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Discrimination of reaction intermediates in the fluorescence
spectrum by IR excitation
(Kitasato Univ.) oRyota Kato, Haruki Ishikawa
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Study on the conformational of monomer and solvated cluster
of deuterated benzylmethyl ether
(Fukuoka Univ.) OK. Nishizono, Y. Yamada, Y. Nibu
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Infrared spectroscopic investigations of proton-transfer reaction of ionized diol

(Graduate School of Science, Tohoku University)

Takahiro Kamiyama, Yoshiyuki Matsuda,
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Infrared spectroscopy of 1-naphthol—piperidine clusters in a supersonic jet
—The excited state proton transfer reaction detected by vibrational transitions—
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Infrared spectroscopy of large size acetylene cluster cations (C2Hg),*
(Tohoku Univ.) OMarusu Katada, Takashi Chiba, Asuka Fujii
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[(EBR] 7w T Lo 7 TAZ =T A (CoH) I T 2 F L v HAGBR) E &G~ 7 AX v
V7 HADBERY = v MEEETA AT AMAEOMBAE DRI L > TEK ST, A1 K&
BN I Y AR oA es & AV o, —BE B O ISRV &skh g CHER S &3 54
A RADY T AL —DIEEEREY L, Ht< \NEMA A H A Fip< CH MfEIRENER O 7R
A4 96(3000-3400cm ™) & st L7, FRAMNEDWE RN 7 T A X —OIRBYHERLIZ I U7y, 12
BIRTHIMERESEE Z V. 7 T A X =DM MRS 2, ZHIC Ko TER LT Z 72 b A (n
<30)DHK, b LITBIA A D (n < 300 “BEHOERSE TR LZ, Zhb



DA FRE LT =H — LD IR ERSIT 5 Z IS KR AT MLz flliE
L7,

[R5 & BE] X 1ICHE L7 (CoHe) st DR
SANRT VIR, RO FERT N By
7 NPT H72DIZ5 W e, AT v
HFIZENTNAHAY RiZ7EF Lo CH f#
MR ChH L, ZNETIZTEF L) T
AL =R B, 7= ) —W)E
RAESEHZETn < 30DH A XOHPAT
A ZEBRIN DTN TW D, FEF
Ba TP ET®EF LU T AX—ITBNT,
INY A XTI CH N ROBARDNIZIEXFRT
BDHN, A ZHRITHE > TR B~ D
ERR O, TBIRDBIERIHRIC > TN Z &
AL, RIZHUEY 7 A2 —WNEOT &
F Lo CH f#E#®Eh»y CH/ = 8 EAEH O
FNRICE > T TAX—DEELY HHR<
CH fEtREDMEIE > 7 L7z 7edThH D 3000 3100 3200 3300 3400
EEZOND, AFEIZBWNTH YA ZHEKR Wavenumber (cm)
(ZFE N < 50), IR ~DMEREZ Y | L 7EFVTTRI=ATH S
Ry R BN EHTH S = engizzsn., | (CHa)yt CH MfEIREIFEIKIZ IS 1T 577
R EOWMP MR TE /2, LinLy I % [ SARAT P
S —H A A(n="T0)TIT N FOTGIRPIZI /A RICE M Lz 2 LBl S iz, ZiudtA
ZHEKIZPE, 7 T A Z —HBEIZHD DNEOFIG 2 /2 RIREE DA B IRIF A
7 MV ETHELL ol ThLEEZLND, SABENIELERROYA X(a=70)D ¥
— 7 [l 8242em™ T, (KHEHORIT 3228cm ThH o7z, ZiUTT BT L Ui ORREIEL
DE—7(3230ecm N2 VL LT Y . CH/ n tHEAERMH A2 % RAZ T Rk A
REF A2 DAGmEE L FEFITBT 7 T AZ —HEEZ R L TWD Z ERHfERl S,

ARG CIXLARTHE SN T B F L 7 T A X — ORI AT R L & HisiEs L.

£ O FER LR 24T O,
[1] M.Nishio, M. Hirata, Y. Umezawa, The CH/ = interaction. Wiley-VCH, 1998. [2] F
B e B OESF, A& h B KRB, 1P023. o rRMRERER S, HILE. (2014) [3]
R. A. Relph, J. C. Bopp, J. R. roscioli, M. A. Johnson, J. Chem. Phys., 131 114305 (2009)
[4]P. O. Momoh, S. A. Abrash, R. Mabrouki, M. S. El-Shall, J. AM. Chem. Soc., 128,
12408 (2006) [5]T. C. Preston, G. Firanescu, R. Signorell, Phys. Chem. Chem. Phys., 12,
7924, (2010)
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Millimeter microwave spectroscopy of AuOH
(Shizuoka Univ.)
Tatsuki Takahashi, Emi Y. Okabayashi, Toshiaki Okabayashi

[F] SI3MbFRICIERICLE T, MO TRISHEIZZ Lk s LTaLRTEY, d<n
BEIECHEAL E LCRIASN TE 1, LavL, ISR > TR 74k 100 [HLL F o427
T AL TR OBUGHE & TR PE RS BT 2 Z E N BN 0 . B LUWEEEEMEYE ORERK
HALE LTHEBENTWA[L], Z0BE., &7 7 AX = IHIKRTIIRLETH LT, T4 7
— FRS)2ETREZRHEL TODIMERH D2, 2D L9 B EITE L/ T — h(RSe)
TIEE VRS FEH LB, 7/haxy RRO)TIIFHBE LW &b, &—16 KR Ok
AL 7 T A=l E OBURICHIEA b 72T D, SR TR, &— T /baxy R
FRORLEMARET NS FD1OTHD AUOH ([ZHEH L, Au-O FEAICBT 25 LWinEf L
FHRMRARDL ZEHAME LT, w4 7 00l KR EIT - T&E Tz, KEDG T4
FMFFEEIZI T, AUOH & AuOD O 7 — U 25~ A 7 a3 T DV Tl L7223,
Ka=0 IRREDIER LB CTE o 7272®lz, FE LW TEEEIC OV TikmT 5 2 & 28
T&ERDoTz[4]. £ 2T, AE VS ELZHWT, K>S0 REOEBOREZ B LT
EERAEITH> T,

