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The analysis of NH stretching bands of intra-cluster proton-transferred PhOH-(NH3), >6
(Tohoku Univ.}, National Taiwan Univ.?)
OMarusu Katada', Kun-lin Ho'?, Ryunosuke Shishido*, Asuka Fujii*
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Cold gas phase 18-crown-6-benzenediol complex: excited state lifetime elongation
accompanied by structural modification.
(Hiroshima Univ.) oFumiya Morishima, Ryoji Kusaka, Yoshiya Inokuchi, Takeharu Haino, Takayuki Ebata

[Faw] A amE LT MONTWD Y 77— L(CE)IX, TOEROKE ST L
TR 3o A v LR RANCLE R ETERR T 5 VA XBIRME A Ff o 7o RelE D+ CTh 5,
ZNETHL OMFEETIE, THEEHT T CE &HFn & OuBHEOM R Z21T-> CTE T2,
ZET7 = ) — Vo D CE OEEERICI T 2 A XEIREDISETIL, 7=/ — A5+
I% 18-crown-6(18C6) & K HLAIZZZE /R B A h-7 A "R ETERR T 5 Z L3y inoT2[1], AlalFk x4
IR A Ny+% 18C6, 7 A Mg FIc_Xo B U4 —(f Fakx/ HQ, LY /Ly /—/LRE,
T T 3 —)L:CA) & OV R R DO R 21T~ T2y T OFER, SALE BMEARTIIHR R S LS
AMUDOaY T A= a VRRELSERY | ETEERERIZL Y 7 A Ny Ok EE M
LREREBELGEZDZEDHLNE ST,

[3BR] By = v MEIZ XV ERK - B H S - KRB 12840 - ROV L —F— 28 A L,
LIF 2227 hV B LT, RUP o PF—L - CEIXZZENZENRIOREIEICEH A S, B &

DBNLIZARRIEZHIE L, He ¥ V70 @ . N .
AL L HICHEE datm TEZEHZ LA L

LTS, 2nbic k> THE”ER N\

% AHI LT o - B EORS R L kwww:;éngLMMMMJMM;Ub1
it % 2 L THAB A R-F R M ED% !

EREEDWREEIT 12, 00 s200 s00 3400 33500
(;?ﬁ:é':% . %g] [}\,r = VZHQ] — — UV wavenumber / cm! :

HQ 17 = / — /v para-fir 73 /K 5 i & 4 I
ENESTThD, K1) id, HQ Hifk e WMWwwwMWMMJiMLW ________________ _______________ _________
D S1-So B ALY MATHD, FiE (ﬂj I

DA 1806 HAZRA LI LD Th o T C\a_cj) =

%o ml,m2 L, \EDOHRIZLY ENEh
cis-HQ, trans-HQ (27 )@ =T %, 18C6
HADIREGIZE Y BBl S e (C N

35300 35400 35500 35600 35700 35800 35900 36000 36100 36200 36300
UV wavenumber / cm-t

K 1 1%, HQ-18C6 $H{AHETH 5 LIRE

7N

L7z, T HQ-18C6 #k> OH fihifi ik Eh . Clace 2

FEIRO IR 220 MARIE LT b 2 5, 1 CM) . )
:j/bbj: 11 ﬁ%{$"@3§) D N HQ zf)‘ KE)/) 2 00) 35100 35200 35300 35400 35500 35600 35700
OH %@*jj@j?qj) 18C6 & 7}(%;’%:/5\ 75:}[:2 UV wavenumber / cm!

