3A01
JT =R VAT RO ) VBT AT T X % MR & FRAMEBS F
(RIS - /| BTk - T% 4K - RS )
O Mt | SEMEE ? GRS FIKR? Zhpes !

[F] ZERFIZ B W CTHUR CIRET DI IE X 7
VAT RIE, M, B U UEREE L VD 3 oD EHR
EROZ L TAEKRSFLELTHBELTWS, £
DNA " H bt AMIE 2 Mg 9 5 BT, s
HMCOMBERANEETHLN, EDONNy I R—
ThHLHLPERY VBEORELEGE T 2 LT TE
RN, PR, BERHEIL X U LA T R OREEMTIZIX \ : ‘
X 6 @7 NMR OBTER 2 ST & 7278, A b b ok 4
PFICAFAET DERIE OB L ZT D70 I FAKD 1. ()Gs & (b)diEtGMP D,
EEOBIEZ D Z LIXTE o T,

INET, FxlTL—F B - BEHY = v Mpkikz Ay, K 1@ TR &)
SERDICEMTH D T T /2 (Gs) % IR ZAL L IR RE T OMkigS 2 e L7, [1,2]
LnL, ZOFT7 =07 LAY RIZAERPCIIEARTHEELRWD, UV UBkEs S0/ T
SR UATF RELTERTDILERDH D, LNLARBRL, —EIICX 7 LATF Rk, BT
JiE L CHBT Y ACRIEHETT D720 FEEENICRILT 2 2 Lo THREETH - 7,

ZZT K1 RT L) VB2 =TV AT L LI =TT T ) v B
ARAT7 2 — MAEtGMP)Z 5 Z & TEE LT-&db il Adz, BT AT b, FRIMRE)
A MVORGE L BERFITRAZBME L, BER AL T+~ —DIFEE R AT,

[F#E] &5k L7z diEtGMP[3,4] & il D 77 7 v 5-F ) R A7 = — FM(GMPEAZ M IC, L —
Pk - BEEY = MAENEEZ W, oA L &S, |2 oEBHRURICR LT
TR A AER2ZPDICL VW E S AT MAERIE L, & DIZRIMREI A MLV OHRIE %
fTolz, ERHGMFIHICEY, Bxhar 73 ~—OREME L EEZ 5 Lz, KT
27T 6-311++G(d,p) & A\, &R EI2i% BSLYP %, % 20X —1X MP2 50— siEtHIC
L0 EH L7z, F7-Mxt o 3L X —5kJ/mol AN D2 EREE 25 L C, BSLYP {& Tl fnfikEh &5
AT o712,

ER] 77=vX 7 vAF R ) VEBEET AT MIZ X B IERERNSRIL : X 2@ X912,
U UBIEN T AT STV GMP Tk, MBEC L2777 A N ThHIT =V
(m/z=151), F7=% D &K (m/z=302)2358 < Bl SFv, GMP H13kDAE 5-(m/z=363) I 3B S /e
Mole, ZOZENDL, ZOEW TIEMBERZ, BTV AU ZE A U TV 5 ATREMEA /RIE X
b, —J. X212 T dEtGMP TiXHiA 42 O v — 7 (m/z=419) 391D TEl S iz, Z o
AiEtGMP [ZWBEIZ L 57 T 7 A v RBgD Th7enicd, U VRO = 27 A klid GMP O3
RN 72 S L2 REERICRE S D B2 b b,

EHIZ, K 2R T L OICF v U T HAFICHMEDOKER EEEET-5M4 T TlE. SROK
o 7 22—l sz, Gs CHREROMEZITo7235G LT, LY mROKZ 7 2




& h Z)§ ’_ﬁ:/'_f GC {:E& L T A é Z (22 (guanine),(H,0},

&ZJ)E)\ U yﬁﬁ%%éﬁ%ﬁ%ég ‘ DII_2 (suanine)a{Hzo)”
7K FREIE AR L TV A H] L .AL'.'.l
BEMERNTRIB I NS, g 1

?"2 (diEtGMP), (H,0),,

RABEEN X X7 bV L& FRFE
B [ 3 17 (AiEtGMP & L
(D)Gs DARIEB A2 |1 b ; L.
FRAR A O RE R AU~ TR L T
2. WHEEET S &, PO N Yo
2-OH . 3-OH i i #& B | iy
(3695cml, 3605cm™D) &, Mk TR ZEET IS B BT UL S Sk T PRty St B L

200 400 600 800 1000

_ Gtz = Mass / amu
®  enolOH  fift #f # B 0 popri- 12 TOF-mass %<7 b ()GMP. ()AEGMP. (@35

(3586ecm VI —EK B b T, U7 HARICARIEMZIHEHED ZA2Y ML, £7- GMP OH &
(m/z=363) % (I RFEIT/R LT=,
L., 72 EOXF, KR

(b) diEtGMP

lon signal

(JIELGMP),(H,0),
(diELGMP),(H,0),

01234586

P fE R B (sNHz, aNH2) X ! SNH,

Gs ICHARTREL Ly Rv 7 Ny ey, S mon 20
RLTWD, 2Oz ki, Vv 5336 &

WL T O BICHEA A T s s
ES AN A0 A R R - s | b b
T5, Gk Gs T RERO g e el i

B 25 B keto. enol 0 5 B - N, \anry yon  2-OH
enol (ROABEBHI S TEY | \ l 35:;5 '
B 5-OH |3 M N3 & PNk 345"_5 35?5 3605 Ilma
EEEWRT D [0 30)] & AT WP WA, S A
EsnTws, Il coze 000 a0 | a0 | as0
1. dEtGMP (23T b [FlKE IR Wavenumber / cm’’

5y FHED A H 3. TRAMEEN A< kL. (2)diEtGMP & (b) Gs (22 CEBRIE & #ind
Sy PRSI &1 enol X BIREER A e L, A )R)E L7z,  scaling factor % 0.957 % [
ko= 7r~— [K 3@)]T l¢ RIE SNSRI Z 2N IR Lis, £127 2 BEOXFR,
B Jixﬁ’r(sNHz aNHMHHRENC 2 Db o Ly RV 7 M EREITR LI,
boHZ L aMIRIRT D,

ZIT, 20T F—ICOWT, HFREFEZ AW TS ORB A RA T, 2 O/RER,
X 3(a)diEtGMP & [X13(b)Gs D#EEM THLND T 2/ ROREKO L v K7 b b EREZ
L, K 3@ICTIHETHL LmTED, ZhITED ., U Uik & MRS 5K H#EHE
BDOHFENRPID TH LMo T2,

S VUBET AT AGIZE D L—F—IBHEZ WS Z LT, KV EROEBERX 7 L
FF K& ZDOKRF % R LI FEREEN AL & ST ~ D RS HIFE S N 5,

BN

1JH.S algusa S. Urashima, H. Asami, J. Phys. Chem. A, 2009, 113, 3455.
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R4 MBS IEIC LA T T = - NV RO T = -7 = Ut o
CRI 7K R 3 b

(BRI RRR « AT/ 1, RRIRSERL KRR - ME OB JEE 1, ERAMHN 1, J3EER 2, ZkPEs 1

[/7] DNA W oL, B oMM Rxt&iz kv
Watson-Crick #§1& (%] 1a) & FEIXAL 2 Fr BB 72 KB RES 2T AL
LCW5, Fle— 208 TS 2 I ERICIZ ~ BT
IC L DEEMAIERMEE, DNA O “ELEAMEITZ N
SOMEERIZL > TEEILL TV D,

