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Effect of hydrogen-bonding on the transto cisisomerization
methyl-4-hydroxycinnmate
(Hiroshima Univ.1,Institute for Molecular Science2) Daiki Shimadal,
Yoshiya Inokuchil,Masahiro Ehara? Takayuki Ebatal
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Various photoreaction channels of the guanine—cytosine base pair
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Isomer selective investigation of solvent migration induced by
photoionization around peptide linkage in Acetanilide-(methanol)
1:1 cluster

(Tokyo Institute of Technology) Martin Weiler, Mitsuhiko Miyazaki, Masaaki Fujii

[Introduction] The interactions between molecule and solvent are manifold, e.g. dispersion forces,
hydrophobic/hydrophilic interactions or hydrogen bonds can be mentioned. With regard to the
importance in biological processes proteins are of great interest. Because of their peptide linkage,
these biological supramolecules can either act as proton donor (by NH-group) or as proton acceptor
(by CO-group). The biological environment of proteins is affected by water and the hydration has a
strong effect to the structure (e.g. o-helix or B-sheet) and reactivity. The dynamics of solvent
molecules becomes important, e.g. in case of folding motion, because here the solvent molecule has to
migrate and a rearrangement of the system is necessary.

Acetanilide (AA) is one of the smallest aromatic molecules containing a peptide linkage and
acts as a model substance for investigation on a molecular level. In case of the water 1:1 cluster, a
rearrangement of the solvent molecule induced by photoionization is observed.!"! The solvent migrates
from the CO-binding site to the NH-binding site. By applying time resolved IR spectroscopy, the
migration dynamics was observed in real time and Sps lifetime of the migration, role of intracluster
vibrational redistribution (IVR) and existence of an intermediate have been revealed.”

In this work, we will investigate the clusters of acetanilide with methanol (AA-(MeOH)) and
will discuss the effect of the solvent. We measured the R2PI and IR-UV hole burning spectra for two
isomers (see Fig. 1). By applying combined IR/UV techniques a migration of the solvent is observed
after ionizing the CO-binding isomer like in the AA-(H,0). Furthermore, we will compare our results
with DFT calculations (M06-2X/cc-pVDZ) and to the former results of the AA-(H,0O) clusters.
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Fig. 1: R2PI spectrum of AA-MeOH in the region from 35500-36800 cm™ and the structures of the assigned
NH-bound and CO-bound isomers and their relative stabilities a). The IR-UV hole burning spectrum of the NH-
isomer is shown in b) and the one of the CO-isomers in c)



[Results] Fig. 1a shows the S;-S, R2PI spectrum of AA-MeOH. From the analogy to AA-H,0, the
band systems at around 35692 cm™ and 36064 cm™, are tentatively assigned to NH-bound and CO-
bound isomers of AA-MeOH cluster, respectively. An experimental proof is given by measuring the
IR-UV hole burning spectra of both isomers. The IR laser is fixed at 3494 cm™ (H-bound OH
stretching vibration of CO-isomer) and the UV laser is scanned. The resulting UV excitation spectrum
of the NH-isomer is shown in Fig. 1b. The UV excitation spectrum of the CO-isomer is measured in
the same way by fixing the IR laser to 3395 cm™ (H-bound NH stretching vibration of NH-isomer).
The structures are also shown in Fig. 1. The observed relative intensities of the species are confirmed
by the calculations. The AA(CO)-MeOH is 2.19 kJ/mol less stable than the AA(NH)-MeOH species.
Furthermore, the assignments are immediately confirmed by the IR dip spectroscopy that gives the IR
transitions in the S state.
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Fig. 2: IR/R2PI spectra of AA(NH)-MeOH (left) and AA(CO)-MeOH (right) in the So- (lower traces) and Dy
state (upper traces) and the related calculated stick spectra. For the D, state of the AA(CO)-MeOH isomer, the
stick spectrum of the assigned solvent migrated AA(NH)-MeOH is shown in black and the stick spectrum of the
last optimized structure for the AA(CO)-MeOH in red. The free NH stretching vibration of the monomer in the
S, state is observed at 3472 cm™.

The IR spectrum of the NH-bound isomer in the Sy state is shown in Fig. 2 (left side). The
transition at 3395 cm™ is assigned to the H-bonded NH stretching vibration, the transition at 3680 cm’
! to the free OH stretching vibration of the MeOH. The corresponding transitions in the AA(NH)-H,0
are observed at 3417, 3644 and 3743 cm™. The IR spectrum of the CO-isomer in the electronic ground
state is shown in Fig. 2 (right side). The transition at 3494 cm™ is assigned to the H-bonded OH
stretching vibration. The same vibration in AA(CO)-H,O is observed at 3492 cm™. A very weak
transition is observed at 3473 cm™ and can be assigned to the free NH stretching vibration (3472 cm™
in the AA monomer). From both measured IR spectra, the assignments of NH- and CO-bound isomers
are confirmed.

