1T -T2,
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6 mJ, 40 fs) OEEPAARFEZ, () L —V —FIRR BT DIMEAARGEIE, () v—3
—HEIRERIC BT DRI RIBE DONERE TIT o 72, S BT, ZEEERTZ2E 7 7 A N— L R
JEfERR 2 VT, A 7 VSV AR EZIT o7, B A 7 vV 2 ORREREAIAHIZ DOV T
X, f2f T2 AW CEHIIZ T 72,

[ R]

(1) U—F—FIRAR D& A7 AH il

L — P — R IRIR ORI AR L, TR R T (AOM) & W TR T DI A
PEMZ D EIZL T A7y MNEEE (f) &2 L——# 0 iR UJEEE(f., = 78.33 MHz)
DAy I THZEILLES>TITH, AOM I L ZHIETIX, 47 ® v MEaWEk o
23, £5 MHz RRIEE E/hS W, IREE - BE - BEEZ —EICRo T FEREICB W TH AL
LR AEIT O ZEMEEL W, £ 2T, RFEFE OMEEAFARIE A2 T 572012, AOM IZ
K aHEzmz <<, (1) F7—OREZIC L AFEHEE, (i) L—Y—Frx T 4 —HD

10 Uy UREREESEDLZ EICL ST, 30
HRF ) DA = 0D R0 IR S A0 2 2 L 72

(2) L——HE2R D& B A7 AR il A

L — 8 s D5 7 FR il 480 & 22 Rk C =
TH, HEETOD-L Y & L&A AHED

Carrier envelope phase / rad
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” NetR % £2f FREE I TIIL . 2 Otk

T T T | T T
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FTA G F R AR ORBICEBE LT = v
UWMDELH S EDZ LIk T, B

X 1: er&tEmgss i) B0W) OHfsi
NEARHIE (165 mrad rms)



NARHIE 2 2k Uiz, FEBRICE, Ol L —F—D L —F—~y RIGEIO =D DOIFERIG >
AT DANPHRS =% R BT 5 Z LI L DIRBONFER L TF~OBEOKK, @=7 71
— DL /PRI A D T2 O OBFE., @BE - Billk - filiRM 2 Wb Z &Iz k5%
AP L OFHAEERR 2> & OIREMAI OIS 217V, SEBH ) 30 W (6 mI/pulse)iZI\V\ T, 165
mrad DR & ECTK 1 R OERAEO = v 7 23k Le (K1),

(3) WY A 7 N OV ADFAE

BN PRI R ZE T 7 A NV A g (B S 1m, AME3 mm, W03 mm) ZH8EL,
ZOMREFHM AT o 7o, ZFDRER, HET 7 A N—ICX A T A% 3atm BHE L TZHEIT, 3
mJ] (40 fs) DASNTH LT, 2m) DN EHER LT, Frv—7 I 7= Tt xEIT 72
fES, 2ml, 5 s OGN, ZEPERHPZET 7 A4 X— UL R EfEg OB HIZ L 5 T,
PIVAEREEDRA T 4 o T ZEMES TN ZEMEN, RESWES N, £, 1
ZEMICEA LT, ZEBHERAITORD > T HEITIE, 10 %REDOH — 3 v MEDOREL
BB LORE AT AN S =0, ZEPEREIT ) Z LIc k- T 2 %REE T
SREA AT D2 L & AT MAEOEBIZ P Lz, S 512, ZEPERE1Th 720
alcid, A= AFXF =@, 77 A4 N—DAFmIZB T 514 A 1bic k577 X
~AERNEZD, HAOBMMET 40 %) T5& LI, REEITRDIE L, E—AMENRS
fbd 5 Z RNz, —FH., ZREREIT oG aITE, 77 A4 =D AHImHICEBIT 5
A FALBIH S, A—T"y bOHE (70%) BLOE—AWENM LT,

(4) BERERYA I NV NV ADT v T 7 XY B —3 3 > & PR i

2287 7 A N— T OWEWATARFE N TE TN D Z L 2RI D70, AT b
RN F T X =TTl TWAZ L ZFIMA LT f2f UGt ORWEZITV, s AT A O R
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oo ZOFHANZIX, F2ET7 7 A N—DOH NI OARZEN,E (X VF— KA T 4 7) ITX
HEHIRRENEGENTEBY, TZET 7 A N—~OHAFEEZREESINICaY he—LT 52
LTk o T, FZET 7 A N—HIOWGRBAARGIE L 2 & [FREOIE A AR O r > 7 3 TE
HbDEEZHLND,

ZITHRLNT, ER D IR USRI A 7 Lo 2%, oI
BBKFE~YA 7 L— a CEEERLBT 2720+ kmEE2 AL, ZOHNE AW TH
—7 MOV R ERAET IR, TARIMESEAL AR S A 2 VR L BT N Rb L R
ERWERS T« Fu—T73HRN AR L 72 5,
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ERRE I LML —H—15(2E1T5 laser-assisted electron scattering M £5Al
(HRKRT) OFESE, AL, LN &

