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Infrared spectroscopic investigation of CH bond acidity
in cationic alkanes

(Tohoku Univ.) OMin Xie, Yoshiyuki Matsuda, Asuka Fujii

[Introduction] CH bonds are the most ubiquitous functional group in organic compounds. CH
in a neutral molecule is generally regarded as aprotic because of its low acidity. Recently, we
have demonstrated the CH bonds in the cationic ethers [1, 2] and amines [3] are highly acidic.
In these cations, the acidities of CH bonds are enhanced through the hyperconjugation of the CH
bond with the nonbonding orbital which is the singly occupied molecular orbital (SOMO).
Alkanes are composed only of carbon and hydrogen and have no nonbonding orbital. In the
lonization process to their cationic ground state, a o electron is ejected. For alkane cations,
therefore, we have had a question whether their CH bonds undergo acidity enhancements
without the nonbonding orbital or not. In this study, to investigate the CH bond acidity in
alkane cations, we perform infrared (IR) spectroscopy of malkane cations with different alkyl

chain lengths (pentane, hexane, and heptane).

[Experiments and Calculations] IR spectra of Ar- or No-tagged alkane cations were observed by
IR predissociation spectroscopy of VUV-pumped ions. In this spectroscopy, the tagged alkane
cations were generated through the VUV photoionization at 118 nm. We used a tandem-type
quadrupole mass (Q-mass) spectrometer to perform IR dissociation spectroscopy. The generated
tagged cations were size-selected through the first Q-mass filter. The IR predissociation
spectrum of the size-selected cation was recorded by monitoring the bare cation intensity

through the second Q-mass filter.

In theoretical calculations, all the stable conformers were initially searched by the global
reaction route mapping (GRRM) program [4] at the PBE1PBE/6-31+G(d) level. The optimized
structures, energies, vibrational spectra, nature bond orbital (NBO), and spin density analyses

were calculated by the ®B97X-D functional with the 6-311++G(3df, 3pd) basis sets.

[Results and Discussion] Figure 1 shows (a) the observed IR spectrum of pentane cations and (b,
c¢) the calculated IR spectra of the two stable conformers, ## and tg, depicted in the figure.
Comparisons of the observed and calculated IR spectra indicate that the observed IR spectrum is
attributed to the two conformers. The most intense band labeled by ¢z is assigned to the

stretches of the in-plane (the plane is composed by the five carbon atoms) CH bonds in the



terminals of the #¢ conformer (highlighted by the

tt

green circles). The band at ~3000 cm! is
assigned to the stretch bands of the out-of-plane
CH bonds. The two low frequency CH bands

(ayobs.IR / ™

labeled by #g belong to the #g conformer. The T : - . - . A

lowest frequency band is assigned to the in-plane it

(b) calc. tt N B e
CH bond (highlighted by the purple circle) next o mwp | m " o 00
to the out-of-plane methyl group, and the other (c) calc. tg l'\lr' N s

2400 2600 2800 3000 3200

band is assigned to the terminal in-plane CH scued by 00ss  WAVENUMDBEr / CM-1 wso70/6-511+0(5df 3md)

bond (highlighted by the blue circle) of the tg

o ? X4
f These low fi bands bel (@ SRRy 2
coniormer. ese IoOw Irequency anas elow g ’C{, '\M " 9
D 9 -

L . D
2850 cm’! indicate the acidity enhancement of pa
. . . tt (0.21 kcal/mol) tg (0.0 kcal/mol)

the CH bonds occurs in cationic pentane. The

. Figure 1 (a) The observed IR spectrum of pentane
CH bonds assigned to these low frequency bands  cations and the (b, c) the calculated IR spectra of

are influenced by delocalization of the positive the stable conformers shown the figure.

charge. Therefore, the C-H bonds are weakened and the enhancement of their acidities is also
caused. The frequencies of the two low frequency bands of the zg conformer are lower than that
of the intense ¢¢ band, which is the lowest CH stretch band in the ¢¢£ conformer. This indicates
that the CH bonds highlighted by the blue and purple circles in the #g conformer is more acidic
than the in-plane CH bonds at the terminals of the ¢£ conformer. Thus, the acidities of the CH
bonds in the cationc pentane correlates with its conformation, which affects the delocalization of

the positive charge.

We will discuss the detailed mechanisms of the acidity enhancement of the CH bonds in
the cationic alkanes, the correlations between the CH bond acidities and conformations, and the
dependence of the alkyl chain length on their acidity, based on the IR spectra and theoretical
calculation results on preferable geometries, vibrational simulations, and spin density

distributions.
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Microwave spectroscopy of hydroxymethyl hydroperoxide,
a product of the reaction between CH,OO and water
(Univ. Tokyo) OMasakazu Nakajima, Yasuki Endo
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Radiative decay dynamics in the ion-pair states of halogen molecules

('Tokyo Univ. of Science, *Hirosima City Univ.)
Shoma Hoshino," Takashi Ishiwata,? Mitsunori Araki,’ and Koichi Tsukiyama'
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High-resolution spectroscopy of naphthalene
referenced to an optical frequency comb
(UEC?, Fukuoka Univ.?) A. Nishiyama?, K. Nakashima?, A. Matsuba?, OM. Misono?
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[1] A. Nishiyama, et. al., Opt. Lett. 39, 4923 (2014).
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cw-OPO L —H%—|Z 2 % CHsBr 43 ¥ ® Lamb dip 43¢ & £ /g E
(M LRBE « BER) ORRILAAC, WeREE—RR, JIl O KRR,