2O XD IR B < AH AR & o T Rm IS BRAR
T 5 72T, BN S L L - st F i B9 5
n#ﬁ%?%ék%oo:@&%i%“?@%ﬁ:ow?

wim T DT OITIEZE OEFRICAFET DKy 2 T
BT OMENDLN, ZNETEDLD 7‘;;@5& T Tz
Mol

Z 2T AT F IR R OMEE I 5 2 D s
AT EERMELT, T =20 -0 RV ROV T =
V- TT = UG B R BT D — K FNi) O SIS R E &
RoT, ZOEEXARMRETIZ T T =00 v by iZHhbind
HAEBMEZME T D720, 9-AF VT T =2 (OMG) KT 1- 2
FNALT b (MO E A WTHIEZIT>72(X 1), ZOFEE, IMG-IMC 1X—/Kf#TH
Watson-Crick f#i& 2R L TV D Z E2VURIBE S 1L, (OMG), HAKFIORi% CHEST OfE&E N L
RNWZ EDRHBMMNETRST,

[ T3] U — W — BB AR50 TREIC L > T R ONFDO—KfN Y 5 A% —%AK L. %
T A A AVIEIC LV E T AT v E, RN T EIESIEIC K W IREI A R LA
E Lz, 2, B HEFRIREICE > TERMEROBAE =RV — LIRE A~ ML EFRE LT,

[FE5 & &%
9MG-1MC

B4 21X OMG-IMC & & D—KFDIREN A~ ML TH %D, IMG-IMC D A7 hUET TIZ
Abo-Riziq 5 Z £ - T Watson-Crick #i&E (X la)ytlmE sz A X7 hric—% L7, [1]
IMG-IMC & ZD— KD AT ML AT D & MPITRLZE 912 IMG, IMC £ivEh
DFEFOT 2 FEO OB ORB DK TN L > TEILL TV ARNWZ ERnbhb, 2O &
5. IMG-IMC IE—/KF¥iz BT Watson-Crick i EZHEFRF L TWA Z E DRI IS,

BOHNIZANRY MVTHE—ORERIZE > THAT 2 Z 213 TET, I OICEMNRT 17—
RCThotoiowd, BUEERBRIIICIRBIA Y MV EZHET D2 LIXTE oz, L LELH
T2 AR MVEFBEE T 5 2L T, X2 1R Lz o0& 2 & Te o BV RSB &



NTWDLZ ENRBINTZ, ZNHD
BRI E LT EIRIC K > TRRED
HHATHE L bRLEETHD LV D
FERVBEFEHLIL TV D,

IMG),

X 3 1X(OMG), & %= O—KFn D HEHE)
AT MV TEH D, (OMG), DAY b
JTBNIR U T e 2 E RS 12
AR SNIZIRB) AT ML S TR
W—E AR R LT,

ZORMRIRLZE THDHIZHED
LFINETHBRINT, ERZ DR
PRI E D BRI &5 T S8,
BREDEEH & 72 D 7Ol T E 20
EEZONTE [2] £ OHEME
RERE L TS MED IMG 13l
FLF A AL HER CITEIR T & i
W EDRHMBINTWV DM, AIFFRIZ X
ST, HERTITBIRATE 20 BMER
N BRIKDIERIC L » THE SN S
LD EBHALNE RS,

OMG), & ZED—KFupD A7 |~
N 5 & (OMG), Tl =207
T = BNEEOT R o MAFERE A
MR LT\ =oloxt L, AKFTixz
nENG PR TBRHSNATND Z &
DoND, ZIUIKMZEL>TZ 7 A
2 —DXFEN Kb Z & 2 Ek
LTV 25, KR

m IR S,

(OMG-1MC)W,

IMC 1MC %

MG MG
At o
%e"w\w Wﬁfl 'IWMJU mﬂrw VAt M’W H’Mﬁw’
QWMN a % 3624 4379

y . 3677

3227 §
9MG-1MC

35403596
aNH,(G) aNH 20

3000 3100 3200 3300 3400 3200 3600 3700

IR Wavenumber / cm

2. OMG-IMC & Z D —/KF#DIREY AT [ L.
aNH,(C) & Y aNHy (G EZENZEH IMC, IMG DFFO 7T 2/ D S Fr
fhfFREI %~ 9,

QQAG)EW‘i M \W.« \Pl* u’ﬁﬁrl‘\ﬂ,
'f\]»”ﬁp.' n‘ll’i
l ‘ ‘,- oa h 3565

h"'hh' A ot '\r" \ 353 544 3711

3149 3313 33594
IMG),
N\ﬂ

I’ h]

\ é ‘A\‘.-J w.\:!a

w,-m, A

"'|I

1,.'
3152 ;3404 aNH,
sNH,

£57 2 EORBBOLEARE 2N b, Z

3000 3100 3200 3300 3400 3500 3600 3700

IR Wavenumber / cm

X 3. (OMG), & & DO—IKF OIRE) AT L.
aNH,, SNH [ ZZNENT X/ B SO, st BB iRE 2 1~ 3,

—KFN 3 ek

DOREEDRKFIORTHR TEILL TWRNEEZ bND, S HICHEICE > THRLNTZIREI A~

VEDHERIZ LT, ZO—KIMITIKIR LT ZEHSEICRB I NS,
PLED X 512, ARAFFEIZ &> T IMG-IMC K TN(OMG), 1T —/KF D Fij#4 THEFE kO 1N 2 b L

RN EMNEBRIIRE I N, L LAKRIZ
TEFE L ~ULICRSRTE L

il ey MR A Oz e

L AL ETEER L CEHMEFHELZIT- -
TODHIEN A S X7 U BMR S AT

IR TRENT DI ENHALMNE ST, FHEOFEMITIAR A X —(3P020) THRET 5,

[3Cik]

[1] A.Abo-Riziq, L. Grace, E. Nir, M. Kabelac, P. Hobza, M. S. de Vries; Proc. Natl. Acac. Sci., 2005, 102, 20.

[2] E.Nir, C. Janzen, P. Imhof, K. Kleinermanns, M. S. de Vries; Phys. Chem. Chem. Phys., 2002, 4, 740

[3] S. Urashima, H. Asami, M. Ohba, H. Saigusa; J. Phys. Chem. A, 2010, DOI: 10.1021/jp102918k
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A OR[A]7LUDBBRADT R MpFaEEEICET 0K

(GEXAR - ' PNNLY) O2FHT' AFE#' HOEHK' IE=2’
Sotiris S. Xantheas?

(FiR] DI RTLUIIBELLGT R b 3F EDOEBEIEEY (encapsulation complex) 2K %
CENHMBENTVS, AARETHETRDFREL—TF—XZRAL. RRAMFFTHDLAHY
YOR[A]TLU(CAA ZTILTURKEGEEDRFETA M FELE L TAEBEDRELAET
FILF—FERDTE, TOHER. Ar [EDEA T, —AKEECIBF-IEFHEEERATEN
TN CAAICRBENE b M otz ARIRTRHINGDT R M3FITMA, BESFOT
EZT. BHEESFOTEFLUEZRANT, CAADT R M FaEEELIARELIEEERIC
DNTERT Do

[RER] RUA 2 FEO/NIWLR/ ZJVIZEEBE LTz CAA EMBKIESE. YR D FEXFYUTH
R (Ne ¥ He) EDEEGHRAEZBEFERS Ty FELTEHL, £RLEZaYTLY Y RDEFAR
9 RILLIF ARY ML, HBZHFA A B (R2P) ZARY FJL) . FHRARY BIL (Fot-%45 =
FHIE(R-UVDR) ARY ML, F4 I8 IRPD) RRY bL) ZBIE LT, FAITLTEFE
ZEE (M05-2X/6-31+G*$ & U MP2/aug-cc-pVDZ) Z{TE LN REBE L FNARY FILERD,
EREDOUEBEFTE T,