[F] L —Y =5 COE TR FEELERE T, BELZEU T nholZlTE 1O =¥ — R34
{b9°%, Laser-Assisted Electron Scattering (LAES) EFEIZIDBILRNFELIND (n: I, hor
TZRLX =) ZRETIE, COL—F—(1 <10° W/em®, A= 10.6 um, At > 2 us)iZL>T LAES
OELNFEERP T TE7203, LAES WRIZB T2 L — — O A AEH O R i3 B0
TELRITNS D oT(1]. —F, R —F =50 BEEAN R CERWGE, 1 OHKR
VANREEDSZALS AL, LAES (5 5 O/INME BEELRL A I R 70 B — 7R & S BLIN D Z & A B ER AT 4
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Jj: EDEERRBLIN I REIC 2D EE 2 BND. T TANFFETIE, MR D LAES BLHI%E & 4B
L, RN D E R E 7 = A MO — —3(1 = 1.8x10" W/em?®, A = 795 nm, At =200 fs)(Z331F
%.6 LAES 182 OB O TRREILTZ.
[32Bk] LAES BUHMEE OGN AX 1 (R, EEITERIR, HELF v N—, basg
BTV — T ER, IRITR R TRERS L CD. M0 IR JE 4 5 kHz @ Ti:sapphire L —
4% DOHINTIMFE L XKL o AR CTRELRISEASNS. BV A LB E
W2 =50 Q6T nm) A R 95 Z LI K-> TAER SN, 1keV DI Sk, BrdA—
&a?ﬁzu//xc KoTalVA—rans. BV AREL—HF—rUL R LORMIERIZ K-
AV A @Hj—ﬂaﬁ'ﬂfbm X 4545 ps THDHIEDMERSIVTND[3]. B8R, L—W ), Xe i1
E— AEEELRIC B WD THEWICEARL TR ZL, BELSHZE 7 3E 0.8 mm DAYy MIX->TH)
DI, m45'/vﬂ"lﬂ?%iz/wr—/\$ﬁ \ZE o TAHESAR L= RV — 3 A3 [EIREC
Br&i, #HAZ)— 4 MCP 12&-> T ktiEns. iﬁ'ﬁxw—‘/i@%&ﬂﬁ%{;ﬁi
CCD WA L»>TrHiEmHEND. E 5T P —MIH 10 cps THho7z. HEDO T R/LF—
SHFRREIZ 0.7 eV T, ho (= 1.56 V)DL has
R AWATESMAEL . 2, g ,’ e
ML T-OMELS 20 DR o/ : 7
FARVY MR BESNTZ T 77T — T
SN XTSI T A,
[FEFe& 4] Bllls/-E g 21z o
AT B 2RO — =B g s mommem.
BELSNTIZEBFE 5B THS. M 2(b)iF
— P —HUH D 100 ps ZICHELSNIZETE
51T, LAES Z Hcxt 325 5 5 Th
%. IEBROFERIRF L4 83 R T,
2(a),(b)D FLENIZ ROV LT8R ME 51 35
BELE 5 ChD. X 2D AREITRT W Tﬁw
FZ, b= — RN R I TR ICELTE 2. BHEEWEL. (a) HEHRIEOL —F —HE F ook
5 D R VR D g5V EE D BT ELET-E S g, (b) 1555 SHi1g.
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FNF = T MNARNZ KT HART MU 2
T 5oL, ZOMEIZIVAMKIZRS. X 3()IcF
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TOELE DAL, BIUTEFAE SO
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1%, 4E = +holZ3\WVTE BRI TV
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DEEAE T D R FE LGN AT L
IVTCHD. AE = thad I\ TR — 7 f1E
NEN TS, BHNE—270, HEEELE
T D FA TR EE X
ZNHDRERDD, BHISNTAE 51T n = £1 &
B LAES FRICH KL TWDHEZ 2 HIS.

ZDIFBERRFET 5728, LAES {5 5582
ST AEEY I — a2 T o, BET R
2l—3a> TClZ, Bunkin-Fedorov iT{[4]1Z 5
SNz LAES 4 #cELITEfgA VY, A Elo
BRI BTDE M, L—Y—k, e
— ADIFZER/ BV & ZE L T LAES 8 5
DIREZEFRLZ. K 30T IS, Bl
Rl — LI DERHE B (SERR) 1X
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s Iz)lAﬁ DIk (ev) =
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PEBELE 5O — 78R EECTHRL. (2) AR HEREHR
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ARAL: SER RN R O BELE L B T L DAY
ML, FERR Ul 2l — a3,
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&
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5
EELA (deg)
X 4. n==1 BED LAES (5 5OELAE 5. Biu:n
= +1 B/, Fiuin = —18%, EHHE =L —g
.

N KRIEICIHISNDETRISND[4]. K 3@)DF i, BFEIEREROHELE S DA 7 L

T, HEtRIEOTE LTI, SRR ORI MZIT &

B EOABRHENR

LIV o T2, ZOFAERRICRIEMEN DY, BIISIIZ(E 573 LAES (5 CTHOHZENMER T

5.
LAES [E5®D n==11

EBOBELAE S ZX 4 DRI =+1), FKALO=-1)TxRT. X4 DE

BUTEES 2L —ar O R THhA. BE Iab— a1k, WMEEELE B O A SR RIE
BT R SR O BELA AFEMEN B B S TERY, Bl A DO IEA TE SR E N IESFRE 72
STV, BHELAEDARIZOWTYH, FEREREBEH A ORI RV —HEZRL TNV,

[Z% 3R]
[1] N. J. Mason, Rep. Prog. Phys. 56, 1275 (1993).

