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An infrared spectroscopic study on the excess electron binding motif in the
large-sized water clusters
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Water cluster anions are a model system of the solvated electron. They have

two isomer types; one is the interior type, in which the excess electron is trapped in the cavity of
the cluster. Another is the surface type, in which the excess electron is bound on the surface.
Though the assignment of the isomer types has been performed by infrared and photoelectron
spectroscopies, their conclusions have been inconsistent. In the present study, we carried out
infrared spectroscopy of large water clusters which hold a cation on their surface through a single
contact water molecule. Their hydrogen bond networks are expected to be similar to those of the
surface type water cluster anions. In these clusters, the hydrogen bond networks are strongly
polarized to stabilize the cation. We discuss the influence of the water network polarization on the
infrared spectra. In addition, we try to extend infrared spectroscopy of water cluster anions to

the larger size region.



(H0)n

(n)

n =200

TMA
(CH3)aNH"™-(H;0),

"fl SN

o | B
(a) (HQO)G_ (b) H+TMA—(H20)6

1
TMA

(H0)n (n < 25)

(H0)n

n = 20-200
(H.0)n

H*TMA-(H,0),
n=1-21
n=1-3

TMA



A
A
m&———-/w I\L.J\”"\
i < I |
(©)n=2 f\ P’ A
o~ \"‘M Al

4 = i
(d) '? oo |l I |
ea t |

M .
| & | |

fayn=1

(f (E=0.0 | € & |
kcalimol) | J ;I LY Wl
_.fl ‘L % .J. ,-E\,"\
q ' |
b
(@) (E=+0.31 ‘v‘-‘: | i |

It.t:al.lrm:nl]-....’-‘.-3Ii it ‘

2600 2800 3000 3200 3400 3600 3800

Wavenumber { cm™!

H*TMA-(H20)» n = 1 - 3

Vi

TMA-H*-(H,0),,

TMA-H*-(H,0),,

H*(H,0),,

26‘00 ' 23‘00 ’ SUIUU ) 32‘00 I 34‘00 I SSIUD I 35‘00
Wavenumber / cm™!
H*TMA-(H20)20-21, H*(H20)21

nx4
n==~6
¢ ) 5
16=15D
6
0 2 4 6 8 10
8—— : : : ; 8
71 TMA-H™..(H,0), (@ 17
are
e = afe b ., 1
= 'z "‘-% Oy |
= 5 0P Wi = 0 5
E i sf“:?"l .:é" "SlE ey =] o Jr‘ 4
Py At t A
2] &85 Seiewe
23] ™o o pap gp[T el
g2 . . e 45 4 n=aH2
14  n2l 1
< n=1|
0-+— v g . 0
0 2 4 6 8 10

Relative energy with ZPE(kcal/mol)

H*TMA-(H20)n

HTMA-(H20)2021
H"(H20)21
H TMA-(H20)20.21 3200cm™
(HZO)n_

(H0); n=-25

(H,0); n=-20



15

Dandan Wang, Asuka Fujii, Spectroscopic
observation of two-center three-electron
bonded (hemi-bonded) structures of (H,S),"
clusters in the gas phase. Chem Sci. 8,
2667-2670 (2017). DOI:
10.1039/c6sc05361k

Dandan Wang, Asuka Fujii, Structures of
protonated hydrogen sulfide clusters,

H*(H,S), highlighting the nature of
sulfur-centered intermolecular interactions.
Phys. Chem. Chem. Phys.19, 2036-2043

(2017). DOI 101039/  6cp7342e

Takuto Shimamori, Jer-Lai Kuo, Asuka
Fujii, Stepwise internal energy change of
protonated methanol clusters by using the
inert gas tagging. J. Phys. Chem. A 120,
9203-9208 (2016). DOI:
10.1021/acs.jpca.6b10140

Kun-Lin Ho, Lo-Yun Lee, Marusu Katada,
Asuka Fujii, Jer-Lai Kuo, An ab initio
anharmonic approach to study vibrational
spectra of small ammonia clusters. Phys.
Chem. Chem. Phys. 18, 30498-30506
(2016). DOI: 10.1039/ c6cp05537k

Min Xie, Yoshiyuki Matsuda, Asuka Fujii,

Infrared spectroscopic investigation of the
acidic CH bonds in cationic n-alkanes:
Pentane, hexane, and heptane. J. Phys.
Chem. A 120, 6351-6356 (2016). DOI:
10.1021/acs.jpca.6b05567

Takashi Chiba, Katsuhiko Okuyama, Asuka
Fujii, Observation of evidence for the

n*-c* hyperconjyugation in the S1 state of

10.

