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An ab initio study to develop the four low-lying electronic potential energy curves
between atomic cesium and rare gases
(Graduate school of engineering, Hiroshima University)

Takanori Kobayashi, Leo Matsuoka, Kenta Yuki, and Shinichi Namba
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Theoretical study on the size dependence of ground state proton transfer in 1-naphthol
ammonia clusters
(Tokyo Institute of Technology) OToshihiko Shimizu, Mitsuhiko Miyazaki, Masaaki Fujii
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Electronic structure of Algs anion studied by photoelectron

spectroscopy and density functional theory calculation
(Sch. of Sci., The Univ. of Tokyo'; Grad. Sch. of Arts and Sci., The Univ. of Tokyo?;
ESICB, Kyoto Univ.?) oToshiaki Yanase', Satoru Muramatsu’, Ryuzo Nakanishi?,
Kiichirou Koyasu'?, Takashi Nagata? Tatsuya Tsukuda'?
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KB THSER U .NA:YAG L - —DERSFIK (355, 532 nm)Z @B & UL TR,
HEFAXR—IVITEBTHEFARIMNLERAE Uz REFRARIKNILOE—OHS
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IWFE—TH3, =5IC. EFBHDFIERTHE
VODFICKDBEMNIRILF—DEDLSK
WEIRETDE. A TR TDE—DFD
VDE E BEBEEFHRMVANEAEDETAELTED, IRHE. BFABCHESESENN
INEWDF(TH U TIE A FNZREE 7R D, meridional B2D Algs D VEA DFHEEDY 0.90
eV THRIENDS, AlgsD A(F0.28eV ERBIBEBHDIZENTE T, EFWEMBIE ULTH
SNZ2AFXFHIPY—-ILZYED A{E (0.30-0.73eV[6]) EHBELTH. Algs®D A [FINE
WEEZXD, —A. VAEFBBIICASIT 20 FHEDERD, DEDEA A VD SOMO
EPHEDFD LUMO DEBRDZRLTWVWS, BRFTEICK> T, EE550HESD 2 DD
fF qr & QIEREA>TRHHLTWVWDRZEDN DI 2Tz 2D EHS, FEREPTHEE
92 Alg; DD FHEHNBENCERLRD, KERVEEEZDDDEEZIS5ND, FC, &
& (B-Algs) [7]TIE. BEET D Alg; DEALF qi@AE. HDVWEERAEF q.BETDERD
DMREWZELDS, PEILT 7 RBICHERNTEFREBWELIAQALTZHDEFRIND,
AKARICE 2T, Alg; FEFOEZICHSIBEZLINNS WD A D/haeL, BFEZIC
B30 FREN 2 DORMFICE > THHIT DO VIHAKEW ENPSHITHE 7,
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5N,

Intensity (a. u.)
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[2Z¢#k] [1] Tang, C. W.; VanSlyke, S. A. Appl. Phys. Lett. 1987, 51, 913. [2]
Muhammad, F. F.; Abdul Hapip, A. I.; Sulaiman, K. J. Organomet. Chem. 2010, 695, 2526.
[3] lida, M.; Ohshima, Y.; Endo, Y. Astrophys. J. 1991, 371, L45. [4] Curioni, A.; Boero, M.;
Andreoni, W. Chem. Phys. Lett. 1998, 294, 263. [5] Dong, S.; Wang, W.; Yin, S.; Li, C.; Lu,
J. Synth. Met. 2009, 159, 385. [6] Risko, C.; Zojer, E.; Brocorens, P.; Marder, S. R.; Brédas,
J. L. Chem. Phys. 2005, 313, 151. [7] Brinkmann, M.; Gadret, G.; Muccini, M.; Taliani, C.;
Masciocchi, N.; Sironi, A. J. Am. Chem. Soc. 2000, 122, 5147.



1P005

Infrared spectroscopy of protonated and ionic hydrogen sulfide clusters H(H,S),
and (H,S), (n<6)

(Tohoku Univ.) Dandan Wang, Asuka Fujii

Sulfur centered hydrogen bond (SCHB) has recently attracted much interest since SCHB is
ubiquitous and significant in biological systems. Sulfur plays a crucial role in protein folding

process and serves as an active Eigen core
> o

HAH2S)s 4

D
]

bonding site of protein'l. While sulfur

belongs to the same group as oxygen,

its heavier atomic weight suggests that
H*(H2S)4

dispersion should be more important
in SC[I;|]B than in typical .hydrogen HHHaS)s
bonds™. Therefore, exploration of the
particularity and generality of SCHB in
comparison with conventional H*(H2S)s
hydrogen bond is of great interest.
Several spectroscopic studies on SCHB
model clusters have recently been
reported[2’3]. However, the property of
SCHB, especially its preferred network
structures and influence of the excess
charge (proton), is still elusive. In the
present study, as benchmark systems !
for networks formed by SCHB, we H*(H2S)g E

study structures of protonated and

ionic  hydrogen sulfide clusters,

I ——
+ + ) 2400 2450 2500 2550 2600
H'(H,S), and (H,S),", by infrared (IR) Figure 1. Overview of the vibrational predissaciation spectra of H*(HS),(n=3 to 9) in SH

spectroscopy combined with ab initio

stretching region of neutral H2S and the calculated lowest-energy structures from size 3
to7.

calculations.

Figure 1 shows the observed IR spectra of size-selected H'(H,S), (n=3-9) in the SH stretch
region. The spectra were measured by IR dissociation spectroscopy, and the H,S loss channel
was monitored. All the bands higher than 2580 cm™ are assigned to free SH stretches of neutral
H,S moieties in the clusters®®. The strong band at 2560 cm™ in the spectrum of n=3 disappears
in the larger sizes. Therefore, this band is attributed to the free SH stretch of the Eigen type ion
core (H3S"). This also indicates that the first H-bond solvation shell of the ion core is completed
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in H(H,S)a4, as shown in Figure 1 (H-bonded SH bands of the ion core are expected below 2000
cm). The free SH band at 2594 cm™ is then attributed to those of the first H-bond shell (v1,
sym. stretch).

In n=5, a new free SH band strongly appears at 2604 cm™, but H-bonded SH bands, which are
expected at around 2550 cm™ or lower for 2-coordinated H,S site, are absent. This means the
second H-bond solvation shell of the ion core is not formed in n=5. Optimized structure search
at the MP2/aug-cc-pVDZ level suggests that in n>4, further H,S prefers to directly solvate the
ion-core by the charge-dipole interaction rather than the second H-bond solvation shell
formation. This calculation result explains well the observed spectra, and the band at 2605 cm™
is attributed to the v, sym. stretch of H,S in the “charge-dipole shell”. Both in the H-bond and
charge-dipole shells, only the v; band strongly appears and the vs band is much weaker or
almost disappears. The same trend has been observed for H,0 directly solvating a protonated
or positively charged site.