[2] E. W. Byron Jr. and C. J. Joachain, J. Phys B: At. Mol. Phys. 17, 1.295 (1984).
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(PR T A*, RO Rokk) OJIIg B Zx*, BetfEh*, B H &8T5+

[F] BEfEA Y T L AF VAL T 4 K [(CH;),CHSCH;] DALY kL&, C2-S fi
AHiZBI L C trans, gauche @ 2 fHOZERE (K1) IWFE LI La@E L, VY &bl
trans TiX A, EZOR LT-WIERIZ YT 7 A4 b2 IMHz INIZfE->TWbH Z 2 R LT,
4[A] gauche & trans O A7 ML EFEHICHIE L, DHEOFRNEZELZ L0 THRET S, 2

jjﬁii;—, *’f:

— _/
V

trans form gauche form

Fig.1 Two rotational isomers of isopropylmethylsulfide(IPMS)

[EBR] TRDA Y TR ENVAFNANVT 4 RET VT T05 %IREARRL, &+E 3 atm
THTRRES ) AV HEZEF ¢ X — NS L, [FHE AR ML &2 JIE L7z, 5~23 GHz
O JE P FGEIR A 0.25 MHz 2 & 12 20 [FEE L CRES | LRSI C i 100~1000 [AIFSE L 7=,

[#55 & #%2] gauche Ti%, K T EHIAGZNNERRIERY L & [FIFREEIC /2 5 &, KA EIEN
BA L, BT b o BGRIENIHE 5 25HER N Bl S b,

. (@) 331-32 © (b) 330-32;
)
(Da-a allowed _ @ (Ds-a forbidden

o @ 100

) ‘ @s-s allowed ] @ (@a-s forbidden
m 80/
2 (@a-a forbidden 69 3)s-a allowed
2 @:s-s forbidden 49
5 N @a-s allowed
17554.0 / MHz 17554.8 17564.5 / MHz 17565.3

Fig.2 Observed transitions in the E states of the gauche IPMS, (a) 331-321, (b) 330-321

fEMTIZIX. YR Hamiltonian 1742 AW7=, 72721 F : NEBEI#EEOD 1 RIE

A+ S F 0 iQ 4 bRV E
F -A-6 -iQ 0 o KA EIHS Y
0 iQ A4+06 F iQ : sIRHEL aREEM DI AESEH ; -iQK,

-iQ 0 F 4-6



AREBIOERETOZ R LX—HEMNITKRDO LS ICFEINS,

AState, F :O, E:i (5iA)2+Q2
E state, E :i\/(1/52 +F2+4)° +Q°

F=-3.66MHz, 0 =7.471MHz (J=3), = 51.74MHz (J=4)Z X A9 % & . AIRHE T 4<0.001MHz,
iQ=6.47MHz, E IKFET 4= 0.001~0.002MHz, iQ=9.05MHz % 1§7=, AIKHEL ERFETIQ
DOENKEL B DD, A FVENERERIZ & 5 Coriolis FHAEH D72 L& 2 BN D,

FFH 331-321 A state ] 331-321 E state 15, 331-321 E state
19 allowed transition forbidden transition

10
27 . 120935 4 12001, e
12027 o 120004 120912 5005 3

5|

/ MHz 12096.1

Fig 3 Observed transitions, including forbidden transitions, of the A and E states in the trans of IPMS

313 trans A IRTE 331-3,. EIRTE 33,-3, OFFRER L EHIER TH S, bbb X HiT
A RBEDWLILAR O @& RN T T4 FEDRSBMBABES N TR Y, ERETIIHAE
B L EHER OMANZY T T A MO DRI BIHI ST\ 5, & 112 ab initio MO &
BTR7Z IPMS O FEHEREEN S A RT, 4R, IPMS TEUH|, L8k S 7=WI#RI%. C(isop) —
S FAVUEEIFHEIRED YT 54 T A Y 7T aEAEO 2 O A F LB LS FE 2o
7o AF NI DM AEAEM (gear motion) (IZX VW EENZXZF7- AT ML EEbitd, IPMS
ERWEHEDH D A Y T E L AF L —F L (IPME) (ZOW Tk, HJI1412 X - T gauche
DHPBRHINTOER D, JIEE trans (ZIER L, 7 T4 SEBE, AP LC. i Elfiz 2
PEAR DN ERES) 2 %95 2 & IR ELRE D,

Table 1  Five lowest vibrational modes and their vibrational frequencies of IPMS (cm™)

REhE— R trans gauche

C(isop) — S torsion 36 68

CH; — S internal rotation 175 164

C(isop) —S—CH; bending 240 238

Isop anti-gear CHj; internal rotation 246 217

Isop gear CHj; internal rotation 267 270
[Z% k]

DRER R, B REE. JINE R, BEEAAR, o TRERRRS (B E) 2009.9.
JE. Hirota, K. Sakieda, Y. Kawashima, Phys. Chem. Chem. Phys. 12 (2010) 8398.
3] Nakagawa, M.Imachi, M.Hayashi, J. Mol. Spectrosc. 112, (1984) 201.