(#E3R - 2] - C4AANH; IV TL v I R

LIZCNETHBILIZCAATVTLY I RDEFARY MLD 0,0/ FDL Y KT ME
ETRANDFORIBERLEDHEBEZERT ., C4A-NH; D 0,0 N2 FIXE/ I—D 0,0 /N> K
210cm* Ly RY 7 R LTW%, THIZAr D& 5 BEBES FADBATEREINDFBEDOL Y

FOO MEEERTMGEYKREL, £ COHEEL C4A-HO D 0,0 N FDL Y KT ME
200cm™ EIELY, CDEERM D NHz & H,0 D F ERBEARMEE (@0 ®w
BT C4A ITREENF=a VY TLY I RERET H A W"\\//M
FiHlEN 5 B2(&(a),(b)[SZF N T CIA & C4A-NH; D IR-UV N
DR AR%Y k)L, (€)IZ CAA-NH; D IRPD ARY RLERY, s o
F1=. (d),(e)ICEFILHFEE(M05-2X/6-31+G*) TR HT==ZD
DEEBED IR ARY bLETRTEBALIEZFARRY ML
[Z C4A DKFFES LT-T 00— K74 OH i#EIRENAS 3160cm™  |ocaanis wen

220

#é I:Fl i [Z L= nas ° erE “'.20 .NH3
MO5-2X/6-31+G* T & 1.
140

OH

OH

=
bt CAA-NH; DiEiE % 1207 CoH (d)endo-CAA-NH3 cale  OH
*® 3 5%, = No CHy e ‘
g8 .l 2
(a)endo—complex & - lll:; //.,—---"' ﬁ—r (e)exo-C4A-NH3 cale OH
20 N‘-’,/// Ar = oH | OH

(b)exo-complex @ 2 D e |

i i b A S gE ~ 0.0 04 0% 12 16 20 24 28 32 36 40 000 Toogp 3000 3100 3200 3300 3400 3500
DX ;E*%JE m wb *L > pr’nl:lrir:'li'ai]ily.-’Il':"24 em3 i wavesumberime]
endo-complex @ 75 LAEEE 0,0 5V KO 2. CAANH; DRI AT bl & &

Ly KL T MEE D4amE FILEHETHLNIIREIRRY b

exo-complex [ZEE~



12.85kJ/mol 1 BRETHD Z Ehhh o1z, REIFET
BD#RE %R 5 & .endo-complex (& OH B#EIREIN S

Y
HLTWELDIZX L. exo-complex (& OH {ifiE xSl ’1;-(’ 1 2*{ ,
M4 DITHRLTHY. endo-complex DFHRARY f‘f{ ,ﬁ&i&

/ -9
FPABRBRILEZARI FLEBRLTL S, ‘;ﬁf 14 A
MP2/aug-cc-pVDZ 5t E T H RIBHRDIERNF ot 1€ )
- —Cﬁ'ﬁﬂ“X’\o7 k )l/a)ttiff't- C4A-NHs (% NH5 fJ‘\W@, endo-complex exo-complex
Stf= endo-complex THHETRELTEY., TR/ AE=+0kJ/mol AE=+12.85kJ/mol
:\"“—EI‘]U%?IHETEO)%E%%Eﬁiis C4A-NH3 (X NH3 fJ{ 3. C4A-NH; DEE

C4A IZNEL E 1= endo-complex TH 5 &R L 1=,
Ffz. IRPD AXRJ FJLE IR-UV DR RRY MLOLLEEMN S CAA-NH; DFEEIRILF—IE
2820cm™* &Y H/NENERTED o=, TDFEIL C4A-H,0 DFEB T HRILF—3140cm™ &Y H/h &
Lo 2OEVEFRAEFNADT R FDFOIBFE—* > DK/ (UNH3=1.472 D, uH,0=1.855 D)
ExtiE L THY . CAA-H,0 DIUBF-TABFAEEMEAM CAANH; LY L RKEWVFOTH S LG
L=,
s C4A-CoH,a>TLwo R

CAA- CoH, D 0,0 82 RIZE/ v—MD 84cm™ Ly Ky
7 LTS, ZOIEIX C4A-NH;3+° C4A-H,O DLy Ko
7 MEE CAAAr GEDQTBHAFOL Y KT MEDH | o o
BDETHS.H4I1Z1%(@)< C4A D IR-UVDR ARG kL,
(b)IZ C4A- C;H, D IRPD RRY MILETRYT, Fi=. (c)(d)
[Z&FILFEE(MOS-2X/6-31+G)TRH = 2 DOREHE |
D IR AR FLETRT, BREILERIRRY FLIE C4A “en|
DKFHEE LTz OH HERBMELCRESh, FZOE l
ORBIEE S T ICHATEER 200m EET sy R o
FLTWS, —7 M05-2X/6-31+G*Et H TI& C4ANH &R |
# 2 endo-complex(B 5(a)) & exo-complex(B5(b))ht18 Hh., %
endo-complex A% exo-complex & Y % 22.72kJ/mol &FE T 4. CAA-Coby DF R ALY FILEB
HdILEhbhotf, RBBAEOHKRERD & FIPHETHONLEBRAXT P
endo-complex I& OH H#EIRENAS 80cm™ AR L TH Y.
exo-complex Tld OH EIREID D RIEMGEY INELY, @) (®)
MP2/aug-cc-pVDZ St E THRIHDERMN BT L 1=, 4%{‘,% ﬂ‘?glfé:f/
endo-complex DR RHRIET7F L UM CH...m TKFHES 4 { ¥’ »
LI-BEEZLTHBY. 7TEFLUDEAIZCK DT CAAD —a
BENEH. OH HIERBOBEN NS -OTHD L endo-complex exo-complex
EADND . SHREVYEBEDOE IR ARY MILERE AE=+0KJ/mol AE=422.72Kk3/mol
L T OH BRI DA RO EEERILT I FETH D,

HIZHKTIL C4A-CH,, CAAN, IV TL Y Y ADHE
BwEIRARY MLIZDOWTHERT .

(a)C4A IR-UV

3(}IUU 3200 3400 3600
IR wavenumber/cm-!

5. C4A-CH, D#EE
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EE/INTKZRDERTE Xe RFDHHMHARE

(EILARRE FH, 2RI, SHILKBER, *REAE, SUBCILE. SEHKET)

O A &, FIE F2, BR 23, )10 ZKAEES. BA Hhis, g 85
REr RS, R A4 KE TS #E &'\ £ B3 /0 . & @3
=M RS, 0O BFbs, N KZ2, &% —4&3

(7] B I BEIREIC B 2 51 - S FEMOgAa e —L v MCRET 2 2 LiIck D, oD
HAABESH & D HEOIREA 7 — L TSV A Z T 2 BIRTH %, Dicke [1] 1T X 524, Feld [2]
512k 3 7 vALKFEN A TOEZBMLE, @R IR 4 25 LR T3 fTbn T E %,
Bz 3 2B L WL WBIROFEBIZ BIET, WRELTAMETIEF 2 VET (Xe)
DHE—JEIREEZ F\ 7, Z OIRBEIZILIIREED & D 1 KT DELIGE 1B I3 EEH & 7 2 MR
BETh D, I, WHBEHIFLEIRE & RO KD RE ZICX D 2SIV ADIREE 54 L AT —
WISIESND 720, BIREDOY v 7V 2T 2 2 Ik 2 TR 29T 2 EcERlick %,
ZITe MYy 7 ABETFIC Xe ZENRECHEET 2 2 L2 ikAa e,