In the size range of n=5-8, the basic spectral motifs are kept, but a remarkable intensity ratio
change happens between the two free SH bands with increase of the size. The intensity of the
band at 2594 cm™ is gradually overtaken by the band at 2604 cm™. This spectral change shows
the filling process of the charge-dipole shell. At n=9, a somewhat broadened band appears at
2564 cm™, and this band is assigned to an H-bonded SH band. This is the beginning of the
second H-bond shell formation. Therefore, there would be 4 sites for the charge-dipole
solvation of the ion core (3 are in the plane of the first H-bond shell, and 1 is under the umbrella
of the ion core), and totally 7 H,S molecules directly solvate the Eigen type ion core. To form
such a dense solvation structure around the ion core, not only the charge dipole interaction but
also dispersion should play an important role. This is proved by the fact that the B3LYP
calculation, which is known to lack the contribution of dispersion, largely underestimates the
stability of the charge-dipole solvation structures. In the previous theoretical study of H*(H,S),
at the HF level™
could not find this type of solvation structures.

, which has been the unique study on the structures of H*(H,S), so far, also

We also note that no evidence for the Zundel type ion core (H,S-H'-H,S) formation is
obtained in the observed size range (n=3-9), though the Zundel ion core is most stable in
H+(H20)6[5]. Moreover, the observed network structures of H'(H,S), is totally different from
those of H'(H,0), in n>4.

Spectra and structures of (H,S)." radical cluster ions will also be discussed in the presentation.
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Infrared spectroscopic observation of structure change of the methyl group in methyl iodide
along with C-I bond extension
(Graduate School of Science, Tohoku Univ.) OTakashi Chiba, Asuka Fujii
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Determination of Solvation Structure of 3-Aminopyridine-(Water-
Methanol) Mixed Clusters by Vibrational Spectroscopy
(Fukuoka Univ.) OMao Ogawa, Yoichi Ishida, Yuji Yamada, Yoshinori Nibu
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Multi-step intersystem crossing and subsequent
photoisomerizations of protonated phenylalanine serine dimers
(*Hokkaido Univ., 2JST-CREST)

OKaoru Yamazaki®?, Yu Harabuchi'?, Satoshi Maeda®?, Tetsuya Taketsugu'-2
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Ultrafast Nuclear Dynamics in Methylamine in Few-cycle Laser Field
(University of Tokyo, School of Science)
oMeng Zhang, Toshiaki Ando, Atsushi Iwasaki, Kaoru Yamanouchi

Introduction
It has been revealed from our recent studies that ultrafast hydrogen migration proceeds in
hydrocarbon molecules when they are irradiated with ultrashort intense laser pulses [1, 2]. In
the present study, hydrogen migration processes of methylamine induced by few-cycle intense
near-infrared pulses were investigated by the coincidence momentum imaging (CMI) method.
By the analysis of the released kinetic energy distributions of the Coulomb explosion pathways:
CH3NH,** — CH3z"+NHz*  (non-hydrogen migration pathway), (1)
CH3NH2?* — CH2*+NHs"  (hydrogen migration pathway), (2)
we found that there are two peaks in the angle-resolved released kinetic energy distribution in
the hydrogen migration pathway, indicating that two different electronic states are involved
both in the hydrogen migration and in the non-migration pathways.

Experimental

The output of a chirped-pulse-amplification femtosecond Ti:sapphire laser system (0.5 mJ, 30
fs, 5 kHz, 800 nm) was focused into a hollow-core fiber (1.5 m in length, 300 um in inner
diameter) filled with an Ar gas (0.5 atm) and the spectrum was broadened through the self-
phase-modulation. The spectral phase dispersion was compensated by chirped mirrors and
wedged fused silica plates. The pulse duration was measured by a two-dimensional spectral
interferometer to be 4.3 fs. The few-cycle laser pulses were introduced to an ultrahigh vacuum
chamber for ion momentum imaging and focused by a concave mirror (f = 150 mm) on a
molecular beam of methylamine. The laser field intensity at the focal spot was estimated to be
1.3 x 10 W/cm? from the pulse energy, pulse duration and focal spot size. The parent and
fragment ions were guided by a static electric field in the velocity map configuration toward a
position sensitive detector with delay-line anodes (HEX120, RoentDek). The count rate of the
fragment ions was 2 x 10° cps. The momentum vectors of the fragment ions were determined
from the flight time and the positions of the fragment ions. By applying coincidence momentum
conditions, the Coulomb explosion pathways (1) and (2) were extracted.

Result and Discussion
Figure 1(a) and (b) shows the distribution of the released kinetic energy Exin in the Coulomb
explosion pathway: non-migration (CHsNH2** — CHs™+NH:") and migration (CHsNH2*" —
CH2*+NHz3") pathways. In the hydrogen migration pathway, we found two peaks at 4.1 eV and
5.6 eV. In the non-migration pathway, we found only one peak at 5.5 eV with a shoulder
structure. The two peaks appearing in the hydrogen migration means that the precursor species
for the hydrogen migration pathways are prepared in the two different electronic states from
which the Coulomb explosion process (2) proceeds.

Figures 1(c) and (d) show the angle-resolved kinetic energy distributions I(Exin, €) =
Y(Ekin, 6)/sing, where the @ is the angle of the momentum of the fragment ions with
respect to the laser polarization direction and Y is the ion yields. In the non-migration
pathway, the distribution exhibits maxima at around n/4 and 3n/4 radiands at 6.9 eV
while the distribution of the fragment ions are stretched along the laser polarization
direction at 5.8 eV. These angular distributions can be ascribed to the angle dependent
ionization probability of CH3NHz, and the different angular distributions at 5.8 eV and 6.9
eV indicate that CH3sNH22+ is prepared by the ejection of the electrons from different
molecular orbitals. In the migration pathway, the angular distribution of the lower Ekin



component at 3.7-5.0 eV exhibits a flat angular dependence, and that of the higher Ekin
component at 5.0-7.5 eV exhibits peaks at around 0.5 radians and 2.6 radiands. From the
angle resolved kinetic energy distributions, it is shown that these pathways are originated
from the two different precursor states.
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Figurel. The distributions of the released kinetic energy Exin in (2) the non-migration pathway
(CH3NH2?* — CHs"+NH.") and (b) the migration pathway (CHsNH2** — CH,"+NHs"). The
angle-resolved kinetic energy distributions for (c) the non-migration pathway and (d) the
migration pathway.
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Table 1. Relative yields of the decomposition pathways of CH3CD3?*
Final products % Final products %
CCDs" + Hs* 1.7 CHs*" + CDs* 0.8
CHCD,* + H.D* 6.1 CH.D* + CHD2* 1.7
CH.CD* + HD,* 6.3
CHsC* + D3t 1.8 CHCD3#?* + H» 6.6
CHCDs* + Ho* 7.9 CH.CD2** + HD 11.4
CH.CD;* + HD* 18.7 CHiCD? + D, 9.4
CH3CD* + Dy* 11.2
CH.CD3" + H* 1.2
CHsCD?" + D* 6.6 No dissociation until 2 ps 8.7
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Reaction pathway analysis of hydrogen migration in methanimine
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1. Introduction

When hydrocarbon molecules are exposed to an intense laser field, a variety of
characteristic phenomena are induced such as multiple ionization, chemical bond
rearrangement, and ejection of H," [1,2,3]. It has been revealed from ab initio
molecular dynamics calculations that a neutral H, moiety appearing for a relatively
long period of time (~1 ps) within a dication molecule plays a central role in the
ejection of H;" [4]. In the present study, in order to understand the mechanism of the
H;* ejection from hydrocarbon molecular species, we performed theoretical
calculations of hydrogen migration in methanimine CH,NH having only three
hydrogen atoms, which can be considered as one of the simplest molecular species
from which H;" is to be ejected, using the method of global reaction route mapping
(GRRM) [5,6,7].