2A17
tert-7FNWVAFNVANT 4 FOT—) B~ A 70 AT hL
FRNTK, BEFR?) OFR &', =if &', JIE RE', EH 4£5°

(] MEE, AV TFa bt AFLALT 4 R
(IPMS)Z 14 2 FlEH OO [BIRAEMEAR gauche & trans
NHY., TNHDART FVIL CH; NEBRHS
WL AE 5582528V K512 trans TlE
TT T4 b IMHz LINIZBINL D 2 & 2 #is
L7z, AWFRIZ tert-7 FILAFILALT 4 B
(TBMS) (X 1) ZHY Eif, IPMS & RO
HERTINEDPBGRET 5 2 & - RINLRERR
BEMEL T FEEEZREL, T TIZ
RD.Suenram H T L » THFR & TWw 5 1 tert-7FIVAFILAILT 4 KD
(CH;);COCH; (MTBE) V& Wit d 5 Z & % HIY 5y FHEE
L,

[5EBR] THIRD tert-7 F NV AFIVANLT 4 RET LI TO0S5 BTREARL, B2
atm CTHFHES ) ANVINDEZET ¥ X —NIZHEH L, B A7 MLV ERE LT,
5~23 GHz O J& i ¥cfail 2 0.25 MHz Z & (2 20 [MFEHEFS | L, FEEHIE T 100~5000
mIFEE L7,

(RG] 0 o e A I B S AL 7= WU D 15GHZ 30 D b B Q B2 (K, =5¢4)
B L 8 GHz LA D a B R KL (J=2¢-1) EBZFNRHNVIZ, a BER 22 K L JEEE O
W b RER 103 AZIRE Lo, 180 K, D ¢ BUERB A LN S ot 5
NT-RHEER 2 5 TG DHEE L7l & Bl LT, BIART BV tert-7 F /L 2
FILALT 4 RIZEDEDOTHD EHE L, HONTZART MAOFT TR _EHRL
LTI STz, Z D535HE S-CHy D A FIOVEEWNHESIAIERIC & D 4,E 532U kbR LT\ 5,

AR B AR AR Ay
A3, )

Adzo H H Aao

EMR ETFEEFRE

8356 8358 8360 8362 8534 8536 8538 8540
7/ MHz

2 AE SR EEHIER



FL KB BLO4 O KT EESFITNEEE SR EFREDORE I THY . AT
b e BIBRRANCHE O 25BN ST, 4, E R EEREB DAY ML A 2
(2R L7z, LU IPMS THIE SN2 7 7 A ML TBMS TIIRH TE 2o 7,

HHER LT, WEINET X TOEBRZ AW TR/ ZF|IEEZITV, B0 1E
BAa R 1R LT, abinitio MO §H58 %2 MP2/6-311++g(d,p) L'~/ TTV, [FIHEE S A Ff
Uiz, EREE XSHILTWD, BIE, FNARE PC, S A7 MVREETT
> TWD,

A F VL D NS R R EE 1V, O fE13583.5(9)em™ & HRE LTz, F2ACHEHESF TORFH
HUVIESHEFICHER LT A FVEONTEHER T > & v VEREV, Z i D 7= R LTz,
ViOAEIZO, SH > U — XA THUOIR D #WZ R L, BLIREEN,

2, ST TOSHTHHVNEO
AR A LTz A F O NE Rl

# 1, TBMS O4FEH : BIHME L FREEOkE KT oo v LRERE 1V,
Experimental _mp2/6-311++g(d,p)  Molecule Experimental y(cm™)
A/MHz  3750.43184(88) 3764 .45
gauche  599(6)
B/MHz 2134.15765(81) 21443 (CHLLCHSCH, e 581(16)
C/MHz  1968.55390(74) 1975.92 CH,SH 445.34(37)
A, /kHz 0.310(71) — (CH,),S 745.47
Ak /kHz 1.466(82) — CH,CH,SCH; 724.1
Ag/kHz — -1.156(12) — (CH3);CSCH; 583.98
5J/kHZ -0.0291 (34) - (CH3)2CHOCH3 gauChe 603.4
dx/kHz  0.2531(98) — CHLOM frans 374 10(11)
o 3 )
ea/o 44.9(5) 46.52 (CH.),0 044,46
0,/ 45.0(5) 43.47 CH,CH,OCH, 9245
6./ (90.00) (90.00) (CH,),COCH, 498.6(30)
Fo/ GHz (163.944) -152.7
Vi/em™ 583.5(9) 568.8
o/kHz 35.6 —
N (a -type) 22 uJ/D 0.73
N (b -type) 103 uy/D 1.63
N (c-type)™ 17 u/D 0.0
e
(&% 3R]

DR S, I R BRI, o RS (B R) 20099 2P008
DONms BEE, Deil Eh, BEE 8 R RRERS (ORIR) 20109 2A16
3) R.D.Suenram, F.J.Lovas, W.Pereyra, G.T.Fraser, A.R.H Walker, J. Mol. Spectrosc.181 (1997) 67.



2A18
77 77 A (Ne, Ar Kr)t OH 7 V)L DEFHEREED
SRR EERART v L

GERBHAA L. S TRFAIFZET ) OfF &SI, ME— . (et
KEHH . SRR

[F] FExIZINETICOH ZV i AFE S (Rg: Ne, Ar, Kr) Hakn 7Y
HIVEERZE G, T — &ﬂ%@%®£ﬁmﬁ%%ﬁmj_3&m\%ﬁmEW%T
TUVXIVERET DO OH LWENTE E ZOERICOVWTHE L TE (1,2, *
BEICHEBREZMED, LW — 2 2Nz 5 &Iz, %%Fa‘ﬁn“\"-?‘/VJwWﬁBiiﬁﬁ“é
TV E L TL 0 BRI R b O A BRAT 5 07, ETHBEE D L DIZH
D ANINTZEREE D ab initio iR AT 572 £ LT, Ne-OH, Ar-OH, Kr-OH ®R&IZ
OWT X VKRR 3Ry FEMEERRT v v V&2 RE LT2[3,4],
[#8:811Rg-OH $&{A DHEHRERS OB 1L, 7 — VU =8~ o1 7 il 45 ik % vz,
F o TRIEAREOZ b Z M4 S IRBERER OBRNCIT, I VEE o 2 EHRs ik
M LTz, SEROAERTER X OSEREEE ORI ;Ob\f 3BT D (2],