The IR spectra in the D, state for both ionized species are shown in Fig. 2 in the upper traces.
No significant differences are observed. The transitions at 2960 cm™ are assigned to the H-bonded NH
stretching vibration of the AA(NH)-MeOH isomer and the transition at 3661 cm™ to the free OH
stretching vibration of the MeOH. This assignment is also valid for the AA(CO)-MeOH isomer. The
existence of the same structure in the Dg state can be explained by isomerization, the solvent molecule
migrates from CO to NH binding site after ionization.

In the presentation, we will discuss the IR spectra for both isomers after electronic excitation
and photoionization with regard to the structural dynamics induced by the photoionization and will
compare the results for methanol with water.

[1] K. Sakota, S. Harada, Y. Shimazaki, H. Sekiya, J. Phys. Chem. A 2011, 115, 626.
[2] K. Tanabe, M. Schmies, A. Patzer, M. Schuetz, H. Sekiya, M. Sakai, O. Dopfer, M. Fujii,
Angew. Chem.-Int. Edit. 2012, 51, 6604.
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Observation of photoionization induced water migration of
4-Aminobenzonitrile-(H,O); cluster by using IR dip spectroscopy
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IAD ZEKE X EFARY MILDBIEERAAT= -
M. 4ABN (NH)}W Tl ¥ — T iREE 9
EHEDODARY LA ELONIZ—AT,

() 4ABN(NH)-W (b) AABN(CN)-W

gt

4ABN(CN)-W TIXESMIBRAI S G, o1 1 4ABN-W DREHE
[4], SHhik 4ABN(CN)-W [ZIFhFA iREE Isolated water
[CEVWTRELGBENFEEET 1 4 RIS 1 oo -

BENERLIZCEETRELTLSA, BHME
BEEREIXITHOATULEL, FZTAME
TIXMAABN-WI IZFN R HEEERL. 14
REEIZH T BHEE E RIGIZDWTEHRART,
[32E&] 70°CIzhn#h L TSRIE S €7z 4ABN &

L1l
T 1
w

Signal intensity (arb.units)
[EEY
|
5
BN
12
1@
1Z£
Iz
1Z
1=z
] T prd
1 g
- z
1T I%ﬁ

HRABEERIZEE L TLSKELRE He AR 1 4 ! /

[ZHERL. /SLRNL TS BEZefEh 1SS ] NH‘ NVH v
LEBZES v bz 4ABN-W 4R LT=, 0 HQAMBNCN W om._aom
F9 H4ED 4ABN-W D REMPI A RS~ LK 3000 3200 3400 3600 3800
U IR-dip AR FILEFRIFE L., hEEEIREE Wavenumber / cm™

25115 4ABN (NH)-W KT 4ABN(CN)-W 2 4ABN R U 4ABN-W O IR-dip R X% kL

() 4ABN. (b) 4ABN(NH)-W. (C)4ABN(CN)-W,



DEEZHR LTz, RICEEMEEERNIZHKAA L. hFF U RKED IR-dip AR FILEE
E L1, T-EFILEHEZE M06-2X/cc-pVDZ LA T, V5 R 2 —DREEBERVIREI AR
9 FMIVERE LT,

[#E8 - &%) K 2 (2 4ABN R U 4ABN-W D IR-dip ARY MLEFNEFNTT ., AR MILIGE
EDHAEHER[B T L <HBEL. (b)TIE NH H#EIRE). (c) Tl OH HiEIRE/ N> RIZOAKREED
BRIZ&K B/ RO T ERAHLNDEDT, (b). ©)IXFNZH 4ABN(NH)-W, 4ABN(CN)-W [ZIRE
ENd, Ko THERETHADEEKRDEENER SN,

3(a)IZ 4ABN(NH)-W @ S;-Sp 0-0 /3> K

ERBLTAA U L [BABNWI @ 2 Q208N fonized

IR-dip ARY MILETRT, ARY MILIZIE % ] N“‘“H'_bond NHU vy,
3000cm™ {312 J A — K7A/8> K.3450cm™ > o Free
[Z{EMITIEAS o 1=/ K, 3700cm ™ #5512 2 glmemmmwmmw