11.

o, m-, and p-fluorotolunes by double
resonance infrared spectroscopy. J. Phys.
Chem. A 120, 5573-5580 (2016). DOI:
10.1021/acs.jpca.6b05171

Yoshiyuki Matsuda, Hiroyuki Harigaya,

Min Xie, Kaito Takahashi, Asuka Fujii,

Infrared spectroscopic investigations  of
cationic ethanol, propanol, and butanol.
Chem. Phys. Lett. 640, 215-218 (2015).

DOI: 10.1016/j.cplett.2015. 10.044

Ryunosuke  Shishido,
Chen-Wei Tsai, Dan Bing, Asuka Fujii,

Ying-Cheng Li,

Jer-Lai Kuo, An infrared spectroscopic and
theoretical study on (CHs)sN-H*-(H0),,
n=1-22: highly polarized hydrogen bond
networks of hydrated clusters. Phys. Chem.
Chem. Phys. 17, 25863-25876 (2015). DOI:
10.1039/c5cp01487e

Masato Morita, Yoshiyuki  Matsuda,

Tomoya Endo, Naohiko Mikami, Asuka
Fujii, Kaito Takahashi, Hyperconjugation in
diethyl ether cation versus diethyl sulfide
cation. Phys. Chem. Chem. Phys. 17,
23602-23612  (2015). DOI:
10.1039/c5cp03765d

Ying-Cheng Li, Toru Hamashima, Ryoko
Yamazaki, Tomohiro Kobayashi, Yuta
Suzuki, Kenta Mizuse, Asuka Fujii, Jer-Lai
Kuo, Hydrogen-bonded ring closing and
opening of protonated methanol clusters
H*(CH3;0H), (n =4-8) with the inert gas
tagging. Phys. Chem. Chem. Phys. 17,
22042-22053 (2015). DOl:
10.1039/c5cp03379a

Min Xie, Yoshiyuki Matsuda, Asuka Fujii

Infrared spectroscopic investigation of
photoionization-induced acidic C-H bonds
in cyclic ethers. J. Phys. Chem. A 119,

5668-5675 (2015). DOI:



12.

13.

14.

15.

10.1021/acs.jpca.5003406
Yoshiyuki Matsuda, Tomoya Endo, Naohiko

Mikami, Asuka Fujii, Masato Morita, Kaito
Takahashi, The large variation in acidity of
diethyl ether cation induced by internal
rotation about a single covalent bond. J.
Phys. Chem. A 119, 4885 — 4890 (2015).
DOI: 10.1021/acs.jpca. 5b02604

Toshihiko Maeyama, Izumi Yagi, Keiji

Yoshida, Asuka Fujii, Naohiko Makami,
Photodetachment spectroscopy of
fluorenone radical anions microsolvated
with methanol: Rationalizing the anomalous
solvatochromic behavior due to hydrogen
bonding. J. Phys. Chem. A 119, 3721-3730

(2015). DOI: 10.1021 /acs.jpca.5b01147

Takuto Shimamori, Asuka Fujii, Infrared

spectroscopy of warm and neutral
phenol-water clusters. J. Phys. Chem. A 119,
1315-1322 (2015). DOL:
10.1021/jp512495v

Aditi Bhattacherjee, Yoshiyuki Matsuda,

Asuka  Fujii, Sanjay  Wategaonkar,
Acid-base formalism in

dispersion-stabilized S-H---Y (Y=0, S)
hydrogen-bonding interactions. J. Phys.
Chem. A 119, 1117-1126 (2015). DOL:
10.1021/jp 511904a

51

2016 11 10

Asuka Fujii, Infrared spectroscopy of
protonated hydrogen sulfide clusters. ~
What is difference between H,S and H,O0? ~
WRHI International Workshop on
Advanced Laser Spectroscopy for Soft
Molecular Systems, Sept. 26, 2016, Tokyo

Institute of Technology (Yokohama).
Takuto Shimamori, Asuka Fujii, Jer-lai Kuo,
Stepwise internal energy control for
protonated methanol clusters by using the
inert gas tagging. 7lst International
Symposium on Molecular Spectroscopy,
June 23, 2016, University of Illinois at
Urbana-Champaign, Urbana- Champaign
(USA).