2. Method

Reaction pathways in the manifolds of neutral CH,NH, CH,NH* and CH,NH** were
explored by searching intrinsic reaction coordinates by the scaled hypersphere
search method using GRRM (ver. 1.20) and Gaussian 09 at the B3LYP/6-31G level.
The initial structures of CH,NH, CH,NH* and CH,NH?>* were optimized by Gaussian
09.

3. Results and Discussion

The numbers of equilibrium structures (EQs), transition structures (TSs) and
dissociation channels (DCs) identified in CH,NH" are 10, 24, and 13, respectively.
We found TS6 of CH,NH" in which a H;* moiety is formed is connected from EQ5
composed of a neutral H, moiety and CNH". As shown in Fig. 1, in order that H," is
to be produced, the isomerization reaction in CH,NH" proceeds in multiple steps.
First, one hydrogen atom in CH, group moves to the N atom side to form CHNH,"
(EQ2), and then, through the pathway of EQ2-TS3-EQ4, CNH," and H are formed,
or through the pathway of EQ2-TS2-EQ3, CNH;" can be formed. It is found that
the migration of a hydrogen atom from CH group to NH, group exhibits a relatively
high energy barrier larger than 4 eV for both of the two reaction routes, as



represented by the two red dotted lines in Fig. 1. It is true that an H," moiety can be
formed in the transition state, TS6, which may be represented as [CN---H,]*, and
that the motion of neutral H, plays a key role in the formation of TS6, but the height
of the energy barrier, 5.41 eV, measured from the equilibrium structure, EQI, to
produce TS6 is significantly large, which implies that the ejection of H;" may not

be an abundant dissociation channel.
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Figure 1. Reaction pathway from EQ1 to TS6 of CH,NH" from which H;" can be
ejected: C, N, and H atoms are represented by gray, blue, and cyan spheres,
respectively. The zero-point vibrational energies are not taken into account.
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Laser pulse shaping has provided a unique approach to control reaction dynamics in the strong
field regime. Compared with complex shaping schemes using a spatial light modulator [1], w-2w
two-color mixing offers a simple method to control chemical reactions through spatial asymmetry of
laser electric fields, as demonstrated in orientation-selective ionization of asymmetric molecules [2]
and directional ejection of D" from D," [3]. Here we apply the two-color asymmetric laser pulses to
selective breaking of one of the two equivalent C—O bonds of CO,*" in the Coulomb explosion process,
CO,”"— CO" + O, and discuss the dependence of the two-color relative phase and the laser field

intensity.

The output of a femtosecond Ti:sapphire laser system (800 nm, 45 fs) was introduced into a
phase-locked two-color intense laser pulse generator. The two-color laser electic field can be
expressed as E,+2, = Eycos(wt) + Er,cos(2wt + ¢), where E,, and E,, are the amplitudes of 800 nm
and 400 nm laser electric fields, respectively, and ¢ is the relative phase which alters the laser pulse
shape. The w—2w generator is an inline optical setup consisting a B-BBO crystal to generate the
second harmonic light (400 nm, 110 fs), a-BBO crystals to compensate the relative phase between the
two lights, and a pair of silica wedge plates to alter ¢, which was locked by a feedback loop utilizing
2w—2m spectral interference [4]. The two-color laser pulse was focused onto the CO; introduced as a
molecular beam, with a concave mirror (f= 75 mm) in a coincidence momentum imaging chamber.
Fragment ions produced from CO; in the interaction region were accelerated to a position sensitive
detector by four electrodes in the velocity mapping configuration. The three-dimensional momentum
P(Px, Py, Dz) was obtained for each ion from the flight time (t) and position (x, y). For the

coincidence detection, momentum matching condition [p o+ + P,+| <20 a.u. was used.

The momentum distribution of O" fragment ions, detected in coincidence with CO", in a one-color
laser field (800 nm, 5.1 x 10" W/cm?) is shown in Fig. 1(a). The corresponding images for two-color
laser fields (800 + 400 nm, 5.2 x 10" W/cm?) are shown in Figs. 1(b), and (c), where the differences
from the momentum images averaged over ¢ (0 < ¢ < 2m) are plotted. It is clearly seen that positive
signals are observed on the larger electric field amplitude side, as depicted below in the figure,
indicating that C—O bonds are selectively broken on the larger electric field amplitude side. For
quantitative discussions, the asymmetric distribution of the O" fragments was evaluated by the
asymmetric parameter, A(¢) = (Y+(¢) — Y(4))/(Y+(9) + Y($)), where Y. (§) and Y_(¢§) are the yields of
O’ fragment ions, observed with positive and negative momenta as indicated in Fig. 1(a). The
asymmetric parameter of O" fragment ions as a function of the relative phase ¢ is shown in Fig. 1(d).



The obtained results show a clear dependence on ¢, indicating that bond scission can be controlled by
the relative phase between the w and 2w laser fields [4]. This is in good agreement with a theoretical
prediction based on the time-dependent adiabatic state approach [5], showing that the deformation of
the CO,”" potential by the asymmetric laser field is responsible for the selective bond scission.
However, at lower laser intensities, an increase in amplitude of the asymmetric parameter and a

positive phase shift were identified, suggesting contributions from a different control mechanism.
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Figure 1: (a) Momentum image of the O" fragments produced in a one-color laser field (800 nm,
5.1 x 10" W/em?). (b), (c) The difference momentum images, for ¢ = 0 and =, respectively, in
two-color laser fields (800 + 400 nm, 5.2 x 10" W/cm?). The laser polarization direction is noted
with the double-headed arrow for all momentum images. The corresponding laser electric fields
are shown below. (d) Asymmetric parameter plotted as a function of the relative phase. The solid
line is a numerical fit by a sine function.
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(]
MBS FOAEMBERE., KJILZICETLOFOEEMAKRENHIZ, ZOFEMEE,
OE-OOMENELGENTE-, CNETICHAL TLLBEREBREEILTO S5 D2THS,

HNOs+ hv — OH(X)+NO2(X2A1) AH°=200 kJ mol (1)
- OH(X)+NO02(12B2) AH°=315 kJ mol! 2)
- 0('D)+HONO(X!A’) AH°=490 kJ mol! (3)
- O(P)+HONO(a3A”) AH°=550 kJ mol! (4)
- O(3P)+HONO(X!A’) AH°=300 kJ mol! (5)
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Se AR LEBRICOVTOREIFIINETICHEIN TG, £ TEEIK S S, SsIZHiE
LI-THEEDE S %, 2EHEZEZEE L-EMRASFHAEHELZAVTE>TWW  Z &ITLT