RO v—THNY RBSERAIEh, ThEh S WMW
KESES NH E. 7 U—NH 8. kSF o1

? OH HifEREICIZEE SN S, 2 TIDR (c) [4ABN(NH)-W] " (calc.) 800 3

R P ILIZKSFH4ABN D7 3/ RIEES fEW) -z
L 7z[AABN(NH)-WT IZIRE &4, (c)D[4ABN o §
(NHJW]' OEHR XY PILERBDR RS () [AABN(CNIW]" (cale) 800 3
MlL@Zz&<BRLTWS, KSFHT I/ NH F £
RITHET BBBIEA A Uk LIRS L My | Tem L3
ShBENTENT, 2800 3000 3200 3400 3600 3800 O

—A.BE30b)DARY kLI 4ABN(CN)-W Wavenumber / cm )

3 [4ABN-W]'D) IR-dip R UIEERFN R RS ML

(@) 4ABN(NH)-W & A # 24E L THR =z IR-dip AR bJL
(b) 4ABN(CN)-W %4 # > 4E L THTz IR-dip RRY k)L
(c) [AABN(NH)-W]" (X 4(a)) DEHRFSNARY b
(d) [AABN(CN)-W] ™ (B 4(b)) DIBH/FINZARY FIL

FAAMELTHEONELDTHLH. FH
H(@)®d 4ABN(NH)-W A F L THELN
ARG FMILEEFEF—BLTWSRO.,
[AABN(NH) W]'ERILH#EEZEHDEEZ S
nd, £i-. FAO)IZTI KNS 7/ HITE
& L7z[4ABN (CN)-WI' OEFRHZ XY bL (" () MABN(NH)W]"  (b) [4ABN(CN)-W]'
3(d)) Tl&. NH MF R P# FEiEREID 2
ROy FHTS EHRCBND EATFRE '
ENBTd. 7U—0NH BEREN 1K1 9
[TOEBDRARY FILE T MNIEFEMNE

.

%o H€2T 4ABN(CN)-W DA # LI 4 [AABNWI DREHEE
[L[AABN(NH)-WI'AYERL, F b bAoA () DFES THILF¥—I%(a) - 2642cm™

EIZEEWKDFNIABN DT/ EMST =
JEBEABELI-EHERm LT,

EETIE, ToITSHRETODIABN-WOBER UREITRILF—DEIENEMILIZE X HFEIC
DVWTHELRREFETH S

[&%&3C#K] [1] S. Ishiuchi, et al., Angew. Chem. Int. Ed., 44, 6149 (2005). [2] K.Tanabe, et al.,
Angew. Chem. Int. Ed., 51, 6604 (2012). [3] K. Sakota, et al., Chem. Phys. Lett., 341, 70 (2001). [4]
K. Sakota, et al., Phys. Chem. Chem. Phys., 5, 1775 (2003).
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BEEY = hHFTO L—H =& iz
estrogen D /K &G A AEIE 2B D F5E
(RERBE « B) ZRESSAE, HOfak, TEZF2
Laser spectroscopic and theoretical study on the conformation and hydrated
structure of estrogens studied in a supersonic free jet
Fumiya Morishima, Yoshiya Inokuchi, Takayuki Ebata

[5°] estrogenlZENIZ & > CTEHEERFLELDOOEDTHY | Hx pAEEEREESZ L THDH
NTW5, AMERNTARL S 1 Destrogeni, =12 B-estradiol(estradiol, E,), estrone(Ey), estriol(E;) 37
EThHhO, MENIZB T 28 EOAEBIEHORIIZIZDIARTH L Z ENMbN TS, ZO4H
IEPED IR ST K& < BEFR LT % dvestrogensy1- & estrogen receptor & O KFEFEE TH D, 4R
ez 1%, estrogendD =27 o A—3 3 & A-ring & D-ring(Fig. )12 B 1) 5 K F G A& ISV
HHY =y hPTO L —Y—5ER E B AHEFFHRZ AW TR ETT o 72,