T4 BT A TD 2 [EfE /87 KR (para Ho) [3] 2~ R Y v 7 ABVE L LTz, /S TKFETF
&2 OBUNLMHEAEN LR GERICK D, BFRRTREAFMIRBIZ RS, 2O, Bk 7 KkE
7 A MRS« I E S TINLRIGEVWRETH 2 Z L FHIo T w5, BRI KELZBEE L
THw2 2 LT, BfiHICHBED 6T Xe HTDat—L oy AnHEBWERMAZN12 2 LlIfET
5,

O TR, F TR ST ARFERIC Xe ZEIRIE (~ 1000 ppm) THEEL . 2 B O IRiREE
L HWELEIRBICEBR IV 2 LZHELT, Xe DEFIRED 2L X —#iE%Z VUV BN EE
L —F —FFHEaOtk 2 o CGRR 7,

(5255 & K5 v 7RI, Xe & para Hy DIRG A A ZFR ISR EAT 2 2 & TIT> 7% (ra-
pid vapor deposition) , FEMRUIFESBHEIC X D 4K ITHHAISNTR 5, SENIHEIRE WY v 7
WD 7 DI EMIT TR 2 MgF, BT E 7z L 2 v, R E T IR D A A & Hati
% RE(LT 5 2 & T15 mm x 15 mm x 10 mm YA ZDEHLFEMEZER TS Z LB TE R, Xe
JEFDHEEIL, FT-IR 730G C/RRDIRBRIEHGER DV 773 F 2 Blll§ 2 2 & THEER L 72 [4].

LIZKMHTD Xe JRFOEF T 3L — M 2R, BEREEIX 1S . 55— iREEIZ 5p5 (2P3)2)
6s [3/2] (6s [3/2], LW&ED) TH B, HIBD X H 2, Z DIFFDIRAE IZILEIRED & DB L AT H
208, L T EIRETH B 65 [3/21 IR LTIREFAETH D, 2 I TETEE ST AEFD
Xe D 1Sy > 5 65 [3/2]1 DESZ VUV I HIC X D FRL (K1 DRAF—24(1) , BhEEEEIZEK
RKI v T 2T/ 71X =8 TRIGRE DWRAMKAFNMEZ PR T, 2B E N/ AT P VR
¥, B 9.0 eV (72500 cm?) IZE—27 %2 b BifiEIZ 0.2 eV (1600 cm) TH B Z Ldibhr o7z,
S EDTNIE6% DTN—2T7 FTHD,

RIZ 6s [3/2] REBIZOWTEREZHR L 7-DIZ, 6p RE~DJIEE UV D 2 TERITKD
ol (M1DAX—2A4(Q2) . 6p RS IFRMTIEEL T BTHHRD 65 RE~NFEANT 5 Z &5
HMoNTW2 [5], ZOHIETIE 2 ETRIEED 6p — 65 DFNEZBML 72, UV iz, -/ %



[em1] 5p° (*Pyy2) 6p[1/2], leV]
80000 - S r')pi’ g-:i){_,]} (ip{ﬁz,’:zil - 10.0
. o == op" ("P3/2) 6p[3/2
L op’ (*P1/2) 6s [1/2]; —_— :—’I’j (21,.:‘:2] ﬁl'[r’:‘lzli
B TS 5p° (*Pyp) 6p[5/2], |99
75000 [ 5" (*P1/2) 6s[1/2]5 5p° (%P4 2) 6p[1/2],
emission ) 490
70000 | PR two-photon excitation
5p° (*Pyy2) 6s [3/2]; 485
by pulsed UV laser :
59" (2Py2) 6s [3/2)3 ]
% (1) g
) 705
VUV absorption
by Dz lamp
o- — -0
5p% 1Sq
Nd:YAG L —#—iiiED L —+ =26 DO HiJ1% BBO 09/
mZHWTEREZ B2 LI DB, R3IZRTE I I 08"

HLE R 235 nm 126 LC 730 nm fHEICH—DFEE— 7 23
Rohr, BiRZE &z 50 com? THo7, TD 6p — 65 D
I3NX—7% (1.7 eV) &, VUV WIHIE TR 5 117z 6s IR
BOIZFILX— (9.0eV) BXU UV 2T REEEHIE T
Fone 6p MEOZZALF— (106 eV) & LV—EZR
P

PLETHE s AT bLIiE, kT KEHOS T DR
BREER T RICBNINTEL DL DAk 7u—F
HREZ R LTV S, ZhUd Xe DE TS 2\ I3RS
X0, IR & HORE O T KE S T O AR R T v
S NDENT B THLEEILLND [6, FlInE
THOEZ A, 2HTHEED 6p 6 DERTHREINS 6s
[3/2]1 & 65 [3/2]s ~"DEBEBARY bV ETHEETE T
B\, ARY PV OIERBREEER X OXFaOMEIC LD
FHART PN ERFRICHTHRD 2 & ToHEETE 2 EEED B
%, £72 65 [3/2]1 RED S IZIIREANDBELITATH
DT, 2MTIEEIC VOV iz =9 —795 2 LIk
D, 6s [3/2]1 D HIEIRE~NDERZBM T2 L b
VX -Gz A% LTHETH S, oD HAICD
WTHHET 5,

(>CHik]
[1] Dicke, Phys. Rev. 93, 99 (1954).

Juy

e
o

absorbance -log (I/Io)
o
o

e 9
o = i
e RN BAREE A

X 1

SHHTD Xe DI FNF -],
i ih 1 FL IR B2 5 D T R L
¥—, 2F—24 1) & Q) ZZ0Hf
8 TIT o T [EME8 Z KFE R TD
VUV IRUIGHIES X O UV 26T
JIEEHEME 2 738 T,

e
N
 ABEEAR:

o S
'S
 REREERE R

o
w

Xe/pHz, 10 ppm
Xe/pHz, 100 ppm
~ Xe/nH,, 100 ppm

6s[3/2]1 < 1So

105 10 9.5 9 8.5 8

excitation energy [eV]

2 Xe/H, DVUV IR AR 7 F )L,

photon counted [arb.]

background

1000 ppm —*

500

X3 Xe/Hy DHEHAXRT L,

550 600 650 700 750 800

emission wavelength [nm]

W 235

nm D UV 2 KT THiEBEOFHIEICE 2D

0)0

[2] Skribanowitz, Herman, MacGillivray, and Feld, Phys. Rev. Lett. 30, 309 (1973).
[3] Momose and Shida, Bull. Chem. Soc. Jpn. 71, 1 (1998).
[4] Raston and Anderson, J. Mol. Spectrosc. 244, 138 (2007).
[5] Sabbagh and Sadeghi, J. Quant. Spectrosc. Radiat. Transfer 17, 297 (1977).
[6] Tam, Macler, DeRose, and Fajardo, . Chem. Phys. 113, 9067 (2000).
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BER/NSKFRICERT D Het 5 DhILA A+ 2D ESR 53R

(FRFHHE, 2RI ORREARZ, FKBKX", EAHM-

[KBEFIHNAF o DZINETCOHE] He DS
SRR o THE U B Hot A A 1,

MP2/cc-pVTZ

H:t+H: — Hs*+H (1)