Kun-Lin Ho, Marusu Katada, Jer-lai Kuo,
Asuka Fujii, An ab initio approach to
analyze Fermi resonance in ammonia
clusters. 71st International Symposium on
Molecular Spectroscopy, June 23, 2016,
University of Illinois at Urbana-Champaign,
Urbana-Champaign (USA).

Marusu Katada, Po-Jen Hsu, Asuka Fujii,
Jer-lai Kuo, An infrared spectroscopic study
on the formation of the hydrogen bond
inclusion structures in the protonated
methanol water clusters. 71st International
Symposium on Molecular Spectroscopy,
June 23, 2016, University of Illinois at
Urbana-Champaign, Urbana-Champaign
(USA).

Takashi Chiba,Katsuhiko Okuyama, Asuka
Fujii, Hyperconjyugation in the S; state of
substituted  fluorotoluenes probed by
infrared spectroscopy. 71st International
Symposium on Molecular Spectroscopy,
June 21, 2016, University of Illinois at
Urbana-Champaign, Urbana- Champaign
(USA).

Tomoya Endo, Yoshiyuki Matsuda, Asuka
Fujii, Infrared spectroscopic study for the
hydrated clusters of pentane cations. 71st
International Symposium on Molecular
Spectroscopy, June 21, 2016, University of
Urbana-Champaign,

Illinois at

Urbana-Champaign (USA).



10.

11.

12.

13.

Yoshiyuki Matsuda, Min Xie, Asuka Fujii,

Infrared spectroscopic investigation on CH
bond acidity in cationic alkanes. 71st
International Symposium on Molecular
Spectroscopy, June 21, 2016, University of
Illinois at Urbana-Champaign,
Urbana-Champaign (USA).

Tomoya Endo, Yoshiyuki Matsuda, Asuka

Takahashi,

Fujii, Kaito Infrared

spectroscopic study for the
hyperconjugation in the diethylether and
diethylsulfide cations, Gordon Research
Conference, Molecular and Ionic Clusters,
Jan. 17-22, 2016, Four Points Sheraton,
Ventura, (USA).

Takuto Shimamori, Jer-lai Kuo, Asuka Fujii,
Stepwise internal energy control for
protonated methanol clusters by using the
inert gas tagging. Gordon Research
Conference, Molecular and Ionic Clusters.
Jan. 17-22, 2016, Four Points Sheraton,
Ventura (USA).

Ryunosuke Shishido, Ying Cheng Li, Asuka
Fujii, Jer-Lai Kuo, Anharmonic coupling
vibration in

Gordon

among  excess proton

protonated  binary  clusters.
Research Conference, Molecular and Ionic
17-22, 2016, Four Points

Sheraton, Ventura (USA).

Cluster, Jan.

Asuka Fujii, Temperature dependence of
hydrogen bond network structures probed
by infrared spectroscopy of gas phase
clusters. Symposium #438 “Developments
of  spectroscopic investigation of
intermolecular interactions and dynamics of
molecular clusters”, Pacifichem 2015, Dec.

15, 2015,
Honolulu (USA).

Hawaii Convention Center,

Infrared spectroscopy of

Asuka Fujii,

neutral and protonated methanol clusters:

14.

15.

¢y

(

Size and temperature dependence of the
hydrogen bond network. Symposium on
Advanced Molecular Spectroscopy, July 18,
2015, The University of Tokyo, Tokyo.
Asuka Fujii, Infrared Spectroscopy of Large
Hydrogen-Bonded Clusters. 11th Asian
International Symposium on Atomic and
Molecular Physics, Oct. 8, 2014, Tohoku
University, Sendai.

Asuka Fujii, Infrared Spectroscopy of
Protonated Clusters: From Dimers to Large
Sizes. Gordon Research Conference
“Molecular and Ionic Clusters”, May Ist.,
2014, Renaissance Tuscany Il Ciocco Resort,
Lucca (Italy).

36

http://ww._gclab.chem.tohoku.ac. jp/

FUJIT ASUKA
50218963

)
MAEYAMA TOSHIHIKO

20250673
MATSUDA YOSHIYUKI

70400223