(Bt & A *]
4 DDO—EBIFIKEE(So. Si. S, SHEZBREICAN, K-FHAKICE I HHRGER Y TEFAL:
Fhi2iKEE ab initio P FENANFEEE T o1z, FTEERKREICHE T B ERELL. AR FENTZ
T, Bon-EtoRERBKBBHERBET D& 5 LNHEE - WEEHEEREL.
Frank-Condon [REIZHt > TR EFMEBRENKEBICEEMES Lz, ZTLT. TOBETOE
FREFEICEY, RTUIPILIRILF—LZTOHAEERD, BEANILLEIZE>TRFEE
HHMICEHMEE S S, EFIRESHEIL CASSCFEEZAWV A M LRTY FIX0.10fs & L1=,
ZONBEFREMNEELLBICE. RPHAXZAVTEBRERZHEL-OL, B BEZANT
EBOEEEHE LT,

(BRLEEBE]
TORILICHEREF LD, RITRLEZEFWRELLUET 51-HITETNTNRITOVTEFRED
EEZTRT, SIAMEBIELLEEEL 31 HTHOED S S, 30 BB T N-O HEHEIN T OH+NO:
EERBL. 5 1 D0OHNESSIZMHEELTOH+O+NO Z4EH L=, FDRE SI~AMEDENE
FUNLE(EH(OH)=1.00. $(0)=0.03 L% o1z, Thld Jolly DEITHEL KL TS,
ZZTOOH)+oO)A 1 ZBATLSDIE., BFE(DT NO: A REREZE Z LT OH+0+NO
EERT -0 THD. —REBEIRODEORXDKSI124 5,

NO2(X2A1) — OGP)+NOX2II)  AH°=300 kJ mol'!  (6)
SEADMETIEE 53 HHMED S5, 14 8ET OH+NO ZER L. 36 BB T N=0 #F&H]
NTO+HONO £ L. %% 3 DA OH+O+NO 4@ L=, ZDRHE S ~NFEDEDEFIN
E(IH(OH)=0.32. $(0)=0.74 £z o1z, $(OH)IE Myer DEHETE L L < —HLTLBH., $(0)
FEITHREYDTNICKEVMEICGE 2Tz, T, HLVLEATHD S~DMEBTIEE 19 HH
HEDS 5., 7TEHET OH+NO2, 6 BT O+HONO. 6 #E T OH+0+NO Z4H L. 3 DDB
RBLELIEFERBMTER LIz, ZTOHER S ~HEDEDEFINE(EH(OH)=0.68. $p(0)=0.63& %% >
tzo Se~FIEETIEZ OH+O+NO DEREIENZLOLEFEHMTH S,

x 1 BELERYOEE (HRHNEBTERT)
OH+NO: O+HONO OH+O+NO &t

S1 30 0 1 31
So 7 6 6 19
Ss 14 36 3 53
(&% x#)
1. G.S.Jolly et al., J.Chem.Phys.84(1986)6662
2. T.L.Myers et al., J.Chem.Phys.107(1997)5361
3. M.Nonella, H.U.Suter, Robert Huber, Chem. Phys. Lett., 487(2010)28-31
4. J.Robert Huber, Chem. Phys. Lett., 5(2004)1663-1669
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K (Hz, HD, Do) DY TAK S 5 Lyman-a Y617 OA EFHEE

(2 B T3 KPR 52PE, PInstitute of Physics, University of Kassel, ¢ _F% K2#H T 225008 A f
FLT %%}, dDepartment of Physical Sciences, University of Oulu) O B KRS @, fH— @, Philipp
Schmidt? , &—H @, /NHY)SL 9, Andre Knie?, Kari Jankala?, Arno Ehresmann?, b & E 1 2, WNEZ @

Angular correlation of a pair of Lyman-a photons produced in the
photodissociation of H2 , HD and D2

(@aDepartment of Chemistry, Tokyo Institute of Technology, PInstitute of Physics, University of Kassel,
“Department of Materials and Life Science, Sophia Univerity, {Department of Physical Sciences, University
of Oulu) OYutaro Torizuka®, Kouichi Hosaka®, Philipp Schmidt?, Kazufumi Yachi®, Takeshi Odagiri?,
Andre Knie?, Kari Jankald?, Arno Ehresmann®, Masashi Kitajima®, and Noriyuki Kouchi®

[Fam] &b otuiRiE L IE, 2R OEEIEN Z AT 550 ROEBBEHEOR TEE R VKRB Z LT
b5, ZOWREIT, BERITREOEE ST END LN ) | A DEKEZ LI LTS, Zhpx
IR POBEFAEHE ORI TH D, Miyagi RIS O Jankdld & [211k, KEHS O CFFREIC X
V. bONTAKRBRTATNAERT D EEHRBIITT L, b ONRETT OARRIZIB W TH.ODIEE % Rz
FTON, BFREOIHETH D, Miyagi 51KV Jankala HRIOFHER Y | a)efiffEc L v b oHKkFER
FTRTBREENDOD, TNEBAEENRVON, DAEENLWIEEIZIE, OB ED L I IZHET 200, %
RIS 2 Z &k, HREOHEILFICB T 2 BERRETH 5,

AL CIIAKRFE 53 D NRBEE R () 28785 5,
H: + Yex — Ho"(Q2!I1.(1)) — H(2py)+ H(2p,,) — H(1s) + H(1s) + Yigat Viy« 1)

Z T Y lIAB A%, Yo ld Lyman-a e F2F T, F72 2p DIRZT 0, £1 1T NENDOKFEIET O EZE
WX DR E T ER T, Ha & Dl DT, AFEZEICL Y | M ZEFRIERED QUL()RETH S
ZEMPMroTHBI3l, HDICBW T, & LCHRU B FREIRERFS L TnE EE X b5, Miyagi b
[11 %O Jankala &[22I L hiE, QIIu()IREEDORFMEIL, 2p B+ <TIZBY., TOboNbEH T, Lyman- a
WFA_RTICHEE S, FOAEMBEEICENS, L7z > T Lyman-a J¢ 137 O F BB RIS & 1 dE a0,
FROM AR DICEZ D LN TE D,

He & Do D IIHITIZ =D DEARENFILES D, £D D LO—2FFFEOZHIT LA THY . %0 D
—DIEKHHRTHD, & ZAMN HD IZBWTiE, TNOOEEOEREGDOEIRENTF S, BIBMSL 2 — >0k
REOEROJF 1L, —EMTIEARV, Lz2-> T, HD Tik, He KU D & T, 2372 0 B 2 £4 FEFA BIBE S 148
ENhbd, £ TARIFETIE, Lo Ak b)OfiER % X LT, He, HD, KO Dz ®EIEICEIK T 5 Lyman-
a YT O EEARBERA S A T E LTz,