Lamb dip spectroscopy of CHsBr and pressure broadening

measurements using a cw-OPO laser
(Okayama Univ.) OTomomi Fujiyama, Kenichiro Takihara, Kentaro Kawaguchi, Jian Tang

[/5"] CH3Br 1% Cav IZB T 2 %Fr 2~ D53+ T, 6 DOEEREZ H D, cw-OPO L —H#—
pm H# T 300mW LU EOFWH N ZELZ LN TE, fafs b igll /e 7z, AWFET
CHsBr ®vi1 K D'v4 /3 RO Lamb dip 43 Y6 H U, BRI IS & H0A R E Lf:@f“%&%ﬁ‘
5,

vaBERBREIT v 1 IR T 13RO T, L=V —JuRE 4 < 4T v4 TH Lamb dip 7381
HTEDLHFEINERN, TERnoT-, B E LT, va=11Fvi=1 XY 100cm! fE= R/LF
—REWOT, IREEHRECOFERES R, TRAOL~OTRAF—BEIRNMEEIND L& X
bid, 2T, EHWEZEISEDLZ LITEY, EIEREERE LT,

[45] Lamb dip I3, (1)White B E i+ 1T
DOHBEOELVIZLY, £, @Qv =2V R
WIS XD B LT, Zo%ERE Fig 11077, I O'gk
FIFIT IR ew-OPO L —H —% H =, L—H— L |
U3 A B 100em o CaFe Ly ATy ¥ 17
CAORLTE LA, ¥ a s Vs RS e ke
XTI OBEMT 2 HOT LI T L— b & H / T ﬁ
W% 0.50m CHATICI T, S B b2 B IL~DA S [P
I ZBEIEZICI T — T S, EITH Oscilloscope \B

X722 E U pass #i@0D, TDHE—LRT

U v #—TH SRR L HI27

Lock-in amp
S>TND, L—F—EETRmoH O 1 20
2T =IOV TWDS PZT ([CEEEZHINT S Z &
Ik Vgl Lz, PZT X 5Hz TiEgI L, Ao e & DEBOWar i
a—TClEFEFRRL, TAEBELE, V2 el
K V7 BRRIZIE 100kHz O Z OV 7 Hd 5 T

BEETHT, FHERY 74T 7 THRIHL il
loo V=Y —0OEEL 61.3CIT L. 29744~
2975.5em  PHL TR AR BREA T Lamb g0 1 spmm (32 412 255)
dips Z @I L 7=,

JEJIERE T, [ CARS ew-OPO L —H—& | KX 1.2m @ Pyrex glass tube Z WL &
L CHWE=, #iHERIE. MCT detector(Vigo PVI-3TE-4, 20 ns time constant) T,




preamplifier(MIPDC-F-100) AN EIN7=bDEHW=, Fa v X—Cav s AT 7%
WCEFEST-, WEOHKRIT Labview TE/R L, T— X ZWfG L7, L—¥—iRE% 95.2°C
12 L. 3079.68~3079.90cm! {31 % I E L 7=,

[friE 5] )% )8 L7z Lamb dips % Table 1 T3, G UlilE L7 — & ZH/h RIEIC L -
T, EHIEE ER eq@ ZIRE LTz, BREEIL, X7 —Z XV EtE Loz v,
Table 1 CHsBr ® v 173 F® Lamb dips DZ3ZUE

CHs™Br CHs81Br
B F obs. obs.-calc. obs. obs.-calc.
QRo(3) 5.5<4.5—2.5<1.5 16.4 -0.08 — —
QRo(4) 6.55.5—4.5<3.5 10.4 0.09 — —
QR1(3) 5.5<4.5—2.5<1.5 8.0 0.70 6.4 0.23
2.5—1.5—4.5<3.5 7.8 -0.01 6.5 0.52
4.53.5—3.5<2.5 8.0 0.73 6.4 0.20
QR1(4) 6.5<5.5—5.5<4.5 7.9 0.04 6.4 —
5.5—4.5—4.5<3.5 6.7 0.46 6.0 0.61
QR3(5) 7.5+6.5—6.5<5.5 36.0 1.11 — —
5.5—4.5—6.5<5.5 7.0 111 - —
QR4(7) 9.5+8.5—8.5<17.5 — - 22.0 1.13
QR4(8) 10.5<9.5—9.5<8.5 20.0 -0.75 18.0 1.69
eq® /MHz 577(1) 484(2)
wiz, JEAE TR LT — 005
% % Voigt profile (Z X U g4
LT, vaNy ROEJ—IED = 00201
FEIMKTFORE R4 Fig2 T7  §
T, M7 14 v F y=A+Bx g 0.015
726, A=-0.0007(8) cm1, =
B=0.00122(5) cm™*/ Torr 735 é 0.010
DAL, BIMEREIL 6.6X10¢  x
cm! Tho7z, LoT, va % 0.005 7 .
S ROEDERKIL. 370) =
MHz/Torr T %, CHsF TiE 0]
JEZIMEARER T, 21—32 MHz O 2 4 6 8 10 12 14 16 18 20
NEINTNADT, Pressure (Torr)

CHsBr OfEIX 24 L 0 BELIC Fig 2 v 43V RORE)EHEEER OE IR

K& L 2podz, vasiy FTC Lamb dip 23R A ZRWERHIE, /0 FRIEZEEFI CTlEa <, £28
BE—AL FOEWIZELD2HDTIIRNEEZD,

(&% k]
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