1 BR_UB o UF— L HR(E),
18C6 $& KD LIF 27 kL .(F)

LTWDZERHLMNE ST (X 2), 7
=/ —/V-18C6 (1: 1SR DL EREE & L <



LTk, EHEFRRICE s TPHEENTCELZEMEI LN O O FERERZ L HE LT,
[VYAy ) —)V:RE]RE 137 =/ —/L®D meta(L 3K IEE W SN -+FTh D, 1(b)(_-)RE
R & (F)RE-18C6 $E{AD S1-So B T-fibkd A7 FL &R, iBEDOHF T, RE BIKIZIZ 3 2D
ATREZREC A EME R B 503, KB EEHY = v NP TIXZEOWN 2 DOBRIFET HZ EBNHD
TS, EEE, Fx b 2000 R(LINEBLII LTz, 18C6 T AZIREGT D LHT2Il% < OEiR
FE7pNy RE#HIL7Z, UV-UV hole-burning 7512 X 0 Bz it Sz "y RO TIANV R 1
DALFFEIIFIBTE D 2 &R0 2O FFi% RE-18C6 $5ATHh 5 LIfE Uiz, OH i
KD IR A7 hLOFERIZ, REIZHQ L5720 2 50 OH & £ 728 18C6 & /KFHEA &
L, ZERBEREEL > TWNHZ LEZRTHDOThole, IHICELFEE L OHEIZ X
V. RE 73 18C6 & 2 DDKEMAZTHT B 7-0ITid, B TIZERY 520 i BRI
RHZEBHLNE ST (X 2), ZORERND, 18C6 M7 A Ny O & i < HilEH9 HHE
DD Z ENginol,

[#T 2—/:CA] CA LT = / — /LD ortho- L B KEE I EWL X T+ Th D, 2O TORER
FHEUTBERET 5 2 DD OH NS TFAKER/BELZER L TNDHZ L ThHhDH, K 1) TRl s
NV R m i CA HURIZIRE E D3, CA O Sy bkt iRk REF A 23D THIV N7 ps) 7= D 1T/ N R FE
/&, ZAUTHRT CA-18C6 S5IRICIRIE SN DN R L 2 IFBENRKE <, Z ORI CA
75 18C6 LEEAAZTERT 5 2 & ThiEIREEEMOMENEE TS Z 2RI L TR, FEEIZ
FamlE L2 R, 103 ns Th o7z, OH MfEREIGEED IR A7 M OFERNE CA-18C6 §i
RO CAIZITHRIRRE TIFEE L TV 2 FINKER AT L, Bi7212 2 2O TRIKEREE
DI EIILTND Z EN B E o 72(X 2),

VIETRLULIEL DT 3 ODAERMEIKTIR, KFERETA FTHD 250D OH DM D EERED
B B0T, ZHUT L0 ZNENOEEEEICB T 2 KE-EAHERNIRESERLZ Z LN L
Lipol, £, T2 ) AR U AU Sy () IREED BT EET S S, (no*)IREE~D T
DRBVICEY, BEEHHRIE CH D KRFEMBESZ R T2 EnmbitTinsd, LinLAH, CAH
{RIZ T CA-18C6 SERD L IRREF A1) 1,470 (5L LR < 725 Z Ly ino iz, BETIELZ
DE D7, RA BT A MEROREE & IR ERE SR OBIRIZ OV TEEL <iB D,

A ( \

,(%

HQ-18C6 RE-18C6 CA-18C6

2(a)HQ-18C6, (b)RE-18C6, (c)CA-18C6 D% EMEIE. MBI KT L KT

0

&k [1] R. Kusaka et al. J. Phys. Chem. Lett. 2012, 3, 1414—1420



2A13

B L — —IEEE T HY = v MEIZE D F—/X3 U OKHE

— T~ — ORI —
CRITKREWM) ORI R—, FRERE, aNE—, BHFEN
Gas phase spectroscopy of dopamine by new laser desorption technique
—Specific reduction of observed conformers—

(Chemical Resources Laboratory, Tokyo Tech.) O Taichi Warashina, WoonYong
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Hydrated-Bond Switching in Hydrated Aminopyrazine Clusters
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Infrared Spectroscopic Investigation on Solvent-induced Acidic CH

Bonds Switching in Cationic Dimers of Cyclic Ethers
(Tohoku Univ.) OMin Xie, Yoshiyuki Matsuda, Asuka Fujii

[Introduction] Proton-transfer reaction is one of the most fundamental processes in chemistry
and biology. Most of the proton-transfer reactions occur from a protic bond such as NH, OH, and
SH. On the other hand, CH bonds are generally regarded as aprotic and generally ignored as a
proton donor. However, many examples of product ions which originate from proton transfer
from CH have been observed in mass spectrometry.

Very recently, we have demonstrated proton-transfer occurs from a CH bond in the
photoionized dimer of tetrahydrofuran (THF). Furthermore, enhancement of the acidity of the
CH bonds in a bare THF cation has been shown by the spectral signature of the CH stretch
vibrations. These results indicate that the CH bonds of cationic THF are highly acidic. This
enhancement of the acidity is explained by the hyperconjugation between the singly occupied
molecular orbital (SOMO) of the O atom and the o orbitals of the CH bonds.