[325r] 392BRi% KEK Photon Factory BL20A } (X 28B T4T - 7=, EBRIEE O M4l <7, SeFoxrx
—33.66 eV DEMRIEE T A MR, ARNHNCER T 2HNIC O DONFHitids ¢ & d&E <, M e
EdOMEERTAEIL. AHEORHATZ FARBRY . ZhEhe K00, TET, FEHiTAEHBIBIE K
FH AETNRIF LW E 8 1T - 7= [4],

[FE3 & B 1IZHE &= A BRI & /R d, B0, = -0, K UELEO, = —0, + 180°12K 1T 5 4 EAH
BB Z R4, Miyagi & OFE T[] CGREAR) & Jankald © O FE THI[2] G — 5856 R4, 25 0 TR,
T REEICESNWTND, EBFHR L O—Bu3+o Tidwv(4l,

HEHTREZ L, BHUOFHIZK LT, He, D2, O HD 125 C Lyman-a Yo X7 O FEFRBI B SR 28, 32
BRRZELN T L TWD, 20O &1X, Lyman-a X7 &3 2 REE23, 1 RETIT <, ZHRETHD



TEERRLTWDS, DEHTHIUE, T AL HEZTRR D | HEL THRVOT, —2ORE LIFELRL,
LA IL AT, ZEICHEL TS, ZhAbDREBIZEWTL, Fm Tl 72k 9i2, Hz & D2 Tl
JRAEE DZZHUN K UKIFRIDIRTE & BORIFRZDRIED Z DD BN FF & D, Ll HD Tk, b DIEEOERE
DOEARIEN T S AL ML 72 O OMRIEDOBOF X — B TIXR W, L7 o THA EHRERIE A He, D2, X O HD
WCBWTH—TH D Z &I, AT HHREER, MEOZRWEHIIRT 5 2 L 2RET 5,
20 BF T NHAE L5 —HIERRED 9 b Thuilding-up FHEIZ & 5[5]). He, Do, X OVHD R4, Ulu ik

RED O FEWTEGER N TTRE/ZR D1, T RRE L UL REDO A TH 5, HD IZOWTIE, IS A T, g-u symmetry
breakdown[6]iZ L ¥ | gerade «U(ﬁb/\@}lfm,?&l%@%ﬁfﬁb&@éﬁ\ TAUIRERY B, #Eand D, ZRIEERE B MK
RRICHET D EpREORBLZRD D & |

157) 551/, (12p£(1) @ 129%4(2)) + 120£(2)) @ 12p% (1)) — [2p% (1) ® [2p2(2)) — [2p%1(2)) ® [2p2 (1)) @
255, 22 Ta bt bIFFEICOT TN THY, 1 & 2B FICOTETINTHD, K@D 15 iRiEIX
JRF DR L A AHH LR Th D, QOB REZ. BT 12AELLOKICHESh, B2 5
LOBICHIEINDDPREE > TR, IHIZ, BT 1 OMRETHENREE>TELT, FLET 2 OMKE
FELEE>THRY, LEA->T, RQOBFREZETLONVRETH S, RO 13 R L7 IREED S ik
HENDHTFT oA EABREME Miyagi HIIOFEICIVFAELLEEZ A, K 1 BEERBNE O, ERE
FLO—HT <, 2 TRQODED 2 HDO L5 78 5 IR EE,

) 51y 75 120£(D) ® 1202,(2)) + 120(2)) ® [2p2, (D)) ®)
RO 2 DB 6 72 5 IR EE,
) 5y 75 (120%(D) ® 12p7 () + 1202,(2)) ® 1202 (D)) @

IZHOWNWT, ZRODDLMEEND KT 7 OAEMBEBMEHE L, EH00RTXT 20 bR UA R
G ohnlz, TNERLIZONPK LI OB 7 ERTHY, ERERL LT 83005, K@ E@WD
IRABVE, 22 R s Rt & A dh 2 5 T 1o %9 2 S5k
B > TV B B R TR0 L BT O ok 0T L ]
LT, AHOEETHD, 6L WORIEL, &b
Hh, HbOIIRETH D, QI (DIRFE~FFIL L 77K
#0173, Franck-Condon fEIZ B CE H <, X
QD T REE~FERTEER U, & SICEERIEREA K &
72 TR L O D TARREAT S OER %l =
LT3 LD Thd, o TOETIRERE LT 5%
SRR & SRmeet B A3 | R B SRR K oD AR R I 2
. bR DN, BT HEORA L §N 2 DA Bk
ZREE L TV D RS BLBRIE N,

[5I/M>cHk] [11H. Miyagi et al., J. Phys. B 40, 617
(2007). [2]K. Jankala et al, J. Phys. B 43, 065104

(2010). [3]a)T. Odagiri et al, J. Phys. B 37, 3909

1 ARAETRE SN AKFEONGhRICHKT S
2004), b)K. Hosak 1, Phys. Rev. A 42
(2004), b) osaka et al., Phys. Rev. A 93, 063423 Lyman-a 547 o 4 B R, (@), Ds (O). K
(2016) [4]Y. Nakanishi et al, J. Phys. Rev. A 90,  (xHD ()] & Z 0B TR, AEe, = -0,k O

043405 (2014). [5] G. Herzberg, Molecular Spectra  E®a=—0,+ 1807128 1) iRz R T, KRFRITE
7 ERE XL BT D, SISOV TIIATE B,

-2

Probability density /sr

O, /deg

and Molecular Structure, Vol.1. Spectra of Diatomic
Molecules (1950)pp.315-322.[6]A. de Lange et al., Int.
Rev: Phys. Chem. 21, 257(2002)
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ScO FV e Q2. CsHe, CoHy & DRISEBEER DY TE
(B&RE) Odbsz, ks R, S90HE

Kinetics of the reaction of ScO radicals with Oz, CsHe, C2H4
(Japan Women’s Univ.) ONami Yamakita, Mariho Kitajima, Takashi Imajo

U7l

ERSRIEITERNE L ORISR SICBWTEETHY . d EFITERGREZ ST
IEEDDOFINEICTHFE L TVD EEZEZ LN TN D, K[MIZBWT, EEREBIC KT 5B S
BT 2 53 F FOSIRE ER DI Sh, FBEREBIZIV T 3d24s? OFE IRIEL FFOER
BT DL AXRMKFILEMITH L TRNEETH D Z LB BN o721, Se, Ti, V,
Nil%, RFE-IRFE 2 Hf B 2 FFORILKFE L ST 205, Cry Mn, Fe, Co, CuliZE AL
FOGS L7 1, Sey Tiy VIiZ, £41Z4 NO, Oz, N2O & ORISEEEHDHME SN THY
Sc (D) (FE{FLE : 3d'4s?) & Oz TiX, £/ 0.8 Torr & 0.4 Torr TZHNZEH (5.9+0.3) X
1012cm3s ! & (4.920.5) X102 cm3s 1 TH 5 2,

