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Infrared study on photo-induced metastable state and ultrafast dynamics of
Fe (1) complexes exhibiting proton transfer coupled spin transition
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! Graduate School of Science and Engineering, Aoyama Gakuin University, Japan
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[ Abstract]

Metastable states generated by photo-excitation and their generation and decay dynamics
are important for understanding functional expression mechanism of optical functional
materials. Fe (II) complex [Fe (HL-OCI)2] (AsFes)2 ([Cl-As]) exhibits a synergetic proton
transfer coupled with spin transition, as shown in Fig. 1. In this study, we examine the
photo-induced metastable state of [Cl-As] and its ultrafast dynamics by infrared
spectroscopy at 9 K with light-irradiation and picosecond time-resolved infrared spectroscopy,
respectively. We found that the transition from low spin (LS) state to high spin (HS) state is
induced by light-irradiation under cryogenic condition. The spin transition, which involves
proton transfer, completes with a time constant of ~80 ps after photo-excitation. The
transient precursor species is considered to have the molecular structure similar to that of an
LS state.
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[Abstract] Recently, we succeeded in the development of a single-molecule electret, which
exhibits electric hysteresis on one molecule, based on a Preyssler-type polyoxometalate. This
molecule has a cavity with two stable ion sites and contains one metal ion inside. Using this
molecule, we could control the direction of the molecular polarization by applying an electric
field and observed the electric hysteresis without long-range order of the polarization. In this
study, we aimed to develop the single-molecule electret with a new mechanism, which shows
the behavior of single-molecule electret by intramolecular electron transfer. Especially, we
focused on electron transfer in the mixed-valence complex. On Robin-Day classification, a
mixed-valence complex (Class I11) has double-minimum potential. [V20s(nta)2]>~ complex,
which is categorized as Class Il at room temperature from ESR measurement, is reported.
While the electronic structure at low temperature has not been clarified. Here, we investigated
the dielectric properties of [V20s(nta)2]*" at low temperature.
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[Abstract]
Valence tautomerism(VT) is a kind of electron transfer phenomena. VT complexes have been
well-studied as switchable magnetic molecules due to their reversible intramolecular electron
transfer between the redox ligand and metal center. This transition is induced by external
stimuli such as temperature change or light irradiation. We proposed applying VT complexes
to polarization switching materials. However, the highly symmetric molecular packing often
results a cancelling net polarization in crystals. In order to solve this problem, pseudo-racemic
complexes are prepared with different metal center. It is expected that its polarization can be
controlled in the crystals of heterometallic pseudo-racemic VT molecules without mirror
symmetries. In this report, we present preparations of new VT complexes and discuss the
magnetic properties and polarization characteristics of new VT complexes and
pseudo-racemic complexes.
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[Abstract] Spin Crossover (SCO) complexes exhibit switching behaviors in their physical
properties and molecular sizes by external heating, lighting and pressure like stimulus.
Recently, [Pd(dmit)2](dmit = 1, 3-dithiol-2-thiole-4, 5-dithiolate) or TCNQ(7, 7, 8, 8-
tetracyanoquinodimethane) and cationic SCO complexes salts shows temperature induced
SCO and structure change result in conductive change. However, there is no report about
hybrid complexes with cationic TTF analogues and anionic SCO complexes to the best of our
knowledge.

New anionic Fe complexes, [Fe(2X-thbf).](X=H, F, Br), and their hybrid salts with TTF
analogues have been prepared to realize stimuli-responsive conductors in this study. Herein,
we report preparations, crystal structures and physical properties of the new conductive
hybrid complexes.
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Synthesis and ferroelectric property of polar 1D manganese nitrides by
self-assemblies of [MNn(N)(CN)4]*
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[Abstract] In this study, we synthesized new 1D manganese nitrides C2[Mn(N)(CN)4] (C =
K, Na ) by self-assemblies of polar metal complex molecules [Mn(N)(CN)4]*. X-ray crystal
structural analyses for resultant single crystals demonstrated that [Mn(N)(CN)s]*>~ complexes
were assembled to form 1D chains and these 1D chains arranged in the different manners
depending on cation species. From SHG measurement, potassium salt has a polar structure. A
1D-band structure forms in the 1D structure of the potassium salt confirmed by a state density
calculation. Physical properties of the potassium salt were investigated by PE and impedance
measurements.
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Fig.2. Crystal structure of (a) Ko[Mn(N)(CN).]-H20 and (b) Na;[Mn(N)(CN).]-3H.0O
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Synthesis, structures, and physical properties of hydrogen-bonded
novel charge transfer salts based on catechol-fused TTF derivatives
having an ethylenedioxy group

oJun Ikeda, Akira Ueda, So Yokomori, Junya Yoshida, Hatsumi Mori
The Institute for Solid State Physics, The University of Tokyo, Japan

[Abstract] Our recent attention has focused on the development of novel organic conductors
based on catechol-fused TTF derivatives having hydrogen-bonding (H-bonding) ability. In
particular, those based on the ethylenedithio derivative, H.Cat-EDT-TTF, are found to provide
interesting phenomena and physical properties originating from the coupling of the H-bonds
and conducting m-electrons. To further explore such unique organic conductors, in this study,
we have focused on the ethylenedioxy derivative, H.Cat-EDO-TTF, and performed the
electrochemical oxidation under various conditions. As a result, two polymorphic charge-
transfer (CT) salts, a”-(H2Cat-EDO-TTF).Cl and B”-(H>Cat-EDO-TTF).Cl, were obtained.
This type of polymorphic salts has never been obtained from the ethylenedithio derivative,
H.Cat-EDT-TTF. In this presentation, we will report the synthesis, structures, and properties of
these new CT salts and discuss the effect of the introduced ethylenedioxy group.

[FF] Texid, KEHOEEZAET I T a—NET k
FFTINANLY (TTF) MR SEET R —4 F-bonding ability
FEFINT, FHAERESEROMIICER Y AT @ s s oH
He TNFETIC, =mF Vo IUF A HAHFTH HCat- [ISHS]@O
EDT-TTF (Fig. 1la) # s & L7-F~ OFHEEERD ) H.Cat-EDT-TTF
BRRICEREI L, =BT L AKFEAOME - H#HEhic ko [OISHSJ@OH
< FpReWit - Blgx HNiZ Lz [1-5], & Z TANFZE o s s o
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TFLYUFAE (EDT ) #TF Ly UFR B o HCattDIITE and (0)
(EDO %) (Z@&E#a L 7= R F—4rF HCat-EDO-TTF (Fig. H,Cat-EDO-TTF.
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VIKFEREG DIERL E W o Tl 1) - HEER 72 ER/NEL D B2 HLD [6],
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EDO AN FIZHOWTELET 5,
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[EB 5] o’-(HCat-EDO-TTF).Cl (a”-Cl) D Hf5db1EL. H.Cat-EDO-TTF [6] & n-
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5. Br-Cl TIHEMA ATk LT 4 DD T a— LKERIENITHE L TV % DIkt
L (Fig. 2e. ###8). a”-Cl TIZHALMA A LT 2 DD BT a— LKk & = F
LD C-H AL TV 5 (Fig. 2b, kb L OEEHRR), S HIZ o?-Cl TIEHI T =2—
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BIDGHVIKBRESITOREWVWRELTEBY, ZROBREAE L RE LT, N F—4
FEHNCRERBDNELIZEEZ D ENTE D, AERTIZ. 25O
2 C, BRIRPURAER RCE R VS OF AR R AR L, EDO ZEDE AN 5 1B
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Fig. 2. (a) Donor arrangement, (b) [O-H---CI] H-bonding interactions (green), [C-H---CI] and [O-H---O] weak
H-bonding interactions (yellow and purple), and (c) [C-H---O] weak H-bonding interactions (blue) in the crystal
of a”-(H,Cat-EDO-TTF).CI. (d) Donor arrangement, (e) [O-H---CI] H-bonding interactions (green), and (f) [C-
H---0] weak H-bonding interactions (blue) in the crystal of B”-(H,Cat-EDO-TTF),CI.
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Organic Field-Effect Transistors based on Bisisatin Analogs
oDongho Yoo?, Tsukasa Hasegawa!, Minoru Ashizawa?, Tadashi Kawamoto®, Hidetoshi
Matsumoto?, Takehiko Morit
! Department of Materials Science and Engineering, Tokyo Institute of Technology, Japan

[Abstract]

Nowadays, air-stable n-type organic semiconducting materials have attracted much attention
because they are required in creating practical applications like p-n junction.!  Bisisoindigo
is one of the n-type organic materials,/? and bisisatin, the synthetic precursor of the
bisisoindigo, also can be a promising n-type organic material possessing a planar framework
with electron-withdrawing four carbonyl groups. Moreover, when modifying the
S-positioned carbonyl group of bisisatin derivatives with the dicyanomethylene part, the
resulting molecules have low-lying LUMO levels for air-stable n-channel operation.4
Herein, along with bisthienoisatin (BTI), we have newly synthesized BTICN, in which
S-positioned carbonyl group of BT is substituted with dicyanomethylene part (Fig. 1). BTI
and BTICN, both thiophene derivatives of bisisatin, are expected to make intermolecular S-O
or S-S interactions suitable for constructing carrier-transport paths in the organic field-effect
transistors (OFET). Transistors with bottom-gate and top-contact geometry are fabricated by
thermally depositing organic layers on tetratetracontane-modified Si/SiO; substrates and Au is
deposited as the source/drain electrodes. BTl and BTICN show n-type transistor
characteristics with M = 0.091 cm?V-s? for BTI (hexyl group) and 0.21 cm?V-is? for
BTICN (2-ethylhexyl group).

[F] AHEERDELT PR ZIZBNT n BAKEERIIEETHY | BAIH
FEENTWBMH ESFIZBIF2ELER n BME OB DO —ONEAL S F L THDH
@, BAA P F o izidt, AV FUREMERL T AILEW L EEA TER > TV D
ICEMDEET D08, ELLDIEAM b INR= VA 4 > L, EBFRGIPEREW
B LD, o, BEOPMNDOINVRNIEEZ DT ) AF L UHKICERT S Z L
IZE D B2 LUMO ZEES I L, AERIE K7 P X Z(OFET)IZEB W TR
TTHEEI N TENEST S Z & b STV BB KIFZE TIIE 24 HF o 8
BRI THHLEAT T ) AV F U BTNDEMEITVE OFET FiEZ2 7=, AL+
FLDORUCBUVRET AT 2 VERICERR LT BT (3T A VA ¥ T OERIEIC
HIR DT, o S-S FHAEAEAS S-O M AER N #IFF S, OFET (2@ 725y 1
MRy X 72/ THaREENEV, 512, RAFCTREICEHETDZ L Emtt
HED OFET 734 AEfIZ HEYE LCBTIDREHRD ALODINVER=NVEEEZ DT ) A
F LU RRICEBR LA MBTICN) S &5k L(Fig. 1), £ 6 Ot KT OFET ¢k
ST,

[5#] 3-Bromothiophene 25 HFE L TT KT I U &2EALT-t%, Hilb4 x4
VIWVTREEE, T /) AV F o 2a6MT 5, 7 v b8 T oxidative coupling 1T 5 &
Fig. 1O BTIRNAKTEDE, Zhia~e /= )L ERIGEES E BTICN AT 5,



BxDIbEMEAEEU L% T NFT F7:I/§7 > % 20 nm B.ZE7%55 L 7= SifSiO;
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Fig. 1. Chemical structures of Bisthienoisatin

R - ZB8] TBRULFEORE. 7AXLVEORBEEICER/ < BTI IX LUMO
723-3.8 eV 1125 VW . BTICN (3-4.3 eV T2 > 7=, UV-Vis HIZED S BTI D/
RE ¥ v 713421 eV 720, BTICN DAY RE Y » X138 1.7 eV o7, o
T, HOMO % BTI 23%J-5.9 eV, BTICN 23%-6.0 eV it & ffEd oivd, £72. F

XTOEYOEFEIZIB N TIIE— 7@v/k/7%#ﬁ%h REEEE—7IZ
Vibronic shoulder 23MZ S 72728, o FRIAEIERH D IEWNESIKIZ /> TV D L HE
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BTl & BTICN OHERE T o DA X E n BEEZ R L, TAFALEOEIICLIV S
DBENENZL Uz, BIEREZ Table Licx &5, £7-, BTICNICEIL Tz Xo

LEMHRA T T, BETTOMRLLEDLRN T U AL REE R LT,
Table 1. Transistor properties of BTl and BTICN

Compound BTI BTICN
Alkyl Propyl Hexyl 2-Ethylhexyl Propyl Hexyl 2-Ethylhexyl
e (Le.max) 0.042 0.075 0.015 0.035 0.07 (0.11) | 0.11(0.21)
(cm?/Vs) (0.058) (0.091) (0.021) (0.061)
Vin (V) 43.6 20.4 31.9 -8.8 —21.7 —24.8
On/Off 10° 10° 10° 10° 10° 104

BTICN D EED XRD #X % — > (Out-of-plane) 2> & K F 2 miE kg d fifid. propyl 23 11.7
A. hexyl 73 148 A, 2-ethylhexyl 78 16.1 A £ 720 TILFNIEOEINEL RDHIFL
M FEIRR S IR 28 DAEM A L B v Te, 16> T, BALEW OHEFIZ W TIX T /L F LA A
BTk U CHE FANISL> TV D & PRI, B Orn-nfl BER XN NI A D
STWNWA EHERIEN 5, BTIOHERD XRD /X% — > % BTICN & [FIREZ 2% L,
XRD t'— 7 O EIE(FWHM: 0.197)(% BTICN(FWHM: 0.241) X /NS W=, flidniE
DIWEREEZER L TS EEZBND,
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Chromism and thermal structural change in an orthogonal network

assembled by methanol-coordination and hydrogen bond formation
oShiga Misaki®, Ryo Tsunashima
!Graduate School of Sciences and Technology for Innovation, Yamaguchi University, Japan,

[ Abstract] Structure and chromismic process of [Co(dabco)(NCS)2(MeOH)] - dabco (1-Co)
and its isomorphic crystal with Ni(ll) (1-Ni) are investigated. Both complexes exhibited a
two-dimensional orthogonal network structure with the coordination chain of —dabco—-M—
bridged by hydrogen bonds between coordinative methanol and a second dabco molecule,
where the methanol molecule was trapped by coordinative and hydrogen bonds. Chromism
was demonstrated to stem from the gquantitative desorption of methanol. A Ni complex was
confirmed isomorphic crystal with 1-Co by single-crystal and powder XRD. From thermal
analysis and spectroscopic characterization, it was suggested desorption proses different form
1-Co.

[FF] BN ORI 170 & O BBk Bk Gu AR Ot Z 281513 SC-SC £ - iR
MEMHE, BEUER A v F o 7 s oo MBS, W OB - fifb AF—24T
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(Z< W
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AL ) —)Vhr 0 LT b A A AR

@) CB chain

FFL. Z2uZ dabco 3 FDEmm S D=
WA A EETE NI S =m0 L dabco(c)
R s R ARl BRSSO ENE dabco(h)
. RIBEELE XN OHET DT
NI 2 F V7= B A (1-Nil) & 357 7= |2 3 BT =
L., ZOkE L 7 1 I X LEFEOFEM & (b)
1-Co & DHEE B 5 AT LIz Tl O Nt o
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—NVEREY TN T a2 —T OIS, Fig.1 Crystal structure of 1-Co; (a) ac and (b) bc plane



dabco D A ¥ ) — VKR % EREIZn Table 1. Crystallographic date and bond length

2\ WRIRIERGEIZ X 0 Sm iz HAS Compound 1-Co 1-Ni
ST, B . 7o I XA AERICHD Crystal system orthorhombic
v \Tﬁﬂ%aa . *ﬁ;ﬁ XRD. UV-vis-NIR Space group Cmcm
Z L V(IR EGA-MS (36 4E alA 7.2068(7) 7.1941(7)
N b/A 14.2130(10)  14.6414(16)
A A 5T) = e c/A 21.8914(16)  218781(19)
[ « £%£] Table 112 SC-XRD VIA 2242.34 2304.46
MHIRTE LT 1-Co & 1-Ni OfEfh z 16 16
F—k EHTREEEE R LT, WS Temperature /K 120 150
R T 0 1-Co DRk % Fig, wﬁmgﬁ 2% 225
7o TN N }\\/\ z - : :
LIS L7, sl A ZL/%EP\ . f)@ M-O(MeOH) /A 2.089 2.081
dabco, NCS, A%/ —/VENLLTZ  MeOH.. dabeo(h) /A 2.692 2.695

VIR 6 BNAEE CTH 0 | adilis i

dabco(c) Z /- L 7=ECNIAE B8 2 T L. b2 s 9 —>d dabco(h) & A %/ — /L4y

T & OKRFBREAGTEE SN R BEEE TH o 7o, EEIL. A4 PROEICH
e U CEANLASE A B DA TR 5 LUAMIRE e B bid e~ 7=, 1-Co 1FMEIZ LD
90°C/> 6 A X J — /L DBENIZ U E Y B o 7 b H A~ ZE(L L, 185°CTKESR,

A1 dabeo(h) 23 BT 5 I 25 b & o~ 9~ (BUAZAS & 1M dabeo(c)id 260 K A3 2> & B .

L2>L, 1-Ni 1% 140°CIZ 3 T MeOH 43 1- & dabco(h) 7y 123 [AIFRF I R L, di TR
72 o7z (Fig. 2), Ni**& Co* OEMNEENZ 31T 2 18 5 2 /K F /K -FA I /K R 0D 2 s i 7) >
SAHEZEZLRT D L. TN, 3.8X10% st & 2.2X10° 51298 K, 6 Fiifir) & NiZ* 73 2

HHE EB, LA ABRMEDOFEIZLE D BV ARE
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(h00)<>(00N) D BB BASK 73 I fy o 7 b 2254 g )
BREN, AL —LOBEEHIEC b T o
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[1] S. M. Mobin, et al., Cryst. Growth Des. 2017, 2 0/ degree
17, 2893. Fig.2 EGA-MS (up) and P-XRD pattern

[2] M. Shiga et al., Dalton Trans., 2018, 47, (down) of 1-Ni (with that after heating and
simulated patterns).
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Visualization of charge activities at the semiconductor/insulator interface of

OFET during operation by SFG spectroscopy
oHaiya Yang!, Masato Miyashita?, and Takayuki Miyamae*
! Nanomaterials Research Institute, National Institute of Advanced Industrial Science and
Technology (AIST), Japan
2Research Association of High-Throughput Design and Development for Advanced
Functional Materials (ADMAT), Japan

[ Abstract] In our work, being aimed at clarifying the mechanism of charge transport in
organic field-effect transistors (OFET) during operation and furthermore designing new OFET
with higher performances, interfaces of OFET are studied by sum-frequency generation (SFG)
spectroscopy. The effect of drain voltage on SFG spectra of OFET is obtained. A bias
distribution of SFG intensities at 3000 cm™ between source and drain electrodes caused by
charge transport is obtained. Charge activities at the semiconductor/insulator interface of OFET
during operation are preliminary mapped by SFG spectroscopy.

[FF] OFET have developed a lot since 30 years ago for their industrial applications such as
displays and mechanical sensors[1]. Studying interfaces of OFET where charge transport occur
is a motivating topic for good device performance[2]. Although theoretical simulation can be
used to elucidate charge transfer at interfaces of OFET[3], it is problematic to experimentally
observe it for lacking of a highly surface-selective analytical method. Second harmonic
generation (SHG) and SFG, as inherently surface-selective methods[4], have been utilized into
studying interfaces of OFET since 2006 while electric-field was induced[5-10]. Among these
work, visualization of charge accumulation in OFET is rarely intriguing because it provides a
two-dimensional XY-map and thus a complete image of charge activities in the conducting
channel of OFET[7, 9]. However, charge transport at interfaces of OFET that essentially
determines the device performance has not been visualized. In this work, by using SFG
spectroscopy with stepping motors installed, we obtained the effect of drain voltage on SFG
spectra of OFET, a bias distribution of SFG intensities at 3000 cm™ from source to drain
electrodes, and a 4.0x4.0 mm XY-map of charge activities at the semiconductor/insulator
interface of OFET during operation.

[FE (2B - 7)) A top-contact bottom-gate OFET was constructed with two gold
electrodes of 30 nm thick, a 50-nm-thick layer of 2,7-dioctyl[1]benzothieno[3,2-
b]benzothiophene (C8-BTBT), and a silicon substrate with a 200-nm-thick layer of SiO; coated
above as the gate dielectric. The length/width for a channel is 1000/1000 pm. An SFG
spectrometer is consisted of a picosecond laser (Ekspla, PLL2231-50) of 50 Hz repetition rate, a
harmonic unit (Ekspla, SFGH500-2H), and an optical parametric generation unit (Ekspla,
PGS501-DFG1P). The output energies of lasers were controlled at the minimum conditions to
avoid sample damage. The polarizations were set in PPP during measurements. The incident
angles for visible and infrared beams were 65° and 55°, respectively. The SFG spectra were
measured at the channel center. A precision source/measure unit (Keysight, B2902A) was
induced to the SFG spectrometer to apply gate and drain voltages into OFET. The scanning
steps were 0.1 mm for the distribution of SFG intensities and 0.2 mm for the XY-map. The
plane of visible, infrared and SFG beams is parallel to that of source and drain in the SFG
spectra measurements but perpendicular in the distribution of SFG intensities and the XY-map
measurements. The resolutions in X and Y directions are 0.2 mm and 0.1 mm, respectively.



[#E8& - %] Whereas the effect of applying a V, of —30 V on the SFG spectra caused by
charge accumulation was discussed elsewhere[9], that of applying a Vg of —50 V on SFG
spectra in alkyl chain region of C8-BTBT in OFET is obtained in Fig. 1. The SFG spectra shape
does not change as a Vgsof —50 V is applied, showing that there is no obvious change for the
orientation of the CH3 group of C8-BTBT at the interfaces during operation. However, the SFG
background intensity decreases while a Vgs of —50 V compared to that of only applying a V,
of —30 V, because charges accumulated at the channel center transport away, resulting in a
correspondingly decreased electric field.
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Fig. 1. The effect of applying a Vgs of =50V Fig. 2. A distribution of SFG intensities at 3000
on SFG spectra of OFET in the alkyl chain cm! from source to drain electrodes while
region applying different V, and Vs

A distribution of SFG intensities at 3000 cm™! (see the arrow in Fig. 1) from source to drain
electrodes while applying different V¢ and Vs is obtained. As shown in Fig. 2., applying a V,
of —30 V and Vgs of —30 V into OFET, the SFG background intensity decreases entirely all
over the channel, compared with that in a state of charge accumulation when only a Vg of —30
V is being applied. Additionally, a nonuniform distribution of SFG intensities is also observed
between source and drain electrodes, which is caused by a bias distribution of charges in the
channel between these two electrodes while a Vas of —30 V is being applied.

This work 1s supported by a commissioned project (P16010) of the New Energy and Industrial
Technology Development Organization.
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Polarized Raman Spectroscopy of Isotopically Diluted
Single-Crystalline Ice I,
oYuki Shioya, Yuki Nojima, Shoichi Yamaguchi
Department of Applied Chemistry, Graduate School of Science and Engineering,
Saitama University, Japan

[Abstract] Ice I is the most stable phase under the ambient atmosphere. For thorough
understanding of molecular structure and dynamics of single-crystalline ice I, Raman
spectroscopy can provide fundamental information. Polarized Raman spectra of hexagonal
single-crystalline ice I, were reported by Scherer and Snyder [1], but they measured the
spectra without locating the a and b axes that are perpendicular to the ¢ axis. Last year, we
prepared single crystals of ice with face orientations fully specified and measured the Raman
spectra in the OH stretch region with all the polarization-face combinations [2]. Here we
report polarized Raman spectroscopy of isotopically diluted single-crystalline ice Iy to
disentangle broad spectral features in the OH stretch region. We will further discuss the
temperature dependence of polarized Raman spectra of isotopically pure and diluted
single-crystalline ice Ip.

[F] KLIZKREKE T TROLLEERKORERETH S, RET~ 90k, Ko
WX A I 7 A xdmT 5 BT, RRbEBORERE 52 5. BERK L Ot
T AT FUVITEEICHRE STV [1], T OEBR TR c #icEE AR —>
Ol (a, b)) OHZITED SN TR T, WEE, Fox 1T AL A E 6 7= B
KL ZEIEL, ZORNET~ v A7 MVOREERITY, T~ T 2 Y ILEATIZOWN
TH LW R AZG7 [2]. AENE, OH fR#EfEI DRIV AT LA & HIZFEMIC
BT 272012, N R ORI 7V o 7 DO FE 2K U 72 RN BB
K, DR T~ AR "MV aRIE LTz, & 502, [RNARA R M & 1R B e
IZOWT hikamT 5.

[EBRHE]  BfESEOK 1 13 Griggs-Coles 15 [3] Z HWTHEIWEL 72, H/D &4 % Ai
D H,0 JREE % 100%, 67%, 20% & L 7= 3 FE O RAARRI figeds L OIR L 7oK Z
ENHE L7z, Fig. 1a lZR 3 K 91K TSN T dbRIZIR L, basal [lX ¢ fifl, primary prism
M3 b i, secondary prism il a WIZE AT 5. 1§ O BAE AKX Shultz & D ik
[4] (> TREEDOm ATV L7z, =y F Y MNE [5] Ik o T2 EH TR
BHA/ESLL, 245K T6lY DRNHAEDED T~ AT MREETo T, &
72, BAESOK I DR T ~ v AT MV OIRERIFEE AR D 72012, %7 T4 F
A4 > K (OptistatDN, Oxford Instruments) % HW\\723 R A (ER L7z (Fig. 1b). 3 D
DI HALZ FIE LT 2B L, 77K 75 240K £ THIEZE{T-7-.

[ - BE] H0 IBEZ 100%, 67%, 20% & L 7= HifEdhoK I, © 245 K I281F 5 OH
FEREIR DRI T ~ AT R V% Fig. 2 1ZRT. AT R LD T U0k Ok fih
CRE T OX R Z T, 20X ab 72 B, a lXEORNH M E a AT TH
HZEERL, bIIMHT A2HEL DR E b VATTHD Z L E BT 5.



H0 IREN TR HIZ2o0T, Bl v 7 ) o 7R S 41, OH MiffEfEikd N R
E— 7 ENEREANZ T B L, RS oo T Z ERbnD. £, H0 K
D 3150 cm™ f7 U DS FMEFEREN RS S DRV N ROFREEA, JefTarge [1] &
X720, cc L aa E TR BHZE, Fl2aa & bb, ca k be DHEITIELL DT &
WEEEWRE L2y [2], [RREAEAIR LA SOKDEGETEH, 6 iy OmE O BIf%R
FFRETH D2 EN DD -T2, BETIHRERFEICOWTHERT D.
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Fig. 1. (a) Crystal structure of hexagonal ice I;. (b) Schematic of the optical system. H: half wave plate, I: iris, G:

Glan-Thompson prism, D: depolarization plate, N: notch filter.
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Fig. 2. Polarized Raman spectra of single-crystalline ice I, with H,O concentration of 100%, 67%, 20% at 245 K.
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Effects of atomic layer Al.Os coating on single-particle detections
using micropores
oTomoki Hayashida®, Kazumichi Yokota®, Makusu Tsutsuit, Masateru Taniguchi!
1 The Institute of Scientific and Industrial Research, Osaka University, Japan

[ Abstract] We fabricated a micropore device coating with Al.O3 membrane using Atomic layer
deposition (ALD). We formed Al203 membrane in the range of 1nm to 20 nm on a SisN4 micropore device.
Using this device, we measured ionic current changes when particles pass through micropores and
investigated pulse size and changes of detection frequency comparing each Al2O3 thickness. When we used
carboxylated-polystyrene beads (¢$0.78 um), pulse size changed depending on Al2O3 layer thickness. The
zeta potential measurement on the surface of the SisN4 /Al2O3 membrane revealed that the surface potential
changes with accuracy of less than 1 mV depending on the thickness of the coated Al20s3, by the preserved
influence of the negative charge on the SisNa4 surface.

lﬁ]ﬁ??ﬂ%x%%wtiéﬁ%@Mi TG - BB 2 AR R R & L
T?a‘zﬁ SNTW5D, ERERIERT ORL DN EXIKENC L > THFIL(R 7)) Z @i 3 5 B
(2. SEERL TN O DR T WERDRFE Y 72T BARE A A DR SN DFERE T DA
A ERENEFT D2 & T, 1 ko -FEINARETH D, ML, #EkD
RT7 o TliE, FHAERCBW TR TNICA L A EXIRBIROZZEIC LY | B x5SR
WfalmsEsZ EDRRNECRD W RERH T, BIZIL, RT ZET 5 A
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Measurement of molecular diffusion coefficient and reaction rate constant

at solid-liquid interface by total internal reflection—transient grating

O Hidekazu Moritani, Masato Kondoh, Taka-aki Ishibashi
Graduate School of Pure and Applied Sciences, University of Tsukuba

[ Abstract] Total internal reflection transient grating (TIR-TG) is a method to detect
molecular diffusion and reaction dynamics near a solid/liquid interface. We are trying to
apply this technique to observation of molecular dynamics in a lipid bilayer membrane.
Towards the application, we have constructed a TIR-TG system, and performed TG
measurements of frans-stilbene at a silica/chloroform interface and in chloroform bulk
solution. It is found that the TG signal of frans-stilbene observed at the silica/chloroform
interface is different from that observed in the bulk. We interpret this finding as indicating

that a molecular diffusion coefficient of frans-stilbene at the interface is different from that in
the bulk.
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Electrochemical controlled proton penetration activity by
grafting of aryl groups to electrode of graphene on Au

oHidetaka Hasebe, Tomohiro Fukushima, Kei Murakoshi
Department of Chemistry, Faculty of Science, Hokkaido University, Japan

[ Abstract] Here we show that electrochemical treatment of graphene on Au (G/Au)
electrode can provide the controlled defect formation in the presence of phenylhydrazine.
Cyclic voltammograms (CV) of G/Au showed increased oxidation current in the presence of
phenylhydrazine. Presences of defects were indicated for electrochemically-oxidized G/Au
electrode from Raman spectroscopy. Underpotential deposition of Cu proved that there was
no exposure of gold surface even in the presence of defect sites. These results suggest that
phenylhydrazine derivatives are oxidized and surface-deposited to form sp’ defects. On the
other hands, vacancy-type defects were created even from the same electrochemical treatment
without the phenylhydrazine derivatives. These established techniques can be useful for the
precise control of the graphene structure with defects even for the proton transport across the
graphene.
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Determination of injection barrier at metal/organic interface using

accumulated charge measurement I

oToshiaki Tanimura®, Takeshi Komino® Tokuji Yokomatsu?, Kazusuke Maenaka?
,Hiroyuki Tajima!
! Graduate School of Material Science,University of Hyogo, Japan
2 Graduate School of Engineering,University of Hyogo, Japan

[ Abstract] Charge injection into phthalocyanine (HzPc) under light illumination was
investigated in the accumulated charge measurement (ACM). Sample were thin-film
capacitors with a structure of ITO/SiO2/H2Pc/Ag, fabricated on glass substrates. The SiO2
layer was fabricated by CVD process, and the layers of H2Pc and Ag were prepared by the
vacuum deposition. Under the continuous light illumination, the current waveforms associated
with hole and electron injection was clearly observed, respectively for the positive and
negative bias voltages. However, the waveforms for the zero-to-negative (ZN) and
negative-to-zero (NZ) bias-voltage sweeps did not converge under light illumination even
after the five-times repetitions of the sweep cycles. This suggests that electron trapping is
serious under light illumination. To overcome this difficulty, modifications of measurement
procedure are now underway.

[FF] ARCEERT S RSB D EMIEAREE L, MEEEZIRET D2 EE R /XT A
— X Th b, Texld, EREEMNEACM)EL-4%2H u%ﬁ*&l‘é/é)ﬁﬁ@@%ﬁ“@‘zj\ﬁ%
BEZHBARET D ERGIEZHIE L TN D, RIFZEICBW T, A ~DOEMEA

BT 2R OB LT D 700 BHPEER ITO 2 mEMmE L, £ 1IZ Sio,
rﬁ'éf%ﬂ%%}bﬁ}z L7 HE HBHER DO ERL 21T o 72, S BIC, £ O ZEHW TR
TDO ACM EDFEER T T,

[HiE (328 - #im)l

T NIV TTT7 4 —=T v RAEHWT, T AER LIRS ITO Ef s
SiOx g & T F — b LT, fFRLZERISH L TAF I ATF LU rF
B (HMDS)IZ & B R MEAFEA1T > 72 9 2 T, HoPc, Ag ZNEFICEZEAREEE AT
S5 Z L2 K V| ITOISIO/H PC/AG 7B 2 /ERL L 72, VBB U 72 30RO f & D=
XX Fig. 1 iy Th 5,

YESL L 7= 30k % dark & 7R LED BB F D 2 D D4 F T ACMEZ FIWTHIE L,
HoPc ~DEREAIKT T D RS OB Z R ~7-, £/, WEICBWTIE, Fig. 21



P2 Y

Si0, To[ oV 7
| ITO | o
~ [
] 2l
light T

Fig. 1 The schematic illustration of the device structure.
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SiO2, on which the thin films of H,Pc and Ag were
fabricated by the vacuum deposition. The samples were
illuminated through the transparent backside electrode.
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Fig. 2 The voltage sweep modes used in
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modes, negative offset voltage of -4.9V

was added.
@ - - ! P ,
TR FE TR @lﬂ W ERed e
< <
3 £
Lzp 12134 |5 16178010 0 A (1213 1a 3 [6] 71819 1ol i i
N EEETYNISEEREERNE b ] Fig. 3 Measured current in
0 20 40 60 5 50 20 2~ the dark (ac) and the
Timelmsec] Time[msec] illuminated (b, ) conditions
(©) ! ' ! ] for the voltage sweep cycles
iNZ T s Tel 7] slolio) 1 (@ ArAen shown in Fig. 2. Note the
= = Tk extra currents due to the
.:i . s injected holes and electrons
5 § respectively appear at A and
5 g B in the data measured
ZN [1]2]314(516] 7|8 010 3/4/5/617(8/9] under illumination.
\‘\.\\.\\
0 20 20 60 20 40 60
Time[msec]

Time[msec]

AU X ICEEZEINL 72, ARIOEEHINTIZ-4.9Y OAF 71y FZ M TV D,

[k - BE]

dark & 7R€ LED HES FOZNZNITIBN T, 5V OEERINAZTT - 2R ORI 7T —
X % Fig. 312777,

(@). MIFEDELEZEIMA T L ZDEIE, (€). (IFADEEZIMAT- & E D
WThs, BIREE ((@). (¢) TIERLNRMNSTZT 7T AN, BRI T TIE, Fox
DEHNTNWDLZ Enbnd (KD AB), ZAbLITENENIELIEAL LOETFE
ANZH T 5D, —FTACM THIFF S5 ZN & PZ O OIFII A H Tz,
ZHIIERHFTECEEDF Y U TR F T v 7L LT THWD D LEZ 6D,
BAEAZELSBET 7201003, MIEHEICKBENLETH Y, BUE LI Z i
D QATN
[2E& 3]

[1] H. Tajima et al. Org. Electron. 34, 193 (2016).[2]H. Tajima et al. Org. Electron. 51, 162 (2017)
[3] T. Kadoya et al. J. Phys. Chem. C, 121 ,2882 (2017).]4]H.Tajima. et al. J. Phys. Chem. C, 121, 14725 (2017)



3P055

MARREERRISE T 500 HEEBHROBRE
AL KRBEEE, SRR, RO RESTCR
OFRUS!, IREIEN®, BLEPFFRR, £3K°, A fH% 50, ZRE AL

Investigation of bulk quadrupole effect in sum
frequency generation spectroscopy
oWataru Mori*, Masato Kondoh?, Masanari Okuno?, Wang Lin*?3,
Taka-aki Ishibashi?, Akihiro Morital*
! Department of Chemistry, Tohoku University, Japan
2 Graduate School of Pure and Applied Sciences, University of Tsukuba, Japan
3 Elements Strategy Initiative for Catalysts and Batteries (ESICB), Kyoto University, Japan

[Abstract] The sum frequency generation (SFG) spectroscopy is considered to have interface
selectivity because induced SF dipole is generated only in interface. However, the sources of
SFG include electric quadrupole contribution beyond the dipole approximation, and the SF
quadrupole can arise from the bulk region. To clarify the contribution, we investigated liquid-
vapor interface of propylene carbonate in combination of heterodyne-detected SFG
measurement and molecular dynamics (MD) simulation. As a result, MD simulation showed
that only the interface-dipole term y'® does not reproduce the experimental SFG spectra in
the C=0 stretching band. We assigned the discrepancy to the contribution of the bulk
quadrupole term, y'2B. The calculated value of y'QB is larger than that of y'P. Therefore, the
bulk contribution is dominant in the experimental SFG spectra in the C = O stretching band.

[F]

FJER A (SFG) AGix a2 I 7 n —7 5 FEE LTELS s T
Wb, oL, BT 527 F S UEMBE RO DA E EILTND &S FERAIT
FRENTW5D. SFG 2 eI A - Pl LA R mEER 2 a8 508, WUEME T
EETDENNTDEOFESNEND. BEIKOEMIRENZ BV Cid L7 T B
R DKL CTd D 2 & MR STV D P[], o8 T M ERREL S DZhFIZ DU
TIEREHFE VLTV, RKIFFETII~T ¥ 1 SFG DOEE & HigstAodt
FIZ LV REET v B L D C=0 HfEHRENC I 1T 5 v 7 TNEMRO R 2 et L7-.

~T LA U SFG 43T IR DRI RS Ky @ O5REE TN 2 THLAR & FHEI
TE50DT, LVFEMIZ VY UEMORZEwT 5 ENAEETHDH. o FE)
oI al—ya YEHWE SFG AT hMLEHE L OxtSEER LT,

(5 (528 - i)l

~T a XA EE SFG HIlE TIE, A% 630nm 12, JR4M K% 1700-1900cm™
2R E L72. z-cut Kgh &2 S RRGEHZ W CL AT MV OTREE & A DAL 2170,
RELD DAY NV BT, SFG, A, Ao, ThEh, S, S, PEL
7= (SSP{RLHELE) . IREET B B L v d SFG A~ ML OBREFE L. MR-l
HEoL b o[R1E v,

C=0 HHEHEENZ X9 2 W EMH KD ¢ BT, ST D510 %FH50OFfE LT
LT3z —REAXTEHEHE LZ[3].
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Fig. 1. Im x(z) spectrum (SSP) of propylene carbonate by (a) heterodyne experiment and
(b) MD simulation.
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Preparation and optimization of the Langmuir-Blodgett films of
a sulfonated fullerene and its ion-charge selective electron transfer

oYuta Mizuno!, Takumu Nomura?, Yusuke Kawasaki?,
Kazuyuki Hino!, Kouji Miura!, Hideki Katayanagi®3
! Department of Chemistry, Aichi University of Education, Japan
2 Department of Photo-Molecular Science, Institute for Molecular Science, Japan
3 Department of Structural Molecular Science, SOKENDAI, Japan

[Abstract] Langmuir-Blodgett (LB) monolayer film electrodes of a sulfonated fullerene
having a C6 alkyl chain were fabricated. For single-layered film deposition, we examined
experimental conditions such as compression speed of Langmuir films and transfer speed onto
the substrate. As a result of measuring the film thickness of the single-layer transferred
substrate, it was confirmed that a film having a substantially uniform thickness was transfered.
Cyclic voltammograms of redox reactions of Ks[Fe(CN)s] and [Ru(NH3)s]Cls were obtained
using the LB film electrode as a working electrode. The results show that the LB film
electrode has ion-charge selectivity of reactants for electron transfer.

[FF] 77— v dskiRERZA T 207 THY, EIRIZHBERDEDN > TN,
e B, ﬁ%m@%@%%otw%ﬁwA%fﬁ éhfmé.ﬁ@%,73~v
VRN 1D B R HERE S BRI, BT N AL LTCORASRHE SR
TWa., T’xiFonEzTI Wﬁﬁ$®77 LyHERTH D iRk 7 —1 )
AL, ZOFFEIRS %75>w1ﬁz§?~ﬁ IR (L) 2Rk 2 EZFIH LT,
Langmuir-Blodgett (LB) {52 & 1, ﬂ%ﬁﬂkﬁﬁ%i‘ﬁ 