[RHT] fATICH W= 2L b =T o BiRpg 7, REREEE L OEAMEOE T
EOFEMIIEMT 5[2], EFRERREEIZEHIT D Rg-OH ORT > v v v ihimid, FEEHR
1 CORFHICH LT.OH 7 VW NVORKEFDHERND DV DO ED HIHFET
LML ST Vak Vad 2 FENGTFET D, EEOMBHTIZIZ N0 OBEGEES CTE
N5, SEERT v Vg =(Vat Var )12 EZERT v b Vo =(Var— Vi )2 & A=,
Vol Va9 BE%0%, ITiEBED K8 1E

Vc:h (Rv q, 9) = Gq (R: q, 0) exp[ch (qv Q)R] . (1)
S &L OV BRI
V2R 4,0)= £ 12 (B.(0. O)F)) 60“” B (cos0)
G, (q) @)
+ Z £ (1B, (g, O)R|) 2= P" (cos0)

Kiof%béﬂém=ﬂmm[k::Tlﬁﬂimﬂ\%fﬁmﬂfﬁﬁokq\ﬁ
XV a B EEEOER T, TN Rg & OH OELEKEST ML Kl O X,
OH DOV GIEEEN DL OE (9 = r — r) KOEEREE: OH o+ AThH D
(Rg--HOH&EA0=0"° £5), H5/37 A—=F OHERFEMEIT, VT v v RIVRERE
W&o,

B,(q,0)= 2 b,()F; (cos0). 3)
G.(R.q,0)= 5[ 2.(0)+ 21, (DR+ &, (DR 12 | (cos0) )

ERDL, BICHEBREREC,,(9), Ci.(9), bi(9), 2.9, g.(@), g, (q) D q EiFE
X, T —BHD 2 ROBEETTHER Lz, ZNHDRFREEZ /T A—2 L LT,



ﬁ%ﬁ%ﬁﬁ?éié’Wm*%%’ibf%yykw%ﬁéﬁﬁbko%m:%%ﬁ
DEEDOPII T A —H|ZiF, BHFEZ H 5 HIZEFE L= UCCSD(T)-F12b/aub-cc-pV5Z
(KrOHﬁqObVCiQZ)VAJMDabmmoﬁ?f@%%%w%ﬁﬁf/V%ﬂdMﬁ%iﬁED%
TNEEZ 7 4 FLTHERELOEHWE,OH 7 VDAY —#uEfH AEHER %
b8 & T HMMIREE EEL T e N OB A B UIZH R LB E EBIZ OV T
OH fEARKAMEEZ 2 TEET5H T, [FNA Rg-OD 57—t Rg-OH LR LAKRT
T Vil CRIFHICHBL T 2 F N TE o, R/ AT D5 EIT A2 TOEERIZIB N T

10kHz F2EETh - 7=, 0.
[RREER] i L AT o v Lo 1@ Ne-OH
IMEDO A BRI 2K 1(a) 12, F7=Fswtn L---
ERAYA) %Wﬁ%ﬂﬂ@%luwuﬁﬁﬂﬂbm{
fEaEIE r(g=0A) ICEE), i H AT D571
RICHHS LT, BOWFRHT AT EREE = R F— ] .
DINEL, ZORGEL/ NS RDERDLND, 140l .7
3 FIHDEERIZONT, 0=0" |[ZBT DR ]
7w v® OH fEAFARGM (g A =X -180
2127 T, H D(A). (B). (C) TR LT 1 —T7 1, 1 (b)
FHEI g= —0.1,0.0, +0.1A BT A RT 381
¥ ILHERIZ T 5, Ar-OH & Kr-OH DOy | °
KT 2 VTR g DN R C
KT 2HDIZx LT, Ne-OH O Z T FEIEEDZAL, a8 IR
WX LT T A5E N2, OH 7LD 3‘2' T
WHGEF-E— A > MEg= —0.1~0.1A OFEE TH 0 60 120 180
FNHINT 5 = &5, Ar-OH X Kr-OH O
DET, BT — RIS EAER O ¢ K X 1

&
=1

-1001

Energy /cm -1

36 '~

R, IA
/
U E
-0

T

L LTIRTE 5, L L7225 Ne-OH O
BOENTZ O EHMAET LTI TE oV, 20 g KEMER IO
FIOEBLER LR bR 0nHEE R L TV 5,

(A)(B)(C) Ne-OH (AYBIC) Ar-OH . (A}B)C) Kr-OH
e 40
f’;\ 80
D.120
& -160
200 , r r . — . ——
3.0 4.0 5.0 3.0 40 5.0 3.0 4.0 5.0
RIA RIA RIA
= 2

[1] E—F &, FH—RESFRFRHERs 4P094 (filis 2007).

[2] Y. Sumiyoshi, et al. J. Chem. Phys. 125, 124307 (2006).

[3] Y. Sumiyoshi, et al. Phys. Chem. Chem. Phys. in press (2010). DOIL: 10.1039/c002193h
[4] Y. Sumiyoshi, et al Mol. Phys. in press (2010).

[5] R. Bukowski, et al J. Chem. Phys. 110, 3785, (1999).
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N-AF /LT R T IR —KEARD AT )V FENERBIHRAR T > L

(BRKBE- HRY, GIRAK-FL?) OFFrT IEREY, (23R H70 Y BA 8, B B Kig FEk?