HFxi, 3d EBERBRE I O JRF2MnT 52 &1 %?iﬂi_ﬂf/ﬁ‘i@ﬁ?fkaﬁ?ﬁﬂ

DEALR ROSEHEERIIKF L TED LD fﬁxﬁﬁ'&%ﬁrob ERLTIZOIC, —HO 3d BB

BRIt 7 ¥ H N D RIS E EIZ OV T ORFFEEIT-> CTE 72, TIO 7 VAL L 0 L DX
JRIZ DWW T, BAFFERICB W TARNIGE & IR TEIC L 0 JIE L 2008 A L2 3, %
72 2010 121X, 2 0.5 Torr & 2 Torr TP ScO 7 V1V & Oz, CsHe, CoHs & D )il
EEAZWME L4, 02 TiX0.5Torr £V 4 2 Torr CRISEEEMMNKE < 70 D BIEARLFEN
RoNT=O CRICEEIIS A TH D &5 %74, —J7, CsHe, C2H4 TlX 0.5 Torr & 2 Torr
CRIGHEEMNDEDL LR >0 T, 025] %yi%}iﬁf\foﬁ EDRHERE ZARE LT=s, HB—
JFE Sy FIETE DR 2 W SOREVTHITTIE, A DUSTET BIESOG & 720 | FERRE R
Z ) LB TE o7 4 BEDORIE TIE, +§7\GC@T5‘%%§$D75§5E?? LTWienolole iz
2 Torr CORSHEEH D/ NS BES BN EERH S, ZORICEEL, 5 Torr £ T
DRNE ZAT > 7,

B4

AR O LA T 7 L (Se20s) EAZ ARSI H 72235, NdYAG L — Y —DEEARRK %
VY RATHEHLTHIF L, L= —EKREEEL2LI28Y ScO TV M NEAERM LT, BT
L SO RO M SE 2 K DIZ Nd:YAG U—H— @ 2 53 Tt L= &% L —HF — &2 1EE
SHLFXYET 4V T HETNEE G, BEFID 603.6 nm T DWW AR~ L2
M L7z, fAFIZiE rhodamine B # Wz, Ny 77— AL Ar ThH D, BEREICNT F
2oV, R~ A7 —A—2—TCTHIE L, WEIZEEE 0.5 -5 Torr D TELE



T T RRNRIEL v T 4 U v 780 U IEHEMAE DR TS0 7 VAL & O,
CsHe, CoHa & DBUSHEE FER 2 RE LTz,

[RE 3R & B 5]

SO E TR OB IZHAVZ ScO 7 2 VDB L, AT-X227(0-0)Th 5 5, S E
BAWRES 2 5EITLET 3 LREEECH D, WL —7 HERERX—ZAT A TO M=% LF ¥
BT 4 v ADHE (AT) 2T UV NOWRINE L Uiz, WIREREZ b OWEE sy 13 H—FR 5 R
BCWATHOT, EMEEZED & EROBE L 25, FOME b RIS EE E %
WE LTz, OGO REEZEZ . EEIEDOFERIBIRE STz O2 & DSUSHEE ERZ R 112
F L, KERIED ScO 7V E 02 & ORIGHE
FBE R RIERAEE D D = &1 2010 4RICHE L. K 1ZS§E§7W& Oz & OGH
25, AENTHEIES 2 E 88k AE 5 Torr £ TRITHZ &

R L, B1. 2 1R 5 Tor CORRERT, | D prese | K 20

ScO 7 ¥t CsHe & O RIS EHIZ OV TIE, 0.5 35 + 04
2010 #FIZILAE 0.5 Torr T(1.20+0.18) X 10712 cm3s™! 10 62 + 1.9
L L8, A B ARKT £ 4740 (11 +0.3) X 1072 20 7t 06
cm3st & L7z, 4 Torr TIIEEMIZ 8.3X1012cm3s! & 30 95 + 0.8
WOEAFEN TV D, BERFERH Y T 51205, 5 40 137 + 1.9
% 5 Torr DFERBEADTT —F OREEZFmD TN T 50 168 + 18

EThHD, o, FUSHRHEIZOWTHHE 21T 9

0.008
0.007

0.006

2 5
<4 > 0.0054
E x
e 0 1
I e 00019 0.004
3 0.0038
e 00058 ) Total pressure : 5 Torr
0.0077 0.003 slope : 0.545 =+ 0.035
24 e 00097
T T T T T T T T T 0002 T T T T T T
0 200 400 600 800 1000 1200 1400 1600 0.000 0.002 0.004 0.006 0.008 0.010
Delay / us Partial pressure of O,/ Torr
1:ScO 7 ¥ h ORI R 2 RO E EH
[ZECR]

1. D.Ritter, J.J.Caroll, and J.C.Weisshaar, /. Phys.Chem., 96, 10636(1992).

D.Ritter and J.C.Weisshaar, J. Phys.Chem., 94, 4907(1990).

Y.Higuchi, Y.Fukuda, Y.Fujita, N.Yamakita, and T.Imajo, Chem. Phys.Lett., 452, 245 (2008).
b, AR, . S 5 4 [ R ERR S 1P003(2010).

R.Stringat, C.Athenour and J.L.Femenias, Can.J. Phys., 50, 395(1972).

ANl
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X,Y-NCS, X,Y-NCO (X=FCIl, Y=PS,PO) ®

SRR 72
(EERT) 2R FAMEE, APEZ

Microwave Soectra of X>Y-NCS and X,Y-NCO
(X=FCIl. Y=PS,PO)
(Sophia Univ.) Yuki Tajimi, Nobuhiko Kuze

(7]

VT WA A (OCN) & F A7 VA 4 (SCN)EZENEH NCO, NCS &9 Hhng
HELRD, EREIFMBEGFR O &6 5 LREHR E L TER T 2 RN T Th 5, AU
ETITZNETYA 7 aloRIicLv e 7o ((NCO), F4v 73 (NCS) 2#F1 5
DT OREBECHEEICE DL ETOSRKEEZMD Z L& HIICHEEIREZ2{T> C& -, K
fiff %2 <l F,PSNCO, F,PSNCS, CLPONCO
DOIFEDOLT U FAVTUEREET a) syn b) anti
D0 DR EME & B LR R RO

T DIAREREIZ ED & 5 I B a2 ¢ fﬁ » o(PSNC)

odTONERFTLZEEHE LT,
Fig.1 {Z1d F,PSNCO D& EMIEEEZ D
A5 syn B anti AR,

53+ FERIZ syn,anti DEMEARZ AL, ZEMHE LB X HILD,

Fig.1 F,PSNCO (a)syn (b)anti

[£5%]
<A 7R AY M)VORIEIE 100 kHz FEEHE S = X v 7 B~ A 7 vk egs AT
1To72,

3m @ X-band DEPE L & T, JEE R 26.0~40.0 GHz, #UEHE 10~17 Pa, ¥ =

X V7 I 50~500 V., D&M Tz W TiTo72,
[ab initio #15i]