BT £ o T, BRRFICPABIE 2 F5> Hatb 72 b, He
DE BT EBRICEB W TBIRI S D FARKRA A0,
Hst B LU O He & OBEAER Hs*(Hon &> 72 7 E0K
FA A ThD, —F, Kirchner and Bowers [1]i3,
ENZBI SN D BEKRFA A KRBT INA A
V) OFTH, Het >> Hgt > Hiot > Hat &, FFEMIZ
He B WIEE RO Z L2 B L7, 4% 513 Hst(Hs")
72 & OEAIREZHEE L Montgomery and Michels [2],
R - @8l Het©72 <, Het% 2 7ITFFD Daa xR
YD Het T A v O 2 Bag T3 L 72(X 1())
W, FRIZEDEEN R SN WEE Th o7,

[ESR I & B Het 2227 MLVOBR] 4T~ 13, 1 H'E H O FRER]. BRI
2R T LIS, v BB L E kST kHE(pHy), A BRANLERRIBHAEE. TRIE
%0 p-Ho-D2(1-8 mol%). p-Ho-HD(1-8 mol%) iz, o AEVEE
¥ —7 7250 RIZH KSESRIEEEH - ICHBNT 5 2 &

(kB L7z[4], BERREE & Dlign 6 T 51K 1 IR T Het(D2a) & . Z ORI E Ha
K HsD*, HiDo*, HoeDs* O b D THD Z EDRHIA LT, 74 v T 4 712X W IRE LTz HFCC
ET PRI IER I < . ) 1-4 O HFCC E TR T — ¥ Z 12T 52BEICHBL L T\ 5,

4 K T 3 kGy PREHEFZ AR5 Hetld 104 ppm FRETH Y . HIJEF T ¥ 00K ppm)=e,

BT (<102 ppm) (THEARTIEML D TS,

(61 X~V v 7 FoR—] EEOKFESFICRYBEENTBERATRKFZERTSH, B
ToKFBTOHINAF T He TS Hiot ©h Hot TH < Het Th D 2 LI HBRE, KET
CHNAFTNE ST 6IE~TT v I T o N—=2DOTHbD, B« mPlE He', Hiot, Hio*, Hia*
D FRPUEFHEZITO EERICLEF - AV VEELSMAN L B, 2 H13dH < £ T He'(Hoh
BEEKOMWEEZLSZ EE R L, K1 3-4, 56 @ Hzit, 1-2 ® Ha*-core X2 eV



o
(a) inp-H,

—

o
oHs

2044 20.44

(b} in p-H,-D, (1 mol %)

~~ Hy*-core HyD5*
E ------------ *—0

21.83 1943 1.44

+ e+

[ R R

® H,*-core H,D* .,
P

21.24  19.86 1.40

s e 88 &

¥HD*-core HzD*

305 310 315 320 325 330 335 340 345 350 21.02  3.02
Magnetic Field / mT Microwave frequency: 9.267642 GHz

2 y #BHLEE/SSKERD ESRARIRL, m#RIEED HFCC EMT)ZEAWVLTISalb—kLE
LD, WED H, (¥ 4K TEEHEYDOEZEEFH J,, = 0. [, =0 DBAELEBFHEMS1-6. £D HFCC
[Z&% ESR EESDHHIFBAISNLL, BSLYP/6-311++G(3df,3pd)[kS HFCC DEHI{EIL, a7HT
20.079 mT(D [ 3.08 mT). IHEET 10.263 mT(D (& 1.58 mT)THY . RERBELIEFITELY,

DFEE T XN —ZFODIZX L, 4D He & .00 HetOFEA 13952 0.04 eV TH 5,

[RALERHERIE]  p-HeDa2(1 mol%) 24T 5 Het & HaDot DAk EIT 1:4, p-H2-HD(1
mol%) ' ® Het & HsD* DI 1:2 TH Y | #Hatiy7e Tl L 0 @A RN AR E AR AR L
TWDHZENRDND, £7-, HeOFIE p-H2 IS5 D22 HD OEEHIMNE & H 1T
F< bz b R L [6l, 2oL, RN ARG,

Het + D2 = HsDot + Ho + 17 meV (2
Het + HD > H;D* + Hz + 8 meV (3)

NEX7ZZDTHDEEZLND, BERIRHIT XL X —0OZITER T 2 BT 2L F—3,
4K@ﬁi*w¥~(04mwvibiéﬁ IREWEYD, WRISMIEZ TR,
X, BFEREEEIZBIT D Hst D RNV AREE NS & 42 < A LT%%T 5B,

=N
[1] N. J. Kirchner and M. J. Bowers, J. Chem. Phys. 86, 1301 (1987).
[2] J. A. Montgomery, Jr. and H. H. Michels, J. Chem. Phys. 87, 771 (1987).
[3] Y. Kurosaki and T. Takayanagi, J. Chem. Phys. 109, 4327 (1998).
[4] J. Kumagai, Y. Shimizu, T. Kumada, et al., J. Chem. Phys. 127, 024505 (2007).
[5] Y. Shimizu, M. Inagaki, T. Kumada, and J. Kumagai, J. Chem. Phys. 132, 244503 (2010).



3A06
IRFACO' A A v DAFIICRBEA T S v & BUAL - BRI

CukBes' - 578 Ol —8', Kig fz', &8 B2 48 #E
+4 W, ol E2 Bs

[Fiw)] Wik 288 A 42 L AHOEE S TREE OMEIERNL, @BA 42 ORIGHEIC
RERFBERIILTCND. ZOLI REBENDG, &RA A LIS T8 & OSSR E R
WL~V TRAT 5 Z L1, @RISR Y VX7 0 2md L TMRO TEETHS. EE
GBA AL OEBERIC OV T, TAE TICBPSI R R A = F L — ORIE R & L ER AT
b, FOMRIZESWTHR SN TEL., ZOME TR —D BRI BN DI
%, BBOMIEICL S TRARLIENMGILTEY, &BRAF L OME B LOARE RENZED
WIS IS | B 52 CODEHEZR S LD, HIFEE CIEBEIL, Cu' ROV DK IEE R E L
TWA[1,2]. AAFFETIE, Co'DKRFIEIGEZFIAEL, Co A4 MR BN EE 2RI 2 & &2 A
HL7-.

[EBR] % v 7 AT EME RS & 8T A DY w7 SHRIC L0 84 SERAEE VT
KREATofo, L PRI L VR L Co e EHY = v MEIZL VAR LAY T2 7 2
Z—IZE VR L, Co'(H0), &Rk Lz, EEIRFIFRASMEES HIEIC L RIS AT W%
BIE LT, £7-, BEILBIHEROFTIEIZL Y, Co'(H0), DR EMSE EREN ALY ML EFE
L. 'ATRI FTETE NTRTI NVREE FRRT
(R L BE] Co' (H0), (n <3OV T, Co-H0 n=2
FOFAE =R F—RRAHF =R LF—L0 K
TN, SRR REEN L = FLMREEAR = R
Bonewv., Zokd, Co(H),IINZML 7=
Co'(Hy0), Ny D IEAREE A~ L& L=, [ 112
n =23 L3220 T OOHMNHEEFER O 7R F4 -t fiF
BEA 7 MV ERT. WTROBA L, KT OXH

(v) BEOWXRF (vi) HREREIBRD N B2
BHISN TS, vi/vy Ny ROE—7 I
3617/3695 cm™ (n=2), 3625/3707 cm™ (n=3)Tb 5.
RIS R DI & B 720, B — 7 B MR 2 (2L
SRS T DAE(3657/3756 em ™ )IZITS VTNV 28R . |
HHD. DFTFHRIZ X V15 5 72Co (H,0), D% EHE EEEN BARZS RARLE RLRLY LESR
WX, n=2 DNEME, n=3 BTTROEERN ST 3600 3700 3800
otz n=3 OTFEMEIIE, bI 1 HFOKSTF Wavenumber / em’™
MENLT DRHBH D Z LD, Co (H0) DS IL 1. Co'(Hy0), NyD RIS AR ife A ~2
PHEUAERNC 25 ETFHRISND. 7 kv EDFTRFEIC X 5 Co'(H,0), D