[ 58 - #52R] AUOH OBLRNZIZ, ANy &2 Y 7
WE EAE DTN~ A 7 vy tas %
W2, KR T T — % @il 72 Ar A % 3mTorr
DESTEMIEAL, HEEF 200 mA DER
7 a—EEITV, B EICEW SR D DA
N2 U TRIGIZE > T AUOH 24k L=, =
DL, BV OREITHI-150°CITHA L, SonT-
AT MVBRO—FilZ ¥ 1 IR T, ZAUE TS,
150~301 GHz D fE#E T, J=12-11~18-17. K,=0~4 ®
a BB D A7 MVERZE EF 24 RBLHIL T2, Jiane=1411:—131 1

[fdT - B22] BLH S =B JE I i % Wanon %) 935168 [MHz] 235174
S-reduced /~ 3 L k=7 v & T He/ N B RIERRMT
L. FExBiz~ & LCo AUOH D4 T4 % 41 L. AuOH DS VEAZ b
TWIE LTz, 55417 AUOH DEIFEIEHL Ao, Bo, Co & FTMW 531 [4]1Z & % AuOD @ (Bo+Co)/2
Z WV TTARIZR o & 257z, ZORREE LITRT, BONTHEMIE103.0°THY |
HEmFtHE (DK3-CCSD(T)) [B]OfE & FEFIC L —FT 5, £/, ZOffEIX. o EEEEK




At Tl 5 AgOH & CuOH OFEEMA[6]1L U &I LM/ E W, SRKEEILY OREEMA134
B —BRBRIFE A DA A ML BERERAH D Z NN TEY, A A EORE 2TV
V&R ETIIEREEZ . A A ERONENT LI =T Al 8T E RS %
DM AT UMD S HHEMEDORE REHERE TIIIThdh N v gL & 5, 4 1E 0O AuOH
DFEEMITINE THOLINL TV D EREKRILY O T TIXi/NTh Y, KOFEA A (104.5° [7])
L0 H/hE, ZhTE - BEMBEENIZEEEREAETHHL L AR LTIV EZEKT S,
Fio, AEERDTZ Au-0O FEAEEREE 0.02 AFREGRFHRE L 0 RV, IR IR
ROZENRESKRNDFETTHDLZ LD, AEIAR LN D ZTEGRFIR IV TR 2
RICE D FEA RO Z T ICEBTE TN ENFIKTH D afREtEAm, — .,
O-H fE A D 0.03ARRERFHFEM L bRV AS, EiFmEH AL AgOH, CUOH D EERfiE & X
—HLTWAZ END, ZHELIFERIEO T ICREN S 5 /MRS D, ZOFRKE LT,
HLEXPE Cld AuOD D[EIHRTEEL Ao, Bo, Co MIMNLIZIRE S T RWNWZ EREIF b b, £ 2T,
BIE AUOD D X U AT ML OBIAIZED T D, £7-, O-H FEEBEC SV ISR B
DEBEBLSZITTCODLZERTRENDIOT, T VESHICLVRETE DELNEEHK
Z AT DGR 21T\, IR E () 2 AW @ im b 1T ) TETH 5.

7 1. MOH (M=Au, Ag, Cu) D%y fHi&

AuOH AgOH CuOH
MW(ro) DK3-CCSD(T)* MW(r.) MW(r,)
r(M-0)/A 1.9414 1.963 2.0185 1.7718
r(O-H)/ A 1.002 0.977 0.9639 0.9646
6ldegree 103.0 103.7 107.8 110.1
Ref. This work [5] [6] [6]

*FLEBIEL  Au: (21s17p11d9f)/[13s11p7d4f], O: (10s6p4d)/[5s3p2d], H: (6s4p)/[3s2p]

[1] M. Haruta, N. Yamada, T. Kobayashi, and S. lijima, J. Catal., 115, 301 (1989)

[2] J. Akola, M. Walter, R. L. Whetten, H. Hakkinen, and H. Grénbeck, J. Am. Chem. Soc., 130, 3756 (2008)
[3] W. Kurashige, M. Yamaguchi, K. Nobusada, and Y. Negishi, J. Phys. Chem. Lett., 3, 2649 (2012)

[4] FBRFIB, HARE, MAMRESE o Fotiisis L1l (2015)

[5] S. Ikeda, T. Nakajima, and K. Hirao, Mol. Phys., 101, 105 (2003)

[6] C. J. Whitham, H. Ozeki, and S. Saito, J. Chem. Phys., 112, 641 (2000)

[7]1A. R. Hoy and P. R. Bunker, J. Mol. Spectrosc., 74, 1 (1979)
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Rotational spectrum of methyl trimethyl acetate

(Sophia Univ) Yuki Tajimi, Rie Nomura, Atsushi Ishikawa,
Nobuhiko Kuze

[;usa
H 3

Methyl trifluoroacetate (MTFA, Fig. 1)iZ
SNTIRFEFTYA 7 ullink Ve
KRBT EH 2O H D 03
T2 ITREEFEIICLY ZDH5F0
CF; O WHEHRAR T ¥ v L& R TE
Lz ¥, RIFFEIEA b ¥ AR =1L Fig.1 MTFA Fig.2 MTMA(anti )
E%) RCOOCH; (275 H L [E#tE R 22
LEED LT FHEICEDRIBREELERALONEHRFTLHZ 2L Lz,
Methyl trimethylacetate (MTMA, Fig. 2) (ZEH#IE R % tert-7 F /LT Lo SRBEE O R E Wy
FTHY., TNETYA 7 afhomEpliiasn, 2T, BHbFtEIC kTR S
NIZBRRER A2 S HZIT, ~ A 7 v I L 2 ERFEZ VT MTMA 71 OIRE L EIRRE
DEEEART MVDIFEEITH Z LR ET D, £, TORREREBTHITICE-T
HEONTEERND, CHy L, tert-7 T /LR D PNIRIEHRFEEE |2 K 25 75 TAEE ~ D EIZ OV
NHZEaxERE LT,

[5857]
i D MTMA Zii 7 A L CERBRICHEA Lc, ~A 7 aiA~7 bV OREIE, 100 kHz A
I Stark G~ 1 7 v i oy tde A ATz, AT O FRIGHE CRCGER BB A S BT L
T, 26000~60000 MHz OHPHIZBWTEIR F T A 7 B A7 MV EBHILT-, FEBS
o b 217V, Stark #EJE 100 V., #EHE 10—20 Pa, PSD ® Time Constant % 3 ms,
Sensitivity % 100 mV O E CTAXY MVOREZEIT> T2,




(&7 FtR]
ab initio #f %1% Gaussian09 % V>, MP2/6-311++G(d,p) . B3LYP/6-311++G(d,p) .
MP2/cc-pVTZ L~L T anti (o =180° , Fig. 2) & syn (=0 NIV TZLERLE D 1E
i bz 1770 o7z, 72 _mfMA «(C302C1C8), ¢ (07C1C8X, X = F,C),  (C102C3H4)IZ
B3 2R8 7T vy b px X —dlifR 2 ERlc L, ENENDR CNIRBIORT o v VIREE L
K7z,

(AR & B2
BHEFHENSE ST MTFA & MTMA OE#IL R ISR 2 NEREERR T > o v L &
Fig. 312/~7, 72 Co. Cro. C3lZH1T % CHs FrDONERRIHARERE DT % £ 4 15.41 kd/mol,
15.07 kd/mol, 5.07 kd/mol LRk BTz, FHRMER LY antd D syn MLV ZETHY, ZD
Bl e %40 E L CEBR AT MLV ORRE EAT o7, BALFEHEER D 51X antl B OBEEREH A,
B. CiZ*h=h 3180.73 MHz, 1521.03 MHz, 1336.97 MHz &R b, EEIZ~A 7 n
W oyt WD THRIE LSS J=1110, 1211, 1312, (2B} DHEEHILER A K OMEED i)
FREEE B2 D~ A 7 v AT MVOWIERE1ST2, fFDITZ AT hLrO—H (=
13—12)% Fig. 4 {2/~ 7, WIERD HBL % — 2 )n 5 a-type Tix7a < b-type 28I L7= & Tl
Enfzio, BREFEEZ VT MTMA @ b-type @ Q-branch @ THINRIN A~ 7 kL% 3K
Wiz, T DIEHRNOHEFEREZITV, BUERINANRY MABOBEMEEZ D28 L K
KR DT B % R AT D,

r
—

Relative energy/k] mol

—
T

/! \! f \ / ,J' i\
A/ a
L)

t g g
0 120 240 360
dihedral angle/degree

29500 30000 30500 31000

Fig. 3 ¢ BT H2AHEEGRT > v /v Fig. 4 Methyl trimethyl acetate D<A 7 maiff A7 kv

(R =CFs3, C(CHzy)s)

1) G. . L. Jones, T. D.Summers and N. L.Owen, J. Chem. Soc., Faraday Trans. 2, 70,100 -112(1973).

2) M. E.D. Lestard, M. E. Tuttolomondo, E. L. Varetti, D. A. Wann, H. E. Robertson, D. H. Rankin, and
A.B. Altabef, Journal of Raman Spectroscopy,40,2053-2062(2009).

3) N. Kuze, A.lshikawa, M. Kono, T. Kobayashi, N. Fuchisawa, T. Tsuji, and H.Takeuchi, J. Phys.
Chem. A, 119 (9), 1774-1786(2015).
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Fourier transform microwave spectrum of trans-2-hexenal
(Kanagawa Inst. Tech.* and The Graduate Univ. Advanced Studies**)

Ryosuke Yokoyama*, Yoshiyuki Kawashima*, and Eizi Hirota**

[FF] ZEDBWDEKRME D —>TH 5 cis-3-~F &7
— VR B, RS TV D cis-3-~F e — L&
50°CIZhNEL, FTMW 43 it & W CRIBR A <7 kL2 JllE
L. BRWVIRIER 2572, A7 R bR 7= [EHRER D
flElZ. trans-2-~3 & JF —/L(t-2-hexenal) D FHEEIZ T U,
Cis-3-~F & F— LI E G T trans-2-~F & F— 2 Bl
THZERMBNTWD, Al fiikO trans-2-~F & -
— /L& W FTMW 23 6EHZ L 0 3 FE D[RR BAVER O [Rl#R
AT MVEBR - RIE LoD THET 5,

[5287] AR @ t-2-hexenal & A7 o L ZBLD R IRIT AL,
L 2.0atm O 7 LT THR, WEE ) XD EZET ¥ L X—NIZEA L TREFO ) %
AR LTz, Bana k) S0 CITR B2 HIE Uiz, JIE R A EIL 4~ 24GHz, K% IE 21X
R E% % 100~1000 & L7z,

[ 515 ] Gaussian09 - FHV T ab initio 43 F§LE F15 2 MP2/6-311++G(d,p). B3LYP/6-311++G(d,p).
cam-B3LYP/6-311++G(d,p) L~V CTfT o 7=, trans-2-hexenal M7 Tk (%, 2 iy C3=C4-C5C6
\Z DWW T cis(c) & skew(s)f!, 2 mifg C4C5-C6CT7 (2D T trans(t)f & gauche(g)ds L UNg )&
DOfAEDYE, BEFSHEH D Z N> 7=, Skew-trans B A [X 1 12777, MP2, DFT |Z
FOHALZEEREEIIBEWVICE LS B L WA, ZRAX—ERERERND -T2,
B RAR LICRT, 5 EOEEERMEERIC OV TEE LS FNIEEOEEEIT T X TE
THoT,

[RER] B35 DR S a BUER J = 54 O 8 i 258 8.0~ 8.3GHz %475 L,
BRVNIRUHR 2 B L7, & 52 9.7GHZ ITiIZ J=6<5 %, 6.45GHz (2 J=4<3 ZRAH L. J&#
BLT, THHDOT =2 MO EHERRER B+C O 1614MHz (setl & 4 411F 2)TH
%o oD [EIEAENE AR S AL D SRR R A RSl L, 2 480 a BER A JIE - s L7z,
FRAEERERITE N EH., 2019MHz (set2). 1800MHz (set3) Td 5, Setl » b A ¢ BLER 1T
BIHITE A2 o728, set2, set3 13 b M REGER A 6 AME - Jihd L7z, [EHEAT RV OfEHT
2%, FEXRFR < [BiR AT R VZxEd 5 Watson @ S-reduced Hamiltonian % V7=, setl T
1% J=3<2~11<10, K<10 ® a B R & 113 A% W T/ ZFRIEIC L 0 Bl ES & 5 E o
B SEEE Dy, Dk, diy Hy & Hig ZUE L7z, [FAERIZ, set2 & set3 (Zxt LT b & 1T
STy AT RLOFRWEEERMEE (setl & set2) @ BCREDHIE « IREA1T-> T\ 5,
[BL] AT MAETHER & B LR Z T 5 & | setl % s-t, set2 & s-g°, set3 %

Fig.1 Molecular structure of the skew-t form

of t2-hexenal



4 IZJRET&E %, cam-B3LYP CiHE I 7=
TRF—RREART MV & K<t
JE L TW5, 5 EDEIHREMEAR)EIZ D PES %
X 2 \Z7R9, Rl EPEARR] o 11X 400~1100
cm? TH D,
@Méhk3ﬁwﬁﬁié¢®amRL%
DB K,=23,4 D KA 2 BEIEFHOMIZ
&wb2$@ﬁ%%&&ﬁﬁﬁ&ﬁéhto
Z DAY MV EHT R A TV EEDO NS

g’ 3000 —

2400

t 1800

H{CACS—CELT)

1200

g 5000

[F#AIZ LD b DT, A FVINEEHED J1h] ‘ S

A3 a BT L setl & setd Ty 2SI (2 Ao TR YL P P (L PR
EESNT, 77T L XIAM & H, AF L ‘ S qoocw  © ¢
HORBEER F 2 159.21GHz. A FLHED 4% Fig.2 PES of t2-hexenal

cam-B3LYP |2 & 2 FHEAEICEE L Tl 3IEMHT L To, 3R OBIIEI DD 720 set2 Tl Vs
DIEDRKEN, fEREER 21T, A TF/VIEONTIAELERE Vo fEIX, cam-B3LYP IZ L - T
FHET D & sty s-g’. c-tiT% L 1018, 992, 1012cm™ &7V | RERER DB S L EEE. K<
—HE LT3,

Table 1. Rotational constants, dipole moment, and energy difference from the most stable isomer of
t-2-hexenal, calculated by ab initio MO methods, MP2/6-311++(d,p), B3LYP/6-311++(d,p), and
cam-B3LYP/6-311++(d,p).

3400
J200
3000
2800
2600
2400
2200
2000
1800
1600
1400
1200
1000
800

600

400

200

Rotational skew-trans skew-gauche | skew-gauche’ | cis-trans cis-gauche
conformer (s-)=(s’-t) |(s-9)=(s’-g") | (s-@°) =(s’-q) | (c-) (c-9) = (c-9’)
A /MHz 14010.0 8293.1 6804.8 93134 5596.4
B /MHz 809.2 949.8 1035.6 936.6 1181.1
C /MHz 804.7 898.0 959.3 864.5 1039.5
1a ID 4.23 4.32 412 3.83 3.75
tp ID 0.78 0.02 1.26 2.09 2.19
e /D 1.06 0.77 0.89 0.00 0.55
MP2 /cm™ 84.9 229.7 0.0 274.1 451.7
B3LYP /cm™ 0.0 300.0 136.3 152.2 537.5
cam-B3LYP /cm™ 0.0 276.3 104.6 80.9 439.5
Table 2. Observed molecular constants of three rotational isomers of the t-2-hexenal

Setl (s-t) Set2 (s-9’) Set3 (c-t)
A/ MHz 13805 (45) 6628.17061 (64) 9173.15264 (68)
B/ MHz 808.671848 (72) 1049.653776 (64) 936.696450 (69)
C/MHz 805.383571 (72) 968.620638 (62) 863.705276 (66)
D;/kHz 0.090242 (85) 0.38229 (11) 0.07045 (11)
Dy / kHz -11.66076 (59) -4.97629 (69) -2.7625 (16)
Vi/cm™ 1009.2 (30) 1023 (33) 1026.7 (16)
Aal - (0.9202367) (0.047356) (-0.999906)
Apl - (0.3912981) (-0.976306) (10.00136)
Na-type) / - 113 118 101
N(b—tvne) - 0 6 6
ol kHz 1.3 1.6 1.9
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Temperature Dependence of Proton Transfer Reactions of Peptide lons
(Graduate School in Nanobioscience, Yokohama City University)

(OHiroki Akiyama, Hideo Isono, Taiju Tanimura, Masato Miyazawa, Shinji Nonose

U] AR5 TR IT RS T-72 & ORIEES TAHL Y PR E N2t CASROWE & LT
W L 1T R DTG THERE L TN 5, AR CIEEM TIC I 57 F RICET 208 21T - 7=,
Tl huRATL—AFAbiE (BSI ) CTXTF KA 41T 5 2 Lok - T, FEMIEN
REECTHEZERITEA LT, KA CTHNIIREE & 72~ T2 X7 F REERA A2, M1 %1
REH, FNCE-THE LT v b UBEIICDIREKRFEZ B LTz, ~7F FELEMA
F AR T HIRERAEO I WET 5,

[52571k] e
ABFFE TIEA A ABIIC EST &R L, 2) - QMASS Off
P EHRE MR (QMASS) & RFFHERI l& It
BN (TOFMS) O — SO B/ HT e b QMASS O
Tl R 7o 8 7 DIVE B HTIEE 2 T, L
ZOEEEEHANTRTF REEMA 4D

HEMTEIT, v AR~ ML B, B |9 Bda On, 451K
ESIEIC X0 M LIS EHA 4 210 % ~

HFIZE A L, QMASS |2 & » TEMEK 2 2% % d) Eda On, 410K
BIL7, REAZEOELNT He &Mt B —

DY FAEEAL, BB L7 B 2 01 2 | Eda On, 370K
VEEEIETCT e hUoBEIN R AR L ) Eda On, 330K
Too T ABILNITH 450K~290K * T Fif (Eda, ~H |

TR 2 2 b S 7o, BRI &V AR 2) [M-(Eda),+2H]*" Eda On, 286K
L7244 4> % TOF MS I KX W EESHT L. L J/ L

BEZLEDvAANRT NV ERTE, 351 AL B B L
Fenas bR W 100 1500 200 2500

FEa RS o7z, REIIAERS FHEHT
Bradykinin(BK), Substance P . Somatostatin
BHN. THD DT T REERA A Bradykinin ions, [M+2H]*", reacted with Eda at

BT 2 1B L CER A T o7, various temperature.

Figure.1 Time-of-flight mass spectra of



[#iR L ER] BK £ EMA A v &
Ethylenediamine(Eda) 0D {8 22 | itk 0D {8, {5 1
PEICEE T 2 H & A7 FL% Figure.1 IZ7”7,
AL bV ald QMASS & VT, Btk s
EH L TW2R W BK £ EMA A
[M+zHT "(z=1, 2)D AT )L Toh D, AY
KL b X QMASS % FiV T BK £ A 4
[M+2H]IS@R L2 227 F L Th D, A%
7 BV e~g ITERIH% DO /LNIZEda 2 A L
[M+2H]" & 70 b U BEIRS AR L, R
BRI EEIZ AT A TH D, [FAERIC BK
% & A 4 & 1,3-Propanediamine(Pda) D1
ZE RS DIRFERAFIHEICBE T 2 & A7 b
JV % Figure.2 (27”9, Figure.l & Figure.2 ®
TNEFNDART hAnb T a b BEIK
S OIRE EHCE RAES O | B A AR T
telgs U7z 27" 73 Figure.3 Th 5, M
FIT L > TRIGHEDEBE N R E S BAg s
WG, Bda b o7 0 b UBEIRISICE
(T D SRR EE 1 330K AT C RO s FE 3 B
W2 EFF 25, 290K £ CHEHAERDERKIZ
PEWSSIEHE N L LTz, Pda & D7 b
BB SO I 10T D SO BT & IR B IR
FEZAIC X o THFRICRRHEDN EH LT
WAHDN, 315K fHE K VAR TITE SR B
S AL, FAUTEOEOSERE N E L LTz, &
H b BIKIRRF CHEARDIZ S 4L, RS E
WELL TS, ZIUTREZE(LIZHENT
FRA A DI FR—RA— a3 U ELL
B OFIERENET, 7 a1 b OePEC
WEBEHEZLbLDEBEXD,

RO K9 7eFEBR L 43 % Bradykinin O
| Substance P & Somatostatin T{T o772, 7' 1
BB R E R T oI LTt
e ERRLSh O F 6 VLT, SROGEE
ERAE RS ViR L7z,

MASS Off
a) 2+ Q
1+
| -
b) QMASS On
c) Pda On, 451K
- L
= |d) Pda On, 410K
S X
Z
2 e) Pda On, 370K
Q
N
s | I
D Pda On, 330K
(Pda), H" a tn,
l n
M- (Pda) +2H]?
g) t Pda On, 286K
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500 1000 1500 2000 2500
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Figure.2 Time-of-flight mass spectra of
Bradykinin ions, [M+2H]>", reacted with Pda

at various temperature.
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Phosphorescence emission and excited states of 3- and
4-hydroxybenzaldehyde vapors

Takao Itoh (Hiroshima Univ.)

Introduction The location of the T; (;, «*) level of 4-hydroxybenzaldehyde
(4-HOB) vapor has not been determined, because neither of the T, phosphorescence nor
the T; absorption has been detected in the vapor phase. In the case of
3-hydroxybenzaldehyde (3-HOB) vapor, doublet structures in the C=0O stretching bands
have been reported in the phosphorescence spectrum. It is shown, based the
temperature dependence of the phosphorescence spectrum, that the phosphorescence of
4-HOB vapor originates from the T, (n, t*) state. In the case of 3-HOB vapor, the
emission is shown to consist of that of 3-HOB and benzaldehyde vapors, with the latter
being generated as the result of decomposition of 3-HOB. The rotational isomer
responsible for appearance of the phosphorescence of 3-HOB vapor is suggested based
on spectral measurements and DFT calculation.

Experimental and Computational Emission, excitation spectra and lifetimes
were measured with a Spex Fluorolog-3 (Model 21-SS) spectrophotometer. In most of
the emission measurements, the silt width was kept near 2.0 A°. Harmonic vibrational
wavenumber were obtained by DFT B3LYP/ 6-311++G** level calculations.

Results and Discussion Emission of 3-HOB vapor: Fig. 1 shows emission
spectrum of 3-HOB vapor at two different temperatures, along with that of
benzaldehyde vapor. It is seen that there are doublet structures in the main C=0O
stretching bands. One can notice that one of the peaks in the doublet structure agrees
exactly in position with the phosphorescence peak of benzaldehyde vapor. Further, the
phosphorescence peak intervals agree exactly with those of benzaldehyde vapor. Thus,
we can safely say that the observed mission involves the peaks originating from
benzaldehyde vapor. The excitation spectrum of the phosphorescence emission agreed
with the absorption spectrum of 3-HOB. This observation suggests that benzaldehyde is
generated as the result of photochemical conversion in the excited state of 3-HOB
vapor. Thus, the phosphorescence peak seen at 25010 cm™ can be assigned as the T,
phosphorescence origin of 3-HOB vapor, which agrees in position with the Ti(n, t*)
absorption origin in hexane. The weak delayed Si(n, ©*) fluorescence band of 3-HOB
vapor also agrees with the S;(n, mt*) absorption origin in hexane. There are four
possible metastable rotamers for 3-HOB (Fig. 2). DFT calculations indicate that among
the four rotational isomers of 3-HOB, the C=0O-syn-OH-syn conformer is the most
stable rotamer. Further, the observed C=0O stretching frequency in the phosphorescence
of 3-HOB vapor is 1725 cm™ which agrees favorably with the calculated frequency of
1728.9 cm™ obtained for the most stable C=0-syn-OH-syn conformer, while those of
the C=0O-syn-OH-anti, C=O-anti-OH-anti and C=O-anti-OH-syn conformers are
calculated to be 1735.1, 1735.7 and 1735.7 cm’, respectively. Thus, the observed
phosphorescence of 3-HOB vapor is considered to originate from the C=0-syn-OH-syn
conformer.



Emission of 4-HOB vapor: Fig. 3
shows the emission spectrum of 4-HOB
vapor along with that of 4-HOB in rigid
glass at 77 K. The emission of 4-HOB is
considered to consist of the T, (n, m*)
phosphorescence accompanied by weak
thermally activated S; (n, ©*) delayed
fluorescence, while the emission at 77 K
was assigned to the T; (m, w*)
phosphorescence. The phosphorescence
in the vapor phase exhibits a prominent
feature of the C=O stretching vibration
with the frequency of 1720 cm!. The
phosphorescence origin in the vapor
phase is seen at 25710 cm~!, while that in
a rigid glass at 77 K is seen at 24000
cm™!. The phosphorescence origin of
4-HOB vapor agrees with the T, band in
hexane. The phosphorescence lifetime of
4-HOB was obtained to be 0.35 s in a
rigid glass at 77 K with the quantum
yield of about 0.1, suggesting that the T,
state is 3(m, ®*) in nature. Both of the
phosphorescence  and  fluorescence
intensities of 4-HOB vapor are found to
increase upon elevation of temperature.
This observation supports the
T>-phosphorescence  assignment  for
4-HOB vapors. The measured emission
intensities were analyzed quantitatively.

Phosphor.

I ' ‘
3-HOB
40 °C
Fluor.
- 1
3-HOB
W 'h,,!s:,. :M:vm
MUBenzaldehyde

21000 22000 23000 24000 25000 26000 27000
Wavenumber in 1/cm

Fig. 1 Emission spectra of 3-HOB vapor
at two different temperatures and the
phosphorescence spectrum of
benzaldehyde vapor.

LN H. .20 Oxc-H Oy -H
H H
@0/ @0 @0/ @0
I i

C=0-syn-OH-syn  C=0-syn-OH-anti C=0-anti-OH-syn  C=O-anti-OH-anti
0.0 cm™) (243.8 cm™) (269.7 em™)

H_ 20 H_ O
iE\H H,i

OH-syn OH-anti

0.0 em™) (40.8 em™)

(234.4 em™)

Fig. 2 Possible rotational isomers of 3-
and 4-HOB. The energy values in
parentheses indicate the DFT calculated
energy differences between the most
stable isomer and each isomer in the
ground state.

20000 22000 24000 26000 28000
Wavenumber in 1/cm

Fig. 3 Corrected emission spectrum of
4-HOB vapor at 90 °C (solid-line
spectrum) and the phosphorescence
spectrum of 4-HOB in an
isopentane-methycyclohexane mixture at
77 K (broken-line spectrum).
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Reaction rate constant measurement of MnO radicals and Oz, propene in the gas phase
(Japan Women’s Univ.) OChiyuki Kabuto, Nami Yamakita, Takashi Imajo

[F] BBaRIL. ka2 ARIEEMSEEI LAY &SR 2R L CRREEOTEM .0 & LT
HERERZRIZLTVWD, ZHVUTEBSBRF R dEFERF OO LB LN TERN,
B ORFFRIZ RV THRJEIRRE T 3dn24s2 OFEIREZE FF OB &BE I REETH S &
W ZEBRHOEMNI o7 12, RIEETH LB, 482725 2 & C 3d &%l L,
FOSPNZHR L CART oy VEREEZ DL Db Thd EMBEhTnWg, —F, EFidE
3dn14s! TH HREREOEBEBIF 1L, O2 L RAEREAERT D 2, AHFIETIL, EBEE
BRI R T A 2T 5 & 4s B MEFRE AT DI 482 TIERL< 2D | 3d EF DI
WD RN E DT DORIENER R T 2 & TRIL, EBESRE WY T 2 0L ORISEL
WTRHNTE T,

Mn OFEAlEIL[Ar] 4523d5 TH V| 6S DIEA RO, d #IEIZ 5 DORKEFNH Y |
FOSPEIZE VN E B Z HND M, BEOHFFEIC UL O RRIbKTE & ST, RGN R
T THDZENDN>TND 12, — T, O3 &I L MnO ASTHARE T 5 2 & Sl
STz 8, AlElE, Mn il O JR -2 f56 SHE FiuE 22 b S/ 5 2 & TRIMMED E
L ETFHL, MnO & O 72135 CsHe(Z ) & DS REE ESUTR L COEBRZIT - 72
DTHRET D,

(8] Bt~ H > (Mn20s) ERZEHERSE2085, NdYAG L—F—DHA % 1L
ATHENLTHIF L, MnO 7 VBV ZAERM LT, BHEICIEE KA REOMESE 2 KoMIic
Nd:YAG L —H—D 2 5 T L7-aBZ L —F — 23 E S 82X vy ET 4 U v T XU
mkEERWD Z LT, %ﬂ@5manL WL AT L ASE+ - X6T+ 2 L=, (&

F121% rhodamine 6G %, ®EHEICIINT e EZHWe, £z, EIFv AT A—
2 —THIE LT, R L X x BT 4 Vv 7 Xy o NikaAaaoE T MnO 797
JL& Oz CsHe & O SOGHEE 2 lE LTz,

6 R] BE L7 AR Y RV &R 1SR, ROGEEERORIEIIE 560 nm 137

— 7 RNV IO E =V H R _XR—=AT 4 TO F—FVF X ET 4 mx@#(AF)%7
CANDOERNEE LT, K2 X0 MnO 7 0 VIEEESRE /1 2 28 ST H W EIZZEER
RN EDBERHRE LIS LR ER o T2, K3 1E, Ar N> 7 7 —(0.5 Torr) 1 C,
B CsHe % NN 2 72 RED MnO 7 2 71 v OWIN & % L— P —Z5%58 & R O FRE 22125k LT
vy hLIZbDTHD, CsHe DIFEFHTITIRLICEY TH D, WILEDRFRZE(L DT
R X —EHEETHAD T2 O T M EEA D & EREAD LD, ZFOBEEDND
WO ERARE L, 7 ey N9 5 2 & TRICEE ER A HE L, Bl R T MnO
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2 02 ERJGET, —F. CsHe & MnO & O lE CsHe D431 % B 2 & AR b O =
BHERL, CsHe EUNTDHZ EH R LT, ROMHEETCHIZE L QUIBENETR CH DT
O, BEERFEELED T, il TRET 5,
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Observation of the predissociation dynamics of methylamine
showing the specific final state distribution
(Graduate School of Science, Hiroshima Univ.) O Yuuki Onitsuka, Takuma Yanaidani,
Katsuyoshi Yamasaki, and Hiroshi Kohguchi

AF LT U (CHaNH)IE, SR Z WU L C SOREE CTRIIMEET 2 2 & AHiE ShTn p 0,
— A BT AR I, T PNIEEN A EC(IVR) D% IS MRBEDS I T9- 5 720, AT DY
b ST IRENRAEIC X O THEEZIRE AT 2on T IR S D . T4, C-N RS iR 5
(CHsNHz + hv. — CHa + NHIZ DWW T, fiRREA R CH3 1X CHaNHz O tfibe S v 7z HiREN KRB I 4K
17 L 72 W EHORCIRRE 0 A1 2 3728, ESEAYIC C-H A D RbELIRREIZ /543 2 R AU ROR B 20 Af
BORTZ NG SR Zo TEMEE SO C-N RS IREEFERE OO - 91%, CHs O%HERR
Y NHz DARBE A0 KO, AR ~DITHE « WE =L X —~DF T F— Bl A 6 &3
HWBMNGH D, F ZTARFFETIE,  CHiNH, @ ve &— K (NH2 wagging; 636cm™) & vz <&— K(CHs
rocking; 1008cm™) D5 - FEG & D 8 DOIRENKAEIZ X LT, MR CHs OFIRIES A K DR
R AE &P U 7 B EL AL 21TV, N0 e S IRENIRAEIC 31T D AR NH, DN
= 2L X — 000 M OE DT R F—D B DN TELE LT

He TA IR L 72 CHaNH, RRGUEN 2 M EZE T = L N—NIZHEH L, B0 T2 B4 S H 7.
43R 205~240nm DB A BRE 95 Z & T, CHaNH2 & 8 DDIRTE /N RICTERAYIZfihiE &
WEEE S 72, fREEARC L7 CHs 7 7 7 A v M2 ERSI LN+ C, 3p
Rydberg {RHE A FRH L 72 (2+1) LB LT A A L AL(REMP) 222 MV &15T-. £7-, BHCOKE
AR MVOIEBEINY RO — 7 FRICEET 5 2 & T, IBBRERIIIZ CHs 2 1 41k L,
NEE R ZH(MCP R H#R)IC IR TEH B S 1072 CHsY A A > OBEL YA 2 CCD 4 A 7 THELHI L 7=

8 DD CH3NH, DYJihiEe S N 7- IRERIRREBIC X 5 €D REMPI A2 khLlE, CHs 23
B ILECIRAE(v=0) & C-H XIFRHHEIR BN EhE IR BB (ve; 3005 cm™)IZ 0 AF L TWAH Z & &R LT, AXY
NVOIREN N FOHBICERREZ BB 52 LT, Kk S-S iEESREICxT 2
CHs(v=0) & CHs(vi=1)DHHxt AR A2 R L7=(3% 1), MXRHER T S L7 IR B I K A7
BT EOEE R LIz, 72, Kbk S 7B IRENKABIZ 35 T CHs O A E A IRBI LK 8 (v2;
606cm™Y) DfE H & i 77228, CHa 1 v IRENEHESIR BB ITIT 040 L CTUWhe o 72, CHs DFSIRRES3 A1 73
CH3NH, Ot S IREPRIE IR L2 N2 &, IVRBEE TWAH I EERLTWD. L
L, CHz2 v &— R LV mWRE A &0 vi B — FRENIEIRAEIC D A543 5 R A 72 IR T
SAE R LT Z 8L, IVRIZ X D IS O Fhke S 7o IRENRAE O Bl 23 5222 # S RiflT C-
N FEADREEL TV DZ L 2R LTS,



#1 CH3(V=0)& CH3(V1=1)@4{Hﬁ$5jztt

Aphotolysis 205nm  211lnm  213nm  224nm  230nm  234nm  236nm  240nm
CH3NH2 @ 75, 95' 709 8 402 769, 191 1 1 0
. 96, 70%%, 769 7 9 0
EEhkRE 739 7394 0> 1070 g3l 070 0 0 0

CHs(v=0) 0.53 0.49 0.56 0.49 0.52 0.48 0.45 0.54

CHa(vi=1) 0.47 0.51 0.44 0.51 0.48 0.52 0.55 0.46

CH3NHz D093 R (Aphotolysis=240nm) Gt 1 fig
D> 5 fREEA AL L 7= CHa(v=0) & CHa(vi=1) D EEL Sy
EK LR L., BN BEL M b S
Tz CHa(v=0)DIREE /Al 2 ARy DL K47,
CHs(vi=1)IE 1 &y O a5y 5 B Ak S AT
7o. o> CHsNH, OIRERREEIZ 3 LT & EE Ry
DOWERIZFRIC TH - 7. EERAF & = F X
—{RAER &2 SRS A 12 A LA S st ARk
) NH, OB 3L X =3 A 2 2 IR LT, & 0
FRBIERR AT LT, K0 @RI L7 NH2 DN [ 1 CHaNH, 0008w RIZ351T 2 ARk sl
B L — 45 A (FRAR) D K BB 43 N B - b e fk e CHa(v=0), CHa(v1=1) D HEL 53 A
D NH2 DR L& WME (R 123kImolt) 2 i 2 T NH2(A) NH2(A)

WD T EMD, ZORSYE NHo(R) LR & 7R *M ‘%

L7, 95— D NH, ONE= X =004 (F ! Al A

FRE, BRI OMEDE T, N ¥— 213nm—M ZM
AN LEVEEZ B Z TR0 2 2005 NH(X) m"m/'ﬁ mﬂ/'\

AEPRRREE L IRIE LT SR B O ARBEROS T 5L _
1%, 123kimol* #i#kx 2 A= R L ¥ —% & D M
NHz 23 ERE LTV %28, SRR R & & IS NH(R) [ Pt

3000ms*  CHz(v=0)
—

3000ms? CH3(v1=1)
—

0 photolysis 0 photolysis

FREE [ arb. unit

Intensity / arb. unit

236 nm

AR B N EAR A DR 5> TN D Z &N D, &
IREN AL L 72 NHz(X, Vhigh, Jhigh) O ZE AR AR B &
JRlE L. DF D, C-NRAMEEHRIILL T

240 nm

100 150 200 100 150 200

OO EEGTe Z EIRE S LTz
CH:NH, + hy — CH3(V=0) + NHZ(;&)
— CHa(v=0 and v1=1) + NHx(X)

50
NHz Internal Energy / kJ mol-!

X 2

50
NH2 Internal Energy / kJ mol-

st 25 i) NHo O NS = % L & — 43 #i

/£; CH3(v=0; slow and fast) + NH2
41, CHs(v1=1) + NH»
SRR NHo(R) DAERE L & WM

CH3NH, @ Sy PES [EWiE1I1IZ NH(A)AERRARE & 272723 5 TWT, NHo(X)AE AR 1% So PES &
RS TN D, BEGHFZE CIIAUG O H O AFITIC So & S1PES O M SEARZE(C)BFET D 2 EDVRE
TV DL ARJIE TR S NHo(X)AERRR B 1, Sehibe S 47z CH3NH2 @ S1PES 725 SoPES ~
Cl Zil L CHWBER L TW\WD LB HND.

AHFFEIC LD, CHsNH, O C-N A fREEIY, IVRIC X BEEI = F X — D52 mR AT
THRNCHEIT L, HAMITOMERRZEIC X > T NHa(A) E NHA(X)DAERKIZ /IG5 2 & AR S
.

2B R
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Kinetics of the reaction of VO radical with O

(Japan Women’s Univ.) ONami Yamakita, Tamaki Matsumoto, Takashi Imajo

I3

BB IXAERNES LOMBLRREZ2 SICBWTEETHY . d ETEXEBEREZET
EEHDORIGHEIZF G L TND EBEZ LN TS, [UHICEBWT, AERREICEIT 2 E A
BIRF-D 2 53 FBOSHEEEBD MG i, HBERREIZIW T 3dr24s? OFE FIREEZ KB
GREIT DL AXRAKFIEDIZH L TRIEETH D Z E BN BMnIC/2 o721, Se, Ti, V,
Ni %, RFE- k% 2 HiEA EZFFOmILKIFE L nT 525, Cr. Mn, Fe, Co. TFEALE
G L7Ru 1, Se, Ti, Vid, 280010 NO, Oz, N20 & DOLUSHE VEiﬁb)?&iéhfio UIN
V (4F) (B 1EE : 3d24s2) & 02 TIEL, 2JF 0.8 Torr & 0.4 Torr TZNZH (2.9£0.04) ¥
102cecmdst & (2.9£0.3)X102em3s 1 TH D 2, F72 VIOV TIL, 2 20 Torr TP O2,
NO. CO:z & ORISIEEERNHE SN TEY, 02 TiX(3.26+0.49) X102 cm3s 1 TH D 3,
T O DEITEERIED V & Oz & OSHE ERI NI BEREER N L 2R LTV D,

INETIATONIXMIC BT 2 BB T VD 2 53 FRISIZOWN T OWEIX
FIFEEL L 1T 720 46, FeO 7 ¥ B V1T slow flow HCHGfEREIZ L 0 ARk L LIF THREHT 5
Z &1LV | NOsz, 03, Oz, CO2, HoO & DU ED A S iz 45, TiO 7 ¥ viX
fast flow FFCL—H =B L W ERK L LIF THRET S Z 1280 NO &ODEEEJE&*FE
B sz e, Hxalx, dEBSRIATIC O T2 M43 2 Z &1 X 28 FHuExiFrtk
DIET & BEFEREOZEN, FOSHEEBIZH L TED X S RN REFF O E R D720
—HE O 3d BRI T PNV DRISEEEEIZOWTOMEEIT> TE TH DV, TiO
FIHE O DEUGIZ OV TR, SRRV TARNFZE & FkE2 I L 0 HlE L 2008
BITRE LT,

AW TRRETH VO TV AMZDONTIE, Ar 2Ny 77— A L L7z slow flow 1 C
VOCIs e L T VO Z/Ep L LIF TR 25 Z &2k, 020 NO, COz & DSHE
EBNHE S8, VXIZ)E 02 T, FIRIZBWTLE 10 Torr. 20 Torr, 100 Torr T
ZNZE(10£2) X 10 2emdsl, (10£2)X102cmdst, (12£2)X102cemd3s 1 THDH 8, ZD
FERD O RERFMER RV E R SN 8 2, T TICRERFUCTE L TV 5 AR S E
TN E LT, YAFFERIZIB W TR 1 Torr LA T CORCHE ER A HIE L, BHEEREEN
bbHZLEWE LY, AFRITZORM THY . 2JF 5 Torr £ TORERELRETH B
DTH D,
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MR D Va0s R A FllE SH2 085, NdYAG L—V—DHARE 2L v X CHEE L TH
5L, VO 7PN/ Uiz, BEIZIEEKIRoMEd 2 oM NA&YAG L—3%—D
2 (EE TR LR L —F— a2 EHI LY T 0 V7o optiba v, BEa
® 574 nm L DOWILAR T MVEBIHI LTz, (3FE121% rhodamine 6G W7z, Ny 7 7
— WAL Ar TH D, BEMEICAT barz v, iEmid~A 7 —2—2—THIE LT,
RFI L E XY ET 4 U U 7 X U EE A EDE T VO 7V E Oz & DRIGHE
FEER A PE LTz,

[ R

BUSHE EBOUWEICHNTZ VO TP DERIL, CiE—X12(0-00Th 5 10, S5 HE
ERAPET D BT 7 ERRTH D, WIRE—7 HERERX—RAT A L TO M—F /L%
YET A ADE (AT) 27 VANV ORINEE Uiz, WIERFF AL OB X — %
BT 35 DT, AR D & AR L e D, T OME D DEE R ONEE EEL
ZPRIE LTz, BRI D FEBR D 6 P E S 472 BOGHE E E 4% McClean %@1 LEBITRICEL
D, KR LTz, BBEREDO VO 700 E O & ORIGHEEERIITEERGERH D Z &
DNHREIZ72 0 | [RIRFIZ McClean S 2355 L2 EERATH D 2 <‘:75>/Tﬂ*‘=ézh7io

Total Pressure k*o Reference 12
(Torr) (10 'cm3s1) 1
0.5 2.7+0.9 9 :\m-_ ﬁ
0.7 41%0.7 L
1 6.5+0.7 D
2 7.7£0.4 | This Work S
3 8.5+0.4 ~ 4 ]%
4 8.8+0.4 2
5 9.2+0.6
10 102 8 ’ 0 5 10 15 20
20 10+2 Total Pressure (Torr)
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Electron-ion coincidence spectroscopy study
on the valence ionization of N, and O,
(IMRAM, Tohoku University)
OSo Yamada, Noboru Watanabe, Tsukasa Hirayama, and Masahiko Takahashi

[F] KKPOMEFINTARINDINT, BRFIUCEIT DD UM B R &5 LD
ERIZES> THERSNDEFMEEZS LU TS, SRRSO R R ENLE ST BN DO
TR A B T 570 B A X E R X — 56 (BELS) [1)&2 AW a9t & e D T Tz,
IR OHELERD) BEOD EELS Wi &I/ b i fe 4 S e U7 R0 7o B Tl s &k A7
YA TR T28D | ZDHARTEIR LV hE B LB O TEIRICEE TSmO N R DX v Z7 72 B —3g
VEATIZENTED, L LB HERD EELS Tl AR RIR S 10T 4 MBI K0 FEBRAE R
ZEMAEEIE I, o F O RIFHIIRITE K LT 1 E 225 A7 ADFEMIC BT o 1F s Ko Tz,
T THA L, ZERP O FZBRAIN B2 se iR 37~ 0 FRAERICH W T EELS Wiz e 475 F
EOBREEED TOD[2], AIFFETIE, ZOFUWRIE FEO R oK E2XLEEHI0, KFEL
Z R4y 1@ inner-valence A2 FH L7-, inner-valence A4 AL fEIk Tld. & 1FHEE 0 5R< B 5-
LT MR I S e Y | 2D BLRNG | 53 F A RIZB T DA A AL EIR 72 &% AT E03
BEAPNATOIVTET, 73 FIERERIZBIT DA F ALWrim A O BAT BB R AL E CEOARFIEL
FHUIE, inner-valence A LB IZEE T A LVFEMIZR BRAR N IFF C& 5, R CIIBARZED TE
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