Gaussian09 7’11 75 L Z& W TEE L ~UL MP2/6-311++G(d,p). MP2/aug-cc-pvtz T ab initio &f
BEITWENENDO ST OEBEER., MBTFE—A L b, BTFRART vy Vil z 157,
F.PSNCO DFH L~ MP2/6-311++G(d,p)i2 3317 2 3 Hifk B A Fig.2 (2, [Bl#s EE % OV -
FT—A L MIZFNENA B, C = 2638.33, 1364.52, 1112.18 MHz. pa o, He = -1.240, -0.533, 0.000
Debye &R B 7=, SRR R L Y Oanti Y L 0 syn T BMEAN L ERIE TH 5, @BHHF-E—
A M E0ELND ALY FARRIT atype RO DO TH D, D2 HEEEL, G505 TH
[EIHRER 27~V B U(Fig 3)MIE 217 72,



10
ES
92 l |
<(:) L 1 I| 1 1 I|l J
0 30 60 90 120 150 18( 26000 27000 28000 29000 30000 31000
a(PSNC) /degree Frequency /MHz
Fig.2 —Mif4 a(PSNC)IZHT 5 Fig.3 THIEHAER X~ Fv
A AA AN i
(R & B%]

v BV EER 100V THIE L2 A7 b vD—E% Fig.4,Fig.5 (239, 4 7 /L—7 D
b & BlGRFHHIC L D B+C DO (2476.70 MH2) & lbii 45 Z L2 Kk » TAZ b V#RIT
FPSNCO HZRD 6 D TH D L& bivle, Bt RO EELMKL TEZXD L7V —T7 11X
21211, I =T MEI=1312 DEB TH D, HONIBMEORERE—7ILTK OKRE
BREBRIZLDBDOTHLEEZ R b, BIERAEBEED Ky, Ky ORELZ BIEEIZ, XhEnya
NI EGTRE LR D, Ky O/NSREBBOREEZIT> TV D, ogFIZB L TR
ICHEHRFH R OBREZZ B L 2N b RELZBEL LTHIEEITo TV 5,

28200 28300 28400 28500 28600 28700
Frequency /MHz

Fig.d &L HEREBR AT MLO—E(T N —T71)

WW\WMMV/V\MMM i

30970 31070 31170 31270 31370 31470
Frequency /MHz

Fig5 13O N7 EHREB A7 ML O—F(Z L —7"11)
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FEFRFIREI A IETH O FHRIZ I 1T 2 50 F N RIRIE IR E) D 52

B

1%

(EERPE - BT) OAMHEE, AR, AT
Anharmonicity of the molecular vibration in the large amplitude motion
for calculating the mean vibrational amplitudes and shrinkage corrections
(Sophia Univ.) oNobuhiko Kuze, Anna Yorimitsu, Takuya Ishizuka

(] o 11%, ZOVHEEO £ ) THEBIZIT> TV D, FHIEZRIEREE) & OO —FDH
RIS/ IRIE & Th, BETICE > TEOMITRZR S, [AEFEHT(GED)TIE, 2
D DORZE 25 Sl (z 9l 5171 O - H) “RIRIERLSY 1= <AZ?> 112 &, BRI 2R3 5 8
PRI DR O SN DM E Kf Z WD 28Ik, ERT 20 OWEICEROH DR
B EE A IRET D Z N TE S,

WE, IRBIO RN I+ &M EOMIE, R HEFEE CORFEBMITIc X > TR oD
FFURBNR T > vy VDA~V T v (NOEKITH) HoROBID, HF, HRIr 7T AL
B OMERER B2 & 72> T, /INERY A XD TIE 3 RONOEROHAE LRSS Lo,
&Y, IEFRFIMEEBIE L IREMHIETH A EUY JA TS GED 7 — # fRET OBFZEHI S A H v b K
T, R, PSSR RET H 2 LN TE D,

FxlIximE MY 74 o fiEfig A F L (CFRCOOCHs) [1]1E b U X F VEERE A F L
((CH3)sCCOOCHs) [2JiZ oW\ T, 2k E 3D DEH = AW T-IEFRFIEZZE L - REEE A
1TV, GED OF — AT %47~ 7=, bV 7/ A a ik A Fo T, FRFEETEOL & T
[BIHR 3 JEED DS DN EEES L, GED MO LN AMEENLHAE SN AEIRERZEn
JESEEIREMEIE CORBRERICENZNER L, WiE Z ik L0382 T 8x Ren o
Too 2O CFs FO KIRIEHRE) 2 B [ U 7ot 217V, &A1 E 2 B8 LT
EEH EHEZ#EH L CEEREEITo72, MY AT UEER A FVIC L RO T 7 a—F %17
ST, PSRBT EIE 2 O 2 TR R OE 5 DNEBRE L o—FE R,

FATIR AT KO IZFFHF E A2 Z R L 72 IREVM IEH 28] LT GED OF — Z fiftr 217 -
TeHAEBNIEFEHE 2 TV DD, 0% AVMRIEIREIORENR %Y Th D X 5 e/ FITRS
NTW5, &2 CAMEIIKRIERIEERZ LS EEBEX N0 TE N OhktgRE LT, FER
T2 Z[E L IREHEEA G L, (EROPFFIREMH EH DO Z1T 9 2 & T, FHIRIE |
C AR EOFHRMEICET 2 R RAEG5 Z 2 HOE Lz,

[FHA] ML LT 11-v7uu 7)) 4% 4(1,1-DCPO, CIL,CHC(CH3)=NOH) & 1,3-7
nu a4 % A (1,3-DCPO, (CHCL).C =NOH) Z it ¥ EiF, Gaussian09 7’1 7' A% Hu»
T ab initio XWX DFT #HE 217> 72, MP2/6-311++G(d,p), MP2/cc-PVTZ, B3LYP/6-311++G(d,p)
DFFE L)L TR S IREF R 21T o7, 1,1-¥7 a7/ 4% AT CHCL
%, 13-Ur7unarFus ) o FE L ATE 2 50 CHCl FEOWNEEERAR T vy ¥ Lo R L ¥ —
RO E AT 72, E£7- MP2/6-31G (d,p) L~V TIRENFIE 21T\, 2%k & 3RD D ERK
ZROIZ, ZHOfEE S &I Sipachev (2 X % SHRINK 71 7' F A3 &M~ T, /0 FINOJ



TR KIS 2 3 FIRE O -2 IR IRNE & At I A R L7,
[ & Z22] SHRINK FHE 613 1 KT GRAIIRENITEL « roE~DZEHY) , 2 WUl (g

HEIE[A]~DZEHR) | FEFFIAIE (re MG~ D) OIREIHIEHE 2 5RO 7,

1 GERITIEIRA 0 & j O ORI EEIX

Kij = rg, — g = — (SAXi?>1 + <AY;i?>1)/2rii + <Azii?>1lrij;,
THEEIND, TIZ7T rgldd 2iE TEEERRED H 5 & & OIFALE DOIREIEE 7 645 5
NDFEFHEHTH Y, gl GED OF —#nbEEERO L L RFHIEHTH 5, 2 KiEfLl
TIET v b JRERE & NERIEARERT O curvilinear 7¢ FRBED Z8HA 2 Jta L, JFEMEMIESEI Kijn = rg — 1a, T
KB D, T T rpg 1& curvilinear FIEA 1T - 72 FHIFERECH 5, Z OIFEITITE LSO

BREE O - TH Y,y XK rg i ORI IRBI ) &5, FEFRMIEC
1 Ky = rg— 1y 2SEF I, SOAOF R EE S M -TH 0, GED OEBRT— & /b Tk

EICEHT B LINTE S, - 1,1-DCPO R 9
Fig 1 {Z MP2/cc-PVTZ L~ Ji - ;i‘;
o one * o= (E)-isomer

T L7z 1,1-DCPO @ CHCI, % i, (ZTE0HO

\ T 50 I-\\ -
HEDY ONEEHRRT > 2 g ¥ \ » .