Because tetrahydropyran (THP) is a six-membered ring molecule, it can form the chair and
boat type conformers, which are geometrically hindered in the five-membered ring THF. One
can expect that this structural difference would influence the magnitude of the interaction
(hyperconjugation) between SOMO and CH bonds. Therefore, the correlation of the acidity of
cationic CH and the conformation can be investigated by comparing the THP and THF cations.

In this study, we carried out the IR spectroscopy of the THP monomer and dimer cations,

which are generated through the VUV photoionization. The theoretical calculations for
geometries, vibrational spectra, proton-transfer potential energy curves, and electron spin
density distribution have also been performed. The acidity of cationic CH and the proton-
transfer reaction from CH in ionized THP are discussed through comparison of IR spectroscopic
and theoretical results.
[Experiment and Calculations] The IR spectra of the THP monomer and dimer cations were
observed by the IR predissociation spectroscopy of VUV-pumped cation (IRPDS-VU-PI).[1] In
this spectroscopy, size-selective IR predissociation spectra of cations, which are generated by the
VUV photoionization at 118 nm, are recorded.

The isomerization reaction of the ionized THP dimer was simulated by the global reaction
route mapping (GRRM) program [2] mounted on the Gaussian09 (G09) program. The structures,
energies, and vibrational spectra were calculated with GO09. The electron spin density
distribution calculations of the cationic monomer and the dimers along the isomerization process
also have been performed.

[Results and Discussion]  Figure 1 shows (a) the observed IR spectra of the cationic THP
monomer and the calculated spectra for the (b) chair and (c) twist type structures inserted in the
figure. Only these two structures are stable in the THP cation. In the observed spectrum, an

intense band is seen at 2855 cml. By comparing the observed and calculated spectra, we



assigned the spectral carrier of the
observed one to the chair type
structure which is the most stable
structure. The observed intense band
is assigned to the stretch vibration of
the CH bond at the 4th position,
indicated by the broken circle. The
acidity of the CH bond is enhanced,
because of delocalization of the o
bonding electron of C(4)H to the CC
bonds and SOMO of the oxygen atom
through the hyperconjugation.

Figure 2 presents (a) the observed
IR spectrum of the THP dimer cation
and (b)-(d) the simulated spectra of its

(a) IR spectrum of THP*

Jf‘{ij‘g’

Jed e (b) chair THP* (0 keal/mol)
J .

I (c) twist THP* ¥ :i)
T T T T T T T 3 J

T ] T
2600 2800 3000 3200 3400
Wavenumber / cm-! scaled by 0.94 (5.09 keal/mol)
wB97X-D/6-311++G(3df,3pd)
Figure 2. (a) The observed IR spectra of cationic THP and (b, c) its two
optimized structures.

three most stable structures. In the observed spectrum (a), the CH stretch bands are seen in the

range of 2800~3000 cm'! and a broad feature appears from 3100 cm! to the lower frequency

region. The latter band is explained by the stretching vibration of the shared proton in the two
most stable structures of the O---HO and C---HO types. Both of the structures are formed

through the intermolecular proton-
transfer from the CH next to the
oxygen of the ionized moiety. This CH
acting as the proton donor is different
from the acidic CH in the THP
monomer cation. This result implies
the acidic site is switched in the proton
transfer process of the THP dimer
cation from that of the bare cation.

We also carried out the intrinsic
reaction coordinate (IRC) and GRRM
reaction path search calculations, and
the electron spin density distribution
analysis. We will discuss the acidity
enhancement of CH and the reaction
mechanism of the proton transfer from
CH based on the experimental and

theoretical results.
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Figure 1. (a) The observed IR spectra of THP dimer cation and (b)-(d) its
three optimized structures.
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Fig. 1 Excitation scheme of MATI monitored IR spectroscopy of PhnOH*—Ar; via the S, state.
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Proton Transfer Reactions of Biomolecular lons in the Gas Phase
(Yokohama City University) oShinji Nonose, Minami Kawashima, Hideo Isono, Hiroki Akiyama, Taiju

Tanimura and Masato Miyazawa
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