[F] <7 F FEHOF# G IL, X7 F FfEE D C-N 38 XU C-C fEE#lE v o L7
SNER L7 o TWDHN, ZOMWEZELBEET H7-DIIE, R UNAIKT 2 NEEIHER 7
YUXNEMDZENLETH D, Fio. FRRAE TS Z R D D 53 FNKERE S (NH--0OC %)
R, W TH KT & D FRIARFZES DN, X7 F FEEIRDOTIRIEIZ E D K 5 e
ERIFETONERHRDL Z L1E, @mREEERRE L HET 2 ETEETH S,

FxlE, N—AF L7 F7 I K (CH-NHCO-CHy) HiEfik: Z D )
KEBERS T OWEMEA <7 FAZBBIL, X7F FEOCNECC | f
SEABIE ) O CEBIC ST 5 — o0 2 F LD N EEES) ‘F
LB DEEMIT LT, BTV LOREEFoTE, N-AF | &

AT N7 I RRERICE LT, BECH A F L EEONEEIERR T
S L EPE L, NEREEERERE D & Vs DIEA Vay = 79.06(9) cm™, Vi, = 73.47(5) em™ L #45 LT
W5 [1] o £72, N=AF A7 & b7 I F—=/KEKRIZE LTI, Tunneling Matrix %% H 72 A~
7 NVDIFE & FRENT 24T 720 BIERES L D B E 2 e Lz (K1) [2], LAL. Tunneling
Matrix JEIZIZNEREHEAR T > & ¥ L BBIZE D IAE N TORNZD, BT 2 Y VOREIZITE

% 73? 75)/3 f:o /—‘r\ﬁlﬁi\ 7}(%%:{7—';@ A 8 MHz Clock i Function 10 MHz E
Generator
2 |2 3 Timing Controller 10 MHz Clock
~ 7 ]\ U4 JFEE % @ &) é k k %') (IColunter/Timer) T;Il_fl;:;es 10 MHz Reference 30 MHz
NS
Z . = D R Fr 1z vy 7= Frequency Scan | MW Synthesi #5 =] RF-sw
e, REEORITIZANT [ e
Torsional — Rotational PAM {42 Trioger Image Reection |y (9 ~ 26,5 GHz)

Digitizer [T 30 MHz

K DIRT 24T 720 NERIE R AR 7 a2bi Amp & Filter [~ T ) ssem
Triager _—
YUx NVERE L, £, : i vHB0A M 2
s o .
CHs-N & C—CHs A %/I/%@%fﬁ Multifunction
pAY [nl[— A=

& NEEIEAR T s v L DS

RPE AR HEE L C. CDs=N [FEIfZ it | —
{Z'-‘*i (N_ )( ?‘/I/'Dg,'?'{z ]\ 7 ‘: Liqui’;i'el::ziirvoir Swﬁpm
K) OHIEZBB L., BEETO ‘

LZ A WMERORE & A 2 1E X2 HBEEANAY Y b 7= o~ A 7 alssytE
FET Lz, ENHORERICHOWTHRET 5,

[F2Br] BEE/ AT zy b7 =)~ A 70l 530G (K 2) 2 LT, 8~26 GHz O JE I 4558
W CHBIEE AT MLV ORIEEIT > T2, BE—R XV (K 3) % H
WCN—AFATE T IR (XL NCD; ff) %49 80°CIZIR
B, ZZITK 8 KIEDRA U/ KIEE AT AA L T AZEN
L., BRIV EZET v N — NI SV AR S STl H
=LA L, KiZe—h RV RIB R E LI A R

XA
HIRBHRESS—

N—AFILTFHFPIF

3. WIARFEHRfT & SR ) X



[CANTHY, FRTOMARREIZLV A ERE LT,

[eti[E] i 2~ ML O I B AT
1. N=AFATE N7 I R—/KEEKRDENHE EfEHT
LLRTOMFZE[2] T 5 41T U 7= Tunneling Matrix 7412 X 2 fi#dTHE 5L 2 VT R EER O 83 5k
ETRHURBBEZED T ole, TORE., £ TONIBIEHEXIFE A, By, By, Es, E4 12X LT, Ky=3
-3 D atype BBEL K,=2-10 b-type ERBELFTICHIEL, G5t 640 & (NJEFEZIC K58
MRS W A B le) OEBEEHMOT — 2 250 Z LN TE I, ZHUTLETIOR 25 Th 5,
Tunneling Matrix {512 & 2 fi#fT Tlk, WERHROEB) =% L X —IHERT ¥ ¥ LT RV F—IH
EEHFERVBSERI NI h=T
H=AJ,?+BJ,>+CJ,* +H +i Z(qg +gyd° +qu592)59 + Hegq (1)
g=z,x,y
ERNTVD D, FHERBRAKEEICENEWOMERH D OO, KT v v VK ZER)E
BT 4 v PIPOEBERD D Z ENTE R,
—7J5. Torsional — Rotational PAM £ Tix, XD X 912 oD A2 F IV EONEadRES) & §HIC
BATENIN =T EHWTHRITZAT O 12, N7 Uy VORENRFREL 8D,
H=AJ, +B'J, +C'jy +H, + 1,9+ 8,0, +f PP,
+1V,, (1-cos3a, ) + 1V, (- c0os3a, ) +V,,, (L - cos3a, fL - cos3a, ) +V,, sin3a, sin3a,