[FE®R] RV A I RROASNVR ) IV A TR Z A LKk S, AU 7 1 A(¢=1mm)
MHK 25 atm OA~Y AT A LI VAL LTHZES ¥ oA =g S EEEEY = v b
Ll Vv MIERTLHANG NEYAG L—HF—fhEfafz L —3—0 2 (FE 2RI L, L
—PF—FEAOE (LIF) A7 M EZIEL, 612, 2 AO L—F—% M /= UV-UV Hole
Burning(HB)i%, IR-UV —EIIGIEIC LV 5 FHEOEENII L ORE) A~ MV OREEIT 72, F
7oy KFEREAWE LTKINY 7 AZ—IZOWTER BT o7, K1Y 7 A% —ix, KELZZIRA
Lex vy UT HAZRHWTAER L, Fio, FEREER L Ok D 7= 912 gaussian09 /X 7 — %
AWTHEENBEEHELZITV, BEE AT PLOTPRIZITo 72, FHE L ~ULIE M05-2X
[6-311++G**Th > 7=,

[FER & E22]  (BK) Fig.llo Ny RIS DOLIFGR) & UV-UV HB(R) A7 FLaRd, 4
AT OS2 L C35000-35200cm IR DTS OB, UV-UV HBA~LZ KL
DOFERINDG, 26 D3 RiZestrone Tid2-o, estradiol Tix4->, estriol TId6>DER7e b3 7
YIS ND Z By oTe, ERERONY REE=F— L THIELZIRA~Z hL b

1 2 DFTEAEIZ L » TH L - IREN K

[ FHE &R ERE(E VE Flestrone:2,

@o“@ o (o nine €Sradiol:6, estriol: 16 ) > = ¢ )L %

T rene ) —LDOHBIZEY, InbDa T
o 2 | ; 1355 T OOHIE DRI D i

(V1D o T WCE o TEL TS Z ERH S

o @ " o 4 N M7 o7z, estriolz BN TS
e P L [° NB2Y T4~ — ORI LTY

‘‘‘‘‘ " ) i = v bR CE S RS R R O3
o @@ " b2+ AN oo N IRND L, DGl AEAET 5 2

Lo N \. N7
e D D KR BN S N K R
35000 35050 35100 35150 35200
UV wavenumber / cm™?

Fig.1 estrogen HA{AD R R kD LIF & HB A~<7 L



34600 34700 34800 34900 35000 35100 35200
— , e , —— , ——— e , e e
@) -« ~340 cm™? d

l< 340 cm' b c
[ a
WMA'WMW
(b) D

(c) *
L
Mo

P B P B P B P B

PRI T U T (ST T T TN T T SN SN ST SN (NSO SN SN S N S ST ST S NN SO S ST

34900 35000 35100 35200
UV wavenumber / cm!

Fig.2 Bo-(H:0)7 5 A % —® LIF 27 F L

34600 34700 34800
BELTWDLTeD, FEDHENLEILIR>TNDNHIEEEZLND,

Ukfnz 9 2% =) E,0L1KZ T AZ—DLIFAZ hL%Fig.2lmn LTz, BEHRARIZ KRR
EMNZ5H LT, BIKOF Y vy K by LU, d) 752241340 emRed-shift L 7= fi7 &
(Fig.2 b)IZ/N> RA B, C, D, & 524 Y Py REGD(Fig2 ¢ H A ENIE =723 & R,
H L7, UV-UV HBA 27 ORI BFig.2(b)d 3y FADE . (Q)D*ENAFHT Btz v Fig
KFREGsite N R DB IERTHD LR LT, ADEE=¥—L/IRAXY FL T, BEIROOH
R E) (~3656cm™) /> 5 %9128 cm™ Red-shift L 7=z & IZOH N R & RLH L7=, Fig.3lCDFTEHE T
BONTZLUKM Y 7 A8 — O ZEMEZ KT, £DADDBA-NngfllOOHIEIZIK 13 KFE RS L
TbDOTHD, E,OFRAMITT = /) — VIO T, KEMAICLDEFEBRZ R LY—DKE 2R
Red-shiftid = O /KR THIATE 5, £ 7-3HE T & U7~ OH IR ) O Red-shiftfif 1347125 cm™
THOBHGERE BV —E%Z/7R"d, —J, Fig.2 (IR L72*EIAfT W= 80 Rk, KFEEETERK
WL DEA AT FLOshiftfE23 /S Wiz FEA D B 72 D-ring/ll O OH AL & K437 & DK
M7 I AZ—IZ8DH0LIRE L=, £72Fig.2 (c) Tlid N> Ka, b(F 7=1Zc, d)DRed ] & Bluefll] i
FITShift LTEALEIC 7 T A X —D N KRB TS, ZAHIED-ring OHR I 7 4 A— 3 v
DIFEWZ L > TKFBREAHEAZRICT D200 TlE & E 272, Fig.3h D4A->NFR TH Lz
D-ring OH3 /K5y F- L AKBHRED LTc L EDOLEMIETH D, THR LM@Y, Aring OHE ITH72 Y
D-ringOHTIXZa v 74 A= a2k, 7a b Kb =27 787X —DOW 20552 L
Do le, ZiUX, E;dD-ring OHOEMEE DO/ ZIZERT 5D THY . FrlZantiBl D55
IEAFNIEDISREENKE K E,DD-ring OHN 711 k7 7 7 H —L LTKSF L KER/E
BT 2 HNEETH DT L ffam Lz, FEK TIX, flidestrogen(estrone, estriol)d =27 4 A
—va kN, FOKY TAX—ORFEEIZONT biEmT D,