22 TEA IS

Normalized Intensity




X 2 (ZCo (Hy0)y No DRI IfREE 2~ 2 kL & DFTEHEIZ X % Co' (H,0)s D EREE B L OV ZF D
REhART bvERT. FRIES O FRE A B O @GR 20003 G b0, & EREIT
4 FHODIKGFDGE 1 AKFNE D 2 DK F % 2 KOKFERHEIT L AUE L THS 2 AKFnkE % TR
L7=G+DAREE(X 2b) TH > 72 Co (Hy0)4No®D 247 FuiiziE, 3600 em™ LLUF OfElkIc
RBBI SN D, ZHiE, Co' (Hy0)yNolZlB W T, [EECo IR BT /KFEFES 2 LT 2 K
a2 5D KD FPFELTWD Z EEEWT H. DFTRHAIC L 2 G+DHAREEOIREI A~ 7 ~ L
HEBDO AT MLERBN—FEZRL TS, NpZ I LARIRSRE T s 7 2% — A 42k
W, TRAF—(Z U X E)ICHRZ2EENBHI S LS. L7z > T, Co' (H,0),D %
EREITIGHDAMEE L WD Z 227y, DFTRFEOFERERENEMTOND.

Co'(H,0), (n > HIZHOWTIE, NpZR L TARY MERIET S Z ENTE 2. K3 12Co (H,0),D
TROMVEFREEEA 2 RV EDFTRIFRIZE DG+DA L TR 72D 3 BNAEER L OZ DR AL kL
AT NpZ ML TORWGS, WXL =R RE WAy MEFETICBIT A7 b
DRSNS, Co' (Hy0)yNyD AT RV E TRV, Co (Hy0),D AT R, 3300 88 L
3140 cm™ fFITIZ 2 DD FRBIEND. 25D R, 4 FDODOKS TN 1 AKDOKER
B LTHE 2 KFNEZ 5 5 (3+1)BE L OG+H)CHE IR E TX 5. 3+1)BEB L UG+ CHEE L
KFEFEGN 1 ROZRTH DT, G+DHARE L LT, Ko TOEBHOHHENKEL, =
M E—IZERTHL. 0D, Ky MeFEMETIZEWTEGH)BE L UG+H)CHEE OFE %] H
MHERLE-EEZOLNRS.

L L L l L L L l L [l [l l [l 1 [l L l L Ll l L Ll l L Ll l 1
L3+
g o o & GTDA (b) g‘ P94 G+DC (b)
g 3 o} S :
= Sy = 3
i oo J:%jlu\
O @0) ©) G & ©
o 2 ¢
Gl | P4
o .
' 2
L l L L L l L L l_%
3000 3200 3400 3600 3800 3000 3200 3400 3600 3800
Wavenumber / cm’! Wavenumber / cm’!

X 2. Co'(H0)y N, DRI SEFREEA LY Fl(a) X 3. Co' (H,0)DARIEAREE AT |+ 1A(a)
EDFTHEIC L D 1F 5 4172Co (H,0),0 & DFT BHRIC KL W S b ZEMIER L O
ZERIER L ZOIRE) AT | L(b,c) Z DIRENA T | JL(b,c)

[ZZ3CHR][ 1] T. lino et al., J. Chem. Phys., 126 (2007) 194302. [ 2 ] J. Sasaki et al., Chem. Phys. Lett.,
474 (2009) 36.



3A07
L—Y—Bilf - BEED Y MEICKDSIBRERTFF
Z-Pro-Leu-Gly-NH: D& F - #REIANY kL
—SRHEPORELZAVITA A= a3 VDEERTE

CRIK « EIEAEL, SRR - B 2)

[FF] 345 DNA 2 1 &8 AT S5 AR OBy T O @
HE % SAH CORGERIE IS D SR 2R A7 > T ' N I
VB, BRI ARG 31T B RREHE R E 00 4> TR R 2 3K z,&
PR O IET TR < S RFERIC b FE T ITBIR R T E
—< Th D, 0 Rl fe Tl OSARNREVIC L VFEFE
ZREBIER L TR Y . T OB A REBICEE T A O3
LR 72T 7 —F BRI K TH 5, Fig.1 Z-Pro-Leu-Gly-NH2 O s
ARIFIECTEY IS % 358H~T7"F K Pro-Leu-Gly-NHz (3R FEH 2R T F R THDHAF T b
TUDEHGHIETH Y TR E L TEHETH S, M7 F FOMEEZH~<5 LT, W&
WERFOT I VS NVARX VIO GEIINTF FEHOKE R/ E Ry N —7 OBREEAELT
[1][2], 5~ THE 7 F RIEAH O IEM 5155 72D, F0Ic) v 30 & A CEREEIC
DT 5 L9 RGO ZFEENAT O MWERH D, DT, N K|z ¥~ o (Z-3)
TX v v 7 LIz Z-7F K(Z-Pro-Leu-Gly-NHs, Fig.1 ) Z 7=, ZDOX7F Kz L —H%—
Wi - T Y = v MEZEA LT, BRI ZARE T2+ 1 4 L {L(REMPI A2~
kL, UV-UV R — L R—= 0 Z(HB)AXZ kL, IRdip A7 hVERIE LTz, T8 15
FROBTACEREEZHWTRER AL T 4 A—3 a2 & F ORI AT MLZRD, BB
BLtigddZLicky, BAISNZary 73 A= g OREEZIT-T,
[528%] Z-Pro-Leu-Gly-NHa |3 R #EEFM: - 24

=

SR CH DT L — P — s 2 FHv N -, 4y 3
v RV I RELTCT T 774 FIREIREL .

% Z1C Nd*YAG L—F— DAl 1064nm g oA -
RS L, Wik - ]fbs¥ 7, ZhER LR

RATHES L7z Ar T A(L EAJE : 20 bar) THF Y 3 y
LitL, BEERY =y Mz, Y= v b uv, Juv,
S

B OISR Z-Pro-Leu-Gly-NHs |85k L— Sy oo : R
Fig.2 a) HB Z3)tiER L) IR dip /0 k0 5

|
TEREE 7T 7 7 A M 4 AZIEICEBA L, Ve L o
—

P —% RS L, REMPI 3 YiEIC K0 A8
7 MVERE Lz, ZOFETRHEGET L a0 73~ — OB FEBRNRFHCBR SN 572D, HB
SEERANT IS Z XA LT7-(Fig.2a), & 1 D%EN L —F—(UVDEBEED L 7 3 ~—0D%E
FEBT RV —ICEETDHZETHED L 7 4~ —DRERIRIICA T AbT 5, ZDAF
VEEE=X—LENLE 208N L —V—(UV)Z UV LY L Enc S LI ER519 2 &.UVe
NE BT RLX = LBRIC, BRI X > TREREDO ) T3N3 5720, €
==L TWbA A EmENBOTH, E->T, UVIIZ LS TELUDLA A% UV DI EITR LT
Tay hTAZLICEY, UV CRBIR L ED A 74 ~v—DBTEREA T BEORDE L
THiIHT 5 Z &3k D, WIC, KB LIz 7 3 ~—2x% LT IR dip 2 tiE A LSk 2~
7 b VERE U= (Fig.2b), JFELT HB 70560k & AT, UVe Ofb 0 IR AR L—H—
T D Z L THRARINE A A BORD & LTBIIT S, ERORIALT L&
AR CHEONDIHEGRRNA AR M BTS2 ETar 7 r~—0OFiEERE LT,