0
¥ AME AT, 2 D5 T C=N y > ?
2
A .
CEFE ATk L CT(E) L (Z)EQ@ J‘/j # ‘J . — \,m\\uf\(’\“
BMEARNEZ B, FNEH 2 )/‘)J - dihedral angle ¢ / degrees I
DOIRT 22 v U N FiO, Fig.1 1,1-DCPO D 7KF 3 % it
Table 21213 = ™ % Z-1 conformer (Fig. 1 2 H8)lc >\ T C1 2’
. . Cl
DFEF(Fig. 2 ZR)LMMOFF L ORI 2 FRELE o ¢ HI2
MM EE 2 SR LR Uie, “FRRIEIX A TR KER T OB A" B
M55 L 2 HOEBKRE, —HERHEDRET 1 %GR N
POMAMORER &l TH U< KE Ao fo 2, ZAUTHD Ha g &%
HIO

TNHEOFWIZLD EEZBND, £72 SHRINK 7’12 77 A
P CREDIREOFH G- %2 v hT& Lignore 7Y 3 U %&

Fig.2 1,1-DCPO DJf D& =A+1F

MWTEHEZITo /2L 25, EMIEDMEIZNR D /NS RoTz,

Table Vibrational Mean Amplitudes (1), Interatomic Distances (r) and Shrinkage Corrections (A) for

Z-1 conformer of 1,1-DCPO

Atom pair® la | calc L catc. lcatc. lo-Ta Ii-Ta le-Ta
first second Anh first second Anh

scaled scaled scaled scaled scaled sclaed
ignore ignore ignore ignore ignore ignore
C1 - c2 1.502 0.0506 0.0506 0.0506 0.0506 0.0536 0.0526 -0.0030  -0.0010 -0.0005 -0.0006 -0.0035 -0.0081
Cl - N3 2.455 0.0598 0.0598 0.0598 0.0598 0.0814 0.0622 -0.1753  -0.0013  0.0062 0.0020  0.0899 -0.0121
Cl - Cl4 1.780 0.0532 0.0518 0.0703 0.0519 0.0736 0.0547 -0.2191  -0.0013  0.0016  0.0004  0.0008 -0.0078
Cl - Cbk 1.780 0.0532 0.0518 0.0704 0.0519 0.0737 0.0547 -0.2197  -0.0014 0.0016 0.0004  0.0013 -0.0077
Cl - H6 1.082 0.0757 0.0757 0.0757 0.0757 0.0760 0.0759 -0.1251  -0.0084 0.0012 0.0012 -0.0228 -0.0151
c1 - c7 2.602 0.0677 0.0677 0.0683 0.0683 0.0864 0.0712 -0.0588 -0.0015 0.0082 0.0035 -0.0368 -0.0130
Cl - H8 2.891 0.3582 0.1786 0.6443 0.1795 0.6579 0.1854 -0.3717  -0.0121  0.1122  0.0083  0.0519 -0.0159
Cl - H9 2.890 0.3582 0.1785 0.6436 0.1794 0.6572 0.1853 -0.3726  -0.0121  0.1121  0.0083  0.0531 -0.0158
Cl - H10 3.494 0.1026 0.1026 0.1029 0.1029 0.1089 0.1055 -0.0347 -0.0153  0.1256  0.0263  0.0731 -0.0075
c1 - ou 2.644 0.0888 0.0888 0.0889 0.0889 0.1943 0.0907 -0.5175  0.0008 0.0098 0.0034  0.3320 -0.0165
Cl - H12 3.595 0.1071 0.1071 0.1072 0.1072 0.1929 0.1085 -0.6180  -0.0083  0.0416  0.0319  0.3192 -0.0041

[Z2% k] [1] N. Kuze, et al., J. Phys. Chem. A, 119, 1774-1786 (2015). [2] )5, %58 [H4F
B atime (I~ 5), 4P002 (2014 459 H 24 H) [3] V. A. Sipachev, Struct. Chem., 2/3 167 (2000).
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High-resolution laser spectroscopy of NO, radical in the region of
615-670 nm

(Kobe Univ.) OShunji Kasahara, Kohei Tada, Michihiro Hirata

[Fim] “BbEEHE (NO,y) IILERT VAN TH Y RENREERILY T D0, K&k
FOMERTFRF OB RN HHIRIELS | BEZ L OMERRINTWD, FRZ, HtFicEs
W T AT RIS TR & R 72 8D | IRIA WS TO AT M VBRI HE ST b,
Z O AR O TR IRITER 13355 B ISR AE X 2A RAED D T hEIRAE 4 2By IRAE~ DB
BLEZONDMN, BHISNOIRE N NIZIEFRICHMETH DL Z b, Ziud, KK
WREOEREFIEIRE L DOD v 7V U 7I2L D B2 6N TWD[1], R, ®afREDYEIC
£ 0 KB OB S HZ A BT 5 2 LT, BIMHARORE ENLEERRETH D 2A,
WROFGNERZINTWD[2-5], —H., FxIIE, M7 > v (NOs) O FHERIZE
F % BB - XAy BB OFESIREEL — W —3 2D TRV [6]. ZDERIZ, NO, DB [FRf
AT D 72, NO IZB L TH @i COBM T — 2 NEH L >odH D, £ T, AT
VB ST NOLA-X B D D7 /3 0 RORIEMEE & BRI 73 24 DWW TR 24TV,
FAGRIA AR E AR ET 5 Z & T NO, DF EAEFICE T 2 A ET-0 THlET 5,

[=8&] eI N&: YVO, L — ¥ — .
Photomultiplier

(Coherent Verdi-V10) FhiL @ H—F— KK 7A] tube

Z 3% L —+ — (Coherent CR699-29, 455 n

DCM, ﬁ‘;%rhﬁ ;& MH z ) % )EH % \fCo N02 7 A Ix Fluorescence collecting z:‘j: Clptical:filker

He H & & S UL R ) 7\,\/1/( 608 mm)ﬁ\ %/E\ mirror system Q@ Lénses

2EF ¥ UN—RNICEH LT, 20k, AF~— »; Molecular
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NO, vapor Skimmer
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Laser beam
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[#58R & &%] 15000-16200 cm™ D
FEIRIC B DR N > RIZ 2\ TCH|
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DR RIZOWT DS FER L #
WOAR AR B£8R (7 = /v X BEfil
HAERES) ZRIE LTz, FERIZ,
15000-16200 cm™ @ fEHELIZ BT
10 fHD R RIZHOWTEIRI 21T,
Z AL D OGN BAE F E A v
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