- cis-anti-(D)-(H,0) trans-anti-(A)-(H,0)
cis-anti-(A)-(H,0) trans-anti-(D)-(H,0) " X

4 Y Q 2 o

. bd
- @ 9
» - PR * o : i + J 2 ? r y‘ K]
' cis-gauche(+)-(D)-(H,0) trans-gauche(+)-(A)-(H,0)
cis-gauche(+)-(A)-(H,0) fns-gauche(+)-(D)-(H20) ‘U‘ e’
4
4

» > * B 2 >

Fig.3 FHHIC L VR Ex(H:0)7 T A ¥ — DL ERE
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Trans—2-AFNVE ) T T I IND Vv —F—43H
CRRBike ) N By, & IEM, EpE 256
Laser Spectroscopy of the Trans-2-Methylvinoxy Radical

(The Univ. of Tokyo) Ryosuke Kawachi, Masakazu Nakajima, Yasuki Endo

[155] % T DhMTREH LR GEFIC BT ittt b,
HEOGHEETH O A FLERE ) VT O A G -
I, OCP) L B AT VA7 & DIRBERIG D FE M & %
z b TWBP 1998 4 Washida 5Pz k% 0CP) &% - .
FE7 V27 o DT cis, trans-2-methylvinoxy radical (UL ]

T, 2-MVR) EOKIGEA T — LB BT T208, 8 i
BHIShiz B?A" « X °A" BB O LIF fihiig 27 bL A i ) W+
FEROLOTH -T2, WEEEAEgET, ~v F ] e M [
DOWRERIFIRIL I STV R o To, £ D%, Williams ;;1"(')'[;'"”""";gg(;g'"'"“”'g’ggg'(;'””'“"';;gc')g
SMick-Ty=y FAEIS L cis, trans-2-MVR @ Wavenumber [cm1]

B« X #E®BD LIF il A7 MR HESIN TS B1 Williams 52 K% cis, trans-2-MVR
(K1), cis RICBIL T, 32 R ATEA Y P08y R ? B X BBOLIFREASS by

N2 R B~F I A FNEONERRHEESL L IFE STV 5, trans IRIZBA L TIE, N R G 13A4Y
DR R N R H, L LIEATFVEONEEREER TR SN2 N R K M IR S
T, AENE AV KK M OREZITHY EFHIZ, B> X BEOSBEE(DF) ALY hMLE
HE L, EJEIRAED 2-MVR OIRENER 2RO HZ L2 HIWE LT FOFEREIT -7,

[FBr] KEBRTIZ L ZMEBIC L » TEEHEY =~ FHIC cis, trans-2-MVR 2% L7-, o7
JLH A & LT 1-ethoxy-1-propene CH3CH=CHOC,H;s (cis, trans-JE &) % Ar T1.0% (2R L7=b
D% V=, JEIRICIE NI YAG L —#—(532 nm) it 3% L — ¥ — D H /)% KDP ffdn Cfiz)E L
= b D& W, IV A SRR ) AV OREEBEIT 1500 V, BZEF v v X—NOWJEIF 1.0 X107 Torr
THEEBIRoT,

(555145 & 417~ cis, trans-2-MVR OB « X &
BoO LIF i A~<27 MLV ER 2 1277, X2
O LIF Jihig 227 kL% Williams 5 ok 5k
ThH 1 L L7 2 A, cis-2-MVR &
‘J%Eéﬂf‘:/ﬁ\/]\\‘ANFKH:/\\WC/V/FG’ K, 292)00 ' 29|500 ' 302)00 ' 30:’)00 ' 31500 ' 31|500 ' 322)00
M OFRFFREEDHIN LTz, ZDZ Linby Wavenumber [cm-1] _