- Z(qijz B, +1.J.p, )+ H,qq + (higher — order) (2)

i=1,2
BHSNT-EBBEEEERNT, B/hEET 4y MZEY N=RAFATE T I R—KEEERDK
1 TEHAE D TE LT, Tunneling Matrix %0 8 EFRE D4y T EE DI THIITT7 4 v FTX, ZDF
¥) "R fm A2 26 kHz 1L, JIERE LRFRE CTh T,
2. N=AF/NDgyT7E 7K (NCDs) [RNLIRSTTFEDOWNE & fEHT
JKEEMR L [FIBEIZ. Tunneling Matrix % VN T 5 24T O N EB AL R FRFE O RIS ER & I 8« iR
Hr L7-11Z. Torsional — Rotational PAM 52 X DT 217\, K0 ERERE LT,

(R Z 2] O R N—AF LT 8T 2 K= KEHRD AT L IENEREERR T S Ui,
Vi = 88.61+0.96 cm™, Vi =97.4+2.0cm™, Vipc =6.34+0.22 cm™, Vs =-41.6 +1.0cm™

ERELIZ, ZHUZKH LT N=AF AT b7 2 REERORT v v LiL,

Vi = 79.06+ 0.09 cm™, Vi, = 73.47+ 0.5 cm™,  Vipc = 0.914+ 0.027 cm™, Vg = —2.989+0.060 cm™
Th-o7=[1], Tople Top2 DEFEITRS TRV, BIEDLZ A, HEK, KEEALEIZ, Topl 2
CH3—N A FLELIZ, Top2 73 C-CHz A F/LVIEEIZHIET 5 EEXT0D, EBLLDOATF MY, K
IR ZTERK LT2 356 T OWNEREHER T > ¥ v VEBEDO & S Vs OfEIE L7252 L 2R LTV 5,
AFNEOIR/EDD BB D LB Y THIIL, C-CH; O EHFEDOHF N RKEWNZ LT 5035, 1 O
WEBETIUE, KT EOVEEFICL>THIATE b0 L Bbhd, Eio. KEHADE
WLV, RTF U LR AX =TT D oD A F )V O BEAERIE, $71Z Vigs A 10 £2L4
EOHWRLTWDEZ ERNbhoTz, ZORKIZONTIE, BIERGTTH D,

[1] N. Ohashi et. al., J. Mol. Spectrosc., 227 (2004) 28 - 42.  [2] HF, KiE. #. HF2%5Ha2 2008, 1D21.



2A20 He-HCN DOFFEEEIR I T D oy MIRENERS O < U i ~EH LI/
CURBEE) OJFHEN - HfkE—

5] Hel HCN 1340 CTH9 < #E A L7/ 185Dy =9 cm )T, HCN #4313 H I [ElHE |2

B% LT D, He-HON O L —HERL &1 11R LTz, 2 2 °Cjid HON O NIz o) £ )

BEE, NISReRoRizo AES REE 75, JIIeAESERE 1 TH D,
oz 13X j=1-0 DO NEREIHR AT (12 1

FRANZBIA L7 Y, MiE65EH  em’| _ Disocston Limt forflevel: __ ---- 4 ___He+HCNG=1)
I¥ MBER 212 L W #iE ST, Y, T

EL AR AAET NI (L sey Dissaciation Limit_He +HCN (=0)
B 2 LR RE=2) 35 L O - i =2 1’ 2 ;
FEsE 1 BhIRBE(v) ~D 5 FHIRE) g — —
BRI 1 fk, SERENEBIIL Y, ’ /
Aa], SHIZE 1 RREITRT
j=2-1 PR EHEE R A B L 7= THt s .
HTD, TNOOEBO FAIOHERLIL, )
l/' 2 @ """

-4+ 3

[
2
N

m‘\

() DASVT—Z D R T |- R
— 1

AL END, TS DR T4 =00

RT X VIBOFRER T, He i 1. He-HCN = 5 L 3 — YEfiT

& HON O HLEIRIEA~ D@ H OfFHE =2 — LR WX — %o TV D E TSNS, Zh b D
YERZI1X HON 23 FDEEEAS 1 D S REBICULMBRECE/2, T D72 2 6 ORI e T %
NX—=NETH L0 b LT LERGAIRETHD, FEORAIREEIL, He-HF 43 T DOIRI A
~ZMVOBINZEY, He-HF 43 70 HF {REEIRIEIC W TRIISL 05 Y,

[%5&] @ﬁ@ﬁﬁ%ﬁi*/b%‘—‘ J: D J:G:T?Ej‘é |1\f1i]1imcterfwwe DuublcResnnanccl
z’%{ﬁ/\@%% &‘i‘Fo)ﬁffiio) ﬂ_\g I:D - ]/‘—‘ ‘?/ = “/75§/}\ 7L£ 27 T ‘White-typ e multi- Reflection
Probe |2 (f-rourad trips)

BREENGIWZ D I U “EALEVEIC L0 IRE A
WeE Lize 2 ICHWEEE 2Rk, B2

P21 ER L — N AT D =10 ERR AR T | \
T2, By HiFEe—bA S v X — |2k T a— wmw  Pump |

TR L BRTH BRI MAR T 5, KT HD Probe i S
L 7 — 7 DR & 900572 6 Th X Setie é?“m““
BHBOBERTYA Y —2 Y v FIRIET-% R0 TR -
LTKAET v B LT BT R D% InSh BT 2. I V- S Y P

BHIL7-, HCN % 03% &ie He T A%/ LAY = v b ) AL BALIE 25 atm THES LT
He-HCN $EKZ A L, N7 HEAH LI EDT 7N OBEEAZBIR Lz, [EEsiRE L
K RREEHEESLD,

A EB S 7z 122 O j=2-1 NERIEERER & X 3 127877, 176GHz {13 TR & 4u SIN=3, HRiE
0.8 MHz CHUll S 7=, ZOEBO FUEN L, LN EZIETD =10 BBE R 735 L, T



MORE 2L —2a BRI TENDT0,
U RT L DI 7T VD8R 2 fFI12HMm L7,
INEY ZoERITI=I"-1°0ER LIRE SN,
kI I =320 (8 3T 3% R b Ll S T,
[Z22] N bOEBO FHEMIL, @ Ok

FX—L 0 J=1 T 134em”, J=3 T 1.56cm’ 41 o1 ==
FIZHD7, WITNOER T ORI LY (348 Pump Off bump

WM THLT, BV S SRV ChH _ oL,
MHz [ ] =2

%= ):Zﬁﬁj\f)‘éo ﬁ@%ﬁ@%ﬁ%%ﬁfﬁiéﬁ@@]% J 16 18 175920 22

THRF—E, KON T 4 —DMRIES LD, X 3. Bl AT kv

He-HCN TIINY 7 4 —iZ(-)" c£ &N 3, e, f I~
T, CPRRUF =& LW E X e, (1Y RRY T
U—lZELNEEFERD, Lo TEYMITL by ef 23k V/%gjg
5, SAMEBREL )T 4 —IMRAE SN B T D fiREEE %® """"""""""
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Fourier Transform Infrared Spectrum of c-CsH, and related

ab initio calculations

(Okayama University) OPradeep R Varadwaj, Ryuji Fujimori, Kentarou Kawaguchi

(I) Significant attention to study the spectral properties of cyclopropenylidene (c-CsH,) has been
evoked because of its observation in laboratory in 1984-85 [1-2] prior to its radio-astronomical
identification in space in 1986-87. Since then microwave, millimeter-wave, and infrared spectra
are known for the ground and a few of its exited vibtational states [3]. Hirahara et al [4] have
analyzed the high- resolution FTIR infrared absorption spectrum of the v; band in the gas phase.
However, the band origins of none of the other excited vibrational states are yet known though
there are matrix isolation data for some states [1]. In this work, we have analyzed the high-
resolution FTIR absorption spectrum of c-CsH, measured by using a Fourier transform
interferometer Burker IFS 120 HR.

(I1) A detail of the spectrometer has been reported elsewhere [4], where a multi-pass cell of inner
diameter 14.4 cm and 150 cm was used to attain 56 m effective path length. The molecule has
been produced by microwave discharge though a low pressure continuous flow of allen (25
mTorr) in Ar (30 mTorr) in a side-arm glass tube attached to the multi-pass cell.

(1) First of all, we assigned a series of strong and distinct lines of the Q-branch K; =1 « 0
lines starting from J=16 to 30 based on the predictions done with the help of the constants in
ref.[3], as shown in Fig. 1, and were fitted simultaneously with the 25 reported pure rotational
transition frequencies. In this fitting procedure an average weight of 10° was invoked for the
rotational transitions compared to the ro-vibrational transitions. We could not manage to assign
the Q-branch transitions from J = 1 - 15 presumably because of an unresolved strong overlapping
between them. Instead we could measure only an overlapped line for all these 15 transitions
centered near 776.0 cm™. This line was broad, intense, and clearly stands out in the observed
spectrum compared to the other Q-branch transitions. The other Q-branch transitions J < J were
degraded to higher wave-numbers with increasing the J values (J > 30). Successively, higher K
c-type Q-branch transitions together with some R- and P-type transitions were included in the fit
to refine the ro-vibrational parameters where K values range from 0 — 16. The observed
spectrum shows c-type structure in with high J ( J up to 30) and low K_; (up to 3) ro-vibrational

transitions clearly and distinctly stand out in the spectrum. The rotational constants obtained from



the fitting analysis shows good agreement with those reported previously [3], and the vg band

origin is found to be located 0.95
at 776.11729(7) cm™.
Since there is an apparent 0.20
discrepancy in the reported .
. . . 2 0.15
ab initio values of intensity, =
L
we have extended &
o 0.10 -
calculations using various ﬁ
DFT and correlated methods. 0.05 -
It is found that the inclusion
of anharmonicity has non- .
negligible effect on the Fig. 1 745 775.0 7755 7760  T76.5

structures. None of the MP2 Wave-numbers (in cm"}

or DFT methods were

adequate for a realistic trend in the description of the band intensities of c-CsH, assuming the
reliability of the QCISD and CCSD levels data. The discrepancy largely underlies between the
bands with frequencies at 789 and 888 cm™. However, these calculations indeed guide for an
understanding of intensity profiles of various bands required for experimental search of high-
resolution infrared spectrum of the compound and that to verify the accuracy of the level of
theory used for computation. Although intensity determination was not a crucial interest of the
present study, we have roughly estimated the intensity ratio between the v; and vg bands. A few
ro-vibrational transitions with the same lower state quantum numbers (J, K4, and K.;) were
considered for both the vibrational states. These transitions were not significantly suppressed or
overlapped with any other transitions. The integrated intensity ratio 1.8(6) is found to be in good
agreement with the value 2.4 obtained from ab initio and DFT methods. However the reliability

of the ab initio intensity data for the 888 cm™ band is still unresolved.
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