[#E 5 - £22] Z-Pro-Leu-Gly-NH2 ® A4V W y MW\
VU E T D Si-Sg REMPI A7 kL i A )
% Fig.3a loRd, % 150 cm! OFEPHIC 5 b) HB \/\an
$®%wﬂyFﬁﬁMénto@§ﬂV7 T
7r<7~0>itf®ﬁ4ﬁmﬁn 4% 72Hic HB 137448
StiEEwEA LT, Fig.3b lZid 7 v —7
% 37448cm [Z[HE L CTHIZE L7 HB A<
7 bV a59, REMPL 2227 kL CELHI
ENEZBEARDARFD YL, FRbLBENS
W3 ARDODNRR1 DO 7 4~<—ITH 00 al) BEIMIPII o .M
kD ENDhoTt, ZTHHDNAY R 37400 araso 37500 37550
FY N RIB~E+ em! UNICH Fig.3 a)REMPI 22 h/L b)HB A~ kL
Lz, RXTF REHBEORTICE KR
T — FOREBEAAL FTHD ERB L,
F 72 REMPl A7 M VORREELED S 1D
DEEA L T+~ —IAANER+T 52 L
Boamol, ENTIDAAL a7 x~
— 2% LT IR dip 4 M L

gy WANMA

fermi?

(Fig.4a), NH i feisic 5 A0/ FHs@l 3340.7, 3365.5

M =727, Z-Pro-Leu-Gly-NH2 1% NH %

ZAEG O, 4 KON R UGBS Gly NH
NRWET T D, 1 AL BMESNTZH |scaling 0.953

KX Fermi MBI L2 R LB B b, ) NH3 syml Leu NH |NH2 anti

Mons HiZ kb &, XTFTF FHDKER (RURVENSUAIS N SNSRI SN S ——
& U7 NH R E1E4 3490cm ! 1= & 3250 3300 3350 3400 3450 3500 3550
HISHD = L s STk (3], Gly it Wavenumber / cm
Nz Leu @ NH (345 %lj‘]ﬂ(;ﬁfk/\%fﬁ/ﬁk Fig.4 Z-Pro-Leu-Gly-NH: ® a)IR dip A7 kL. KX
LTW5Z &Ry o7=, Fig.s, 4b)IC & b)B3LYP/6-31G(d,p) L~V TIE LB IR A7 ~ L
m%%ﬁﬁﬁ%ﬂtﬁﬁﬁﬁﬁk%®ﬁ%
RN ART M VRS, HEERE b NS
REVEGHE X B3LYP/6-31G(d,p) L~V T
To72, Gly ® NH A3 K& < K Hl ~
7 RLTWAHTESD, FBXUUNVEO IV
W= VEEFE & RO KRS Z LT
HZEBRBRIND, D C=0 i)
BOFHEEIL 1667cm TdH 5 DT, NH fif
MaREN L & C=0 HfiEiRE) 2 (5 & DT
Fermi A Z L CWDAEEMENRH D,
A% I NERGET 572012, T— REOD
v 7 U7 BB E U IR R EN G R AT
ITETHD,

Fig.5 HERGIHLIC & 0 15 b NI e e

[1] I. Hunig, K. A. Seefeld and K. Kleinermanns, Chem. Phys. Lett, 2003, 369, 173.
[2] A. G. Abo-Riziq, J. E. Bushnell, B. Crews, M. P. Callahan, L.Grace and M. S. De Vries, Int. J. Quantum Chem., 2005,
105, 437.

[3] W. Chin, F. Piuzzi, I. Dimicoli and M. Mons, Phys. Chem. Chem.Phys., 2006, 8, 1033.
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( ) o
DB18C6 (H20,NHs,MeOH,C2H>) DB18C6
DB18C6 1
He
LIF UV-UV hole burning IR-UV
(A) DB18C6 DB18C6-(H20)1
1 DB18C6 LIF ml, m2
a DB18C6-(H20)1 origin 2(a), (b), (e)
ml, m2, a CH IR-UV
ml m2 DB18C6-(H20):1

(e) alkyl CH 2
a

DB18C6-(H20):1

flucrescence intensity

2 mi ( w\‘
(©). (d). () (9)DB18CE-(H20): ,LJ“M‘WJ V»JUM
IR (g) HZO 35600 35640 35680 w::::m‘,;::::-‘l 33800 35840 35880
cavity boat 1.DB18C6 LIF

boat methylene CH

M@ IR o

oy
Dl

(e)
(c), (d) boat

(f) boat

NHs, MeOH, C2H:> (g) boat_H,0

L B B T T T T
2750 2800 2850 2900 2950 3000 3050 3100
IR/ em-1

g @)
mi, m2 DB18C6-(H20): {e)*ww 0
i ) o
DB18C6 -

2. (a) m1, (b)m2 (c) DB18C6-(H20)1;,a  IR-UV
(B3LYP/6-31+G*) IR



IIIIII]lIII]I‘IlI]l]lIIIII

(a) NH, . (a) m2
2
_2 ;
8 (b) H,O
na (b) MeOH r
30 ek AT Wy
S | (c) C,H, (d) boat NH,
o 2
211 i | I
' . | |\
: (e) MeCH *
T ] T I T [ T I T l T [ T I T l 1 *
35600 35640 35680 35720 35760 35800 35840 35880 WW\MW’
wavenumber/cm '
3 (2)NHs, (b)MeOH, (c)CzHz LIF () CH, 1
(B)DB18C6- NH3,-MeOH,-C2H:> \9) G2t 2
3 (@)NHs, (b)MeOH, (c)Cz2H:2
LIE 2760 2800 2840 2880 2920 2960 3000
IR/ cm-1
4 () m2 DB18C6 (b)-H:0,
(c)-NHs , (e)-MeOH, (f), (g) -C2H2 IR
5
4(a), (b) m2 DB18C6-(H20)1 CH IR
(c)DB18C6-NHs (e)DB18C6-MeOH (f),(g)DB18C6-C2H2  methylene CH
IR (d) 5 IR
DB18C6-NHz H20 MeOH CoH>
MeOH 2820, 2970cm-?
methyl CH ( )
DB18C6-NH3z -H20 boat DB18C6-MeOH, -C2H2
DB18C6-NHs3
(d) NHs  H20
boat MeOH CoH>
DB18C6
5(@) DB18C6-NHs: NH IR
3310 3400cmt  NHas
(b)  boat
NH3 {a) NH3 .
R e Mot
DB18C6-(H20)1 ol i
boat : {
cavity 3200 3240 3280 3320 3360 3400 3440 3480
IR/ em-1
5 (a)DB18C6-NHs IR (B3LYP/6-31+G*)

NHs3 NH IR

H20 boat



3A09
NO;

NOx

1980
Ishiwata [T. Ishiwata et al., J. Phys. Chem. 87, 1349 (1983)] LIF(laser induced
fluorescence) (0,0)
4 3 v = 1060, v3 = 1480, v4 = 380
cm! Kawaguchi, Ishiwata [T. Ishiwata et al., J. Chem. Phys. 82, 2196
(1985); K. Kawaguchi et al., J. Chem. Phys. 93, 951 (1990)]
1480 cm™' E-type
1492 cm™
Hirota [E.
Hirota et al., J. Chem. Phys. 95, 771 (1991)] B
Stanton [J. F. Stanton, J. Chem. Phys. 126, 134309 (2007); Mol. Phys.
107, 1059 (2009)] Koppel [H. Koppel et al., Adv. Chem. Phys. 57, 59 (1984)]
N-O
Ishiwata 500 cm 1000 cm™'
Jacox [M. E. Jacox and W. H. Thompson, J. Chem. Phys. 129, 204306 (2008); H. Beckers
et al., ChemPhysChem 10, 706 (2009)] Ne