F G, K, MR FRc L DA oF | AL ‘ T |‘ I
D trans-2-MVR & & 2 7=, ®IZ, X2 R G, K, 12

HIEDip ALY Fv

LIFfhiEE A~ 27 kv

M ZHZZhie LT DF A7 b fIE 134 S tal—iay

L7z, 31230 kG Riiic kv Billsh B2 05 VR & B e % B LIF B A<
. . e cis, trans-2- B<X AR )

7o DR AT Py, sy PRGBS Y~ (FEE) LA Dip 227 M (BY). trans-2-MVR

F MOLPRO % H{v T RS2/cc-pVTZ L ~/L D ®D LIFBEARY pADYIalb—vay (TH)



FHE TR O trans-2-MVR D FEJE - FhAREE D ' ' %% 510,

Sy HEE . JEYEIRE), LR 2 AW : : i AL SIS

Duschinsky %) %- % % & L T Franck-Condon [& ¥ ' ' ' ' o

ZHELDF AN MDY I 2L —va vk
3270, — X 3iC -2-

BIl7holz, —f#lE LT, X 3IZtrans-2-MVR DE2<s kb

DOS/NY RE bk L7235/ D DF A7 hL kb ‘

Franck-Condon > = L —3 3 U OFERZ R~ *ngdww WJWM WJ

BRIL7Z32ODF AT PRI a2l — 1000 rze(l)é)tcl)vewavenumber z[lcor[T)]oll 5000 6000

g ERW—EHAERLIZZ END N RG K, R 1‘ 'rlr || IH

M % trans-2-MVR |2 L %ER L JfE L, &K

Ji( B 6 Fl O FAEIRE) & IR 2 K IR T . .
e vVialb—Tvg»

INCHRE LT, F/h A ROERERZI

ohe ~ 5.7 cm®t LRV EBRMASHIEEND n/\;é

F i Kkx< . DF 227 ML OIBBETEWE B3 trans-2-MVR O3 F G @iz & 5 DF A7 b

BRIED HEBLECTHD EEZBND, LIF E¥Rabmyay

AT MUZOWTHREO Y I 2 b—va a8 IR &

(M 2), AR M &0 b@EERER T SnoiEE Ay k. K2 BHISHEREA<S by

Wb &R E37=03, LIF b A7 KL TTIE, cis, trans-2-MVR B2A" ke

IR TE 550 FIZHRTE Aaot, AU K G, K, Mo _Relative energy [em™] _ assign
FmaPELzE A, %ﬂ%“ﬂ 206 ns, 179 ns, 106 ns &\ 9 #i 5 0 03(G)
BRI, ERREIRIZL < (2 Uit o THOLFAVES 725 oy :('(*I;
&wﬁ#oto%of\@%ﬁthﬁwﬁ%@ﬁtﬁui\ﬁw 1016 mQM
HEHRANRTRANFIET D 720 LIF 3TN T & pin o To FAVRIR 144 6 mSe(J,)
SNb, ZOlH, N KRG EE=F—)E Lzt Dip A7 494.4 134(K)
M EARELEEZA, K2R LXK 9IC LIF R A2 hv 531.8 ? (L)
) e TIIELH S 72 0o T iR Eh b 1E 754.3 13'202
x1 ﬁi%%;gfﬁfm CLOIFE RS 2 Z LN TE T2, 897.4 12'(Mm)
X 2A" IRIE LIF J5h2 43 Y35 & OV Dip 5 T 952.0 ?

w5 15663(33) ML KER2IDE L Df, /S o s

SZ uméég TNDZEMBAUEG K M2 11453 10t
W1 898.1(42) A= FRICL DA R ThDH 2 1231.4 91
W13 549.4(25) EBHERT D Z &K, 1260.5 71
Xss -10.38(74) 1390.3 121131
Xs7 -8.2(15) 1601.7 ?
X313 -3.42(56) 1638.5 10131
Ot 5.7 1748.9 91131
1792.5 71131

1880.3 5t
[1] A.M. Schmoltner et al., J. Chem. Phys., 91, 6926 (1989). 2045.9 101121
[2] R. Quandt et al., J. Phys. Chem. A 102, 60 (1997). 2094.8 101132
[3] N. Washida et al., J. Phys. Chem. A 102, 7924 (1998). 21339 7t12!
2289.8 51131

[4] S. Williams et al., J. Phys. Chem. A 104, 9906 (2000). 2406.8 71101




INL NO, B 2E’ — X 2A; D SVL S A AR kL
(EEMX FH)  BE B. BE %
Dispersed Fluorescence Spectra of NOs B 2K’ — X 2As Transition
( Hiroshima City Univ.) Masaru Fukushima and Takashi Ishiwata

[(F] NO, FERMLGERBRILYD 1 DTHY. FOARBITHRINEELL . KRIEFE
TEERIV—FDHILELTHBENTINS, CDT=8 . hAEY LIRTKY. ﬁ'l’:{bid’a‘dtlfﬁj\ﬁ'ﬁ
FREDSZDAHFTEKRNL-NTE =, FEBBORINE NO;, D B 2E — X 2AY
BIELFREN . EDPWENLGSNTVNESD IRENVEATO—RE1=6. B 2E K&
DIREEIL, RIZIZ, (FEAERBBAINTULVEL [1], —A., X 2A7 KREL. FHNEH
FREED DO DIRBBEDBTHNEDON ., B FIEEDN D, HIFEDFEBETH
BRE . MGYDEBMNFEoNTNS [1] A REFBROBELZ L, KR TIE NO, B
2B — X 2Ay BBOE—IRELENM (SVL; Single Vibronic Level ) ANLMHERT A AR
SRIVEBRIEL. ZDIRBIEEN DS X 2A) REDIREBELFRITTLI-.

[3EE&] NO, 1% Ar IZ—FL71z N,O, OBRSBTERSE T, BRRIE/ ANVFIV I XAETOH 30 mm EDEF3
YIETITof=. L—Y—EE#E (13 (LIF; Laser Induced Fluorescence ) [FENMEEHONDTH. 9 20 mm THIEL.
ZOTF. 910 mm TEBILTz. DBTALZIRIMIVIE, ESEERE 500 mm DX/ TRIELT =,

[#£2R] 3% DCM DFEET UF FEARIMLERIEL -, COIRILX—EEEHTIL.
BIELFZARTELIZRIRARIRLERLSH LTS ( DCM KYEWIR)LF—5EIE
TIX.TAMHADEFREMNMETL., LIF FIHERRIMLIE, BIFELE#LLES ), BIEEART K
WIZBEN=RZRBEIRILFE— (15103 cm™ ) [ZHDIRE/NVRERE ( LLTF., 0+0 cm™
NUREERT ) EL. 2D 00 em™ /NURE, KLY 26, 770, 850, 948 cm™ HULMEE/N
R ( LLF. 426, +770, +850, +948 cm™' /AUKEEET ) DAEDHE TS5 DDIRE/N\UKE
EEL T, SVL ST AHRARTMIVERIFE L zo ARTMILIZEN =R B EE DRI
DNWTERL,. BN\UFDOLESM ( DFY., B2E KREBOIREIESM ) ICEATHIHRER
T=o TDHER. (@) 26 cm™ /NURD EEELLE 040 cm™ NURDZENERILEFEEEL DT
E.(b)+770 & +850 cm™ NURD LEMFRCEEEED. 2 vi L (v DIEE ) (2
IBBEND " ATREM" AN HDE. (c) +948 cm™ NURIE 1 v #4651 (v OET ) [2IRE
SNBHILLHEFERELT: [2, IBIT. 040 & +770 cm™ NUFRIEETHELN = SVL 74
HARIVDIREEEZ LKL T, X 2A2 SRED 1492 cm™ FEMLIZIT v DFESHN
|MNCEERLT: [3]. SEIE., 4948 cm NURDARIMLDIREIEEDIEHRLMZ . X
2AY HKEED v ( 2%FF a1 IREIVE—F ) & w ( ELXFF ¢ REIE—F ) TOJLy
AV EDBITHERIZOVWTHRET S,

+940 cm™' DARYMILDIREIEE(IZIE vi & v E—FICEELEEARBSINT-,
v E—FOHEIE. (1) FIX 1,053 cm™ DOREREEELD v TARIT Ly avHiERS, (2)
D v FATLyar® ni=3 OEG (v DIEF.3w) (X 3,160cm™ [T,
v E—FOFWVREMMEZRLTNS, CHITHLT B) n1 = 2 OEFELL (v D 2 EF.
2v1 ) [& 2,119 & 2158 em=1 NUFIZHRELTNS, LLVS 3 DTHS ( ZOFE (1)
MNEXLZARGEILOBIEICELRFLT- +948 cm™ #LiZHiE B 2E EFKRED v
DEZITT/BELEBRLD1D2THS [2] )2 vi D 2 DOHHELF-ELIZ, EBDE 2%
1,053 =2,106 cm™ KUBLIDT, b 2 DDERITHL, 2,106 cm™ D 2 v RENESL




E.CDLETISEETS 2 D0 a’ REVERED Fermi HHEERAZZEEL-ETILER
FL.AEREREBTL -, TR 1,950 & 2111 cm™ D 2 DDHER ( FNFN o
E B EMETES ) ZREL.2w & B #EA (LM 5 cm™ ) EOMEERZE 10
cm ' b 2 #EfLLE o #EAL ( EALIR ~100cem™ ) EDHEBERZEBLLE 80cem™! &
LE=ETIT.BAKERE 16 cm” OFEETEETSE: (@1 ), BAIXRIMLIC
(& 1,925 cm™ [TEEBRMIFRLVAV RBEBISN THY, £5E 1,950 N\URZEINELI-ET
W DFEY BEEREZIT-ERIA., 1,925, 2,119, 2,158 cm™ D 3 DDERELI-ET
WEEZDHE1,985,2,106,2,111 cm™ DERL ( TNEN. 0.2 vi.p ELL ) DHEEE
A% 10(a & 2vi #EAIRE ). 74(2 v & B IR ).69em™ (o & B #EHIM ) &L
T.ERER%E 008 cm™ DHEETHETE ( BITI )oa AL 5 va | vo—kwy |
vitvaovit2vy D a’ ELNDORTREMSE. B AL 6vs (2va+2vs (va+2va vt
3 va D ar’ ELDOTREMENH D, FNDIHTIX 1,927 & 2155 cm™ (2 e #fi ( E
E/NUR ) DEBENhTEBY. ZhEn.vs+vs & vi+3 vy EREBESIN TS,

SBIT.2O v ATy avOBARE X 1 RFTAFTIREIFETIL (o = 948,
®” = 1,053 cm™ ) T® Franck-Condon factor G?Ej'ﬁliéi")\ XIFBIRTE =, Il
+948 cm™' #{i%F B E RED v ORFLELEEDRE [21 #XELTLVS,

+948 cm™' MARIMILDIRFEEDHZRADEFHIE @) v FERFTEREIE—FDTOY
LyLarh b @ &iBlEnsd. ELVORTHS, X MIRIEMZRIEL T, ELX TR
BE—FDTOS Ly avhNBNEENSDF MY FULEARRETHL, BEFARY
FILICEERFRREB/NVREHAERBISNIREIE. —RIC. HIOFELEXAMEFIRELDIFE
EXMIRBE—FICKHIREREMERICES. CEBFESNTEY, 4. COBH THRRZE
HATz, SEIOKRTIE, va IRE/NVFOHIRIZIE B2E — X 2A, BBOEFEBTE
—AVRDEX ar’ &E v E—FEREESDELLDS, D=0, EFLFHEIZL
DR (molpro ZAWV = viz EEBMTO mr—ci & ) 217of-. LML, TOHE.
BFBRE—AVID vi E—FEKEHIIHEBTELN. ZTOKREERIE v OTOTLY
DIVDHEBEEBMBTELIERELGL T v OEBNURENMNTEL v HT0
TLoiaviLTENSRAERRETHo - ( REEMOMMEDE RALE ).
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HEERNTIRETH D, X A 2E” — X 2A9  B2E — X 2Ay DEFARYMLIC
T v DEAELIEZLDIRENVENBRSNTEY [3.4], vi E—FIZKPIREHREE
AOFEREIIEEVNGWNWEEZEZDONS, 52 X 2A0 REED vy RTUvILIE IEDIE
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LD v KEENKEC ), B2E KED v 2XFIRBIBRICE>TE v EXRTR
F)E—KF® Franck—Condon factor AMEMT 51-OEDBRMARLHZYEEEZ TN,
1 M.E. Jacox, "Vibrational and Electronic Energy Levels of Polyatomic Transient Molecules" in NIST Chemistry WebBook,

NIST Standard Reference Database Number 69, Eds. P.J. Linstrom and W.G. Mallard, National Institute of Standards and
Technology, Gaithersburg MD, 20899, http://webbook.nist.gov, (retrieved April 11, 2012).

2 fBE. BE. BREESR F 92 AHFEZFFER 2A1-35(2012).
) BE.RAE.FE 12 ARFRIHMES L35 (2012).

4 7.J. Codd et. al., 67t International Symposium on Molecular Spectroscopy, papers TI01, TI02, and TI03 (2012).
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FTIR spectroscopy of the NOs v2 band
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Fujimori, Tang Jeng, Takashi Ishiwata, Kentraou Kawaguchi
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Ultrahigh-resolution Laser Spectroscopy of NO; Radical
by Using Molecular Beam and Magnetic Effect
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