B
Ishiwata assign | Stanton assign I1
Stanton 1000 cm™ V3
1000 cm' “vyo 7
10
1492 cm™
assign II v3t+vy V3tVa4—Vy
assign I
Fa4
F34 SO3

Fa4 XY3



SO;
1. NO; SO;
“NO; SO;”
vi(em ™) Fy;(md/A) | 1053(from LIF) | 10.449 1068 10.748
vy(em™) Fpp(mdA) | 762.327 0.8450 497.55 0.824
vi(em ') Fa3(md/A) | 1492.3936 7.392% 7.956** | 1389.86 10.537
va(cm ) Fae(mdA) | 365.6 (in Ne) 0.4139* 0.3959** | 530.18 1.233
F14(md) 0.0% —0.3%** —0.460
“ A.J. Horney et al., J. Mol. Spectrosc. 45, 253 (1973).
Fiui Fn 2 NO;  Fs3, Fuu
N-O NO [C. Amiot, J. Mol. Spectrosc. 94, 150

(1982)], NO; [Y. Morino and M. Tanimoto, J. Mol. Spectrosc. 115, 442 (1986); Can. J. Phys.
third-order

62, 1315 (1984)] “ ?
anharmonic constants: Fy;;, F333

NO;  third-order anharmonic potential constants

Fi11 = Fi3a3a= Fisp3p = —45.0 md/A%, Fi22=-5.0 md,
Fi4a4a = F1apap = —0.4 md, Faasaza = —Fasb30 = —28.3 md/A%,
Faada4a = —Faapap = —0.4 (-0.8) md A
o constant s’ 03°
[cubic potential constant kiz3 =-329.9 cm’

]

{-type doubling constants: (3, Q4

cubic constants: Ks33, Ksza; Kias, Ksas O
o /3
2 Fas 2
Assign | o, g constants
1
\& hs (O£ + 0 £4)
. ” (a2) (St + S£y)
Jahn-Teller £
Assign 11
P34

11, vs B,v=0

Assign



3A10 Studying Infrared Absorption of Reaction Intermediates Using
Step-scan FTIR and p-H, Matrix Isolation Techniques

(Department of Applied Chemistry, National Chiao Tung University)
Yuan-Pern Lee

Among several techniques employed in our laboratory for studying transient species in
chemical reactions two will be discussed. We developed the time-resolved Fourier-transform
infrared (TR-FTIR) absorption spectroscopy to investigate IR absorption of gaseous transient
species. A flow reactor with a multipassing UV photolysis beam and a multipassing IR probe
beam is coupled to a step-scan FTIR spectrometer with both dc- and ac-detection to record
temporal profiles of the infrared absorption of reaction intermediates. IR absorption spectra of
several reactive species such as CH;00 [1], CH3SO; [2], CICOOH [3], and CH3C(O)OO0 [4]
were recorded. Spectral assignments were made based on reaction mechanisms and
comparison of observed vibrational wavenumbers and rotational contours with those
predicted quantum-chemically. The identifications of two conformers of CH3C(O)OO and the
determination of the relative energy of these conformers will be discussed. In the reaction of
CH3CO + O,, absorption bands with origins at 1851 = 1, 1372 £ 2, 1169 £ 6 and 1102 £ 3
cm™" are attributed to +-CH3C(0)OO, and those at 1862 + 3, 1142 + 4 and 1078 + 6 cm ™' are
assigned to ¢-CH3;C(0)OO. A weak band near 1960 cm™' is assigned to o-lactone,
cyc-CH,C(=0)0O, a coproduct of OH. The observed relative intensities indicate that
t-CH;C(0)00 is more stable than ¢-CH;C(0)OO0 by 3.0 + 0.6 kJ mol™'. Based on these
observations, the branching ratio for the OH + a-lactone channel of the CH3CO + O, reaction
is estimated to be 0.04 = 0.01. A simple kinetic model is employed to account for the decay of
CH;C(0)OO. Preliminary results on CH3;0SO and CH3SO will also be presented.

Para-hydrogen (p-H,) has recently emerged as a new matrix host. Because of the
'softness' associated with the extensive delocalization of the H, moieties, new characteristics
of molecules isolated in this quantum solid are explored. We demonstrated that the internal
rotation of methanol persists in solid p-H, by observation of splittings of the E/4 torsional
doublets in internal-rotation-coupled vibrational modes [5]. We also provided direct spectral
evidence that CHsF isolated in p-H; rotates about only its symmetry axis, and not about the
other two axes by observation of two weak absorption lines from the £ (K = 1) level and one
intense feature from the 4 (K = 0) level for degenerate modes vs—ve of CHsF [6]. We
demonstrated another feature of solid p-H,, the absence of cage effect, by reaction of Cl,
produced from in situ photodissociation of Cl,, with CS,. Absorption lines of CISCS, not
CICS; or CIL,CS,, were observed at 1479.5 and 1480.8 cm’! [7]. This feature opens up a new
method to prepare free radicals by barrierless reactions of atom and molecules. In the reaction



of Cl with propene, lines at 1382.2, 1214.7, 1149.6, 1132.7, 1007.6, and 649.9 cm™! are
assigned to 2-chloropropyl radicals (Fig. 1). Only 2-chloropropyl radicals, not 1-chloropropyl
radicals, were observed in this reaction, in sharp contrast to what is generally accepted in the
gas-phase and solution chemistry. This demonstrates a preferential attack in the addition
reaction of Cl with propene in solid p-mz (Fig. 2). Possible reason for this selectivity will be
discussed. We can also produce free radicals via in situ photolysis which is difficult in
noble-gas matrices. Production of CH3S from photolysis of CH3SSCH;, CH3SCHj3, and
CH;SH and the first identification of the IR spectrum of CH3S will also be discussed.
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Fig.1. Experimental difference spectra (a—c) and simulated
harmonic IR spectra for the 2-chloropropyl (d) and
1-chloropropyl (e) radicals in the regions 550-770 and
1000-1220 cm ™. (a) Recorded at 3.2 K upon annealing of a
C3H¢/Cly/pH; (1:1.3:2000) matrix to 4.3 K for 1 hour after
deposition for 5 hours. (b) Recorded at 3.2 K upon irradiation
of a C3H4/Cly/p-H, (1:1:2000) matrix at 365 nm for 5 hours
after deposition for 10 hours. Annealing was not done prior to
365 nm photolysis. (¢) Recorded at 3.2 K upon irradiation of
the matrix described in (b) at 254 nm for 4 h. Annealing to
4.5 K for 50 minutes was done prior to 254 nm photolysis.
(d) and (e) Simulated spectra based on the unscaled harmonic
frequencies of 2-chloropropyl and 1-chloropropyl radicals,
respectively, computed at the B3LYP/aug-cc-pVDZ level of
theory, with a simulated half-width of 0.5 cm’ and a

resolution of 0.25 cm™.
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Fig. 2. Minimum energy structures of
the Cl,-C3Hg complex in the gas phase
(left panels) and within a model
hexagonal close-packed lattice of p-H,
(right  panels) calculated  witht
B3LYP/aug-cc-pVDZ. Panel (a) is a
view looking down the CI-CI bond axis
and panel (b) is a side view ~90° from
that displayed in (a). In the p-H, model
structure, the p-H, molecules are being
represented by single pink spheres and
some para-hydrogen molecules have
been removed to reveal the structure of
Cl,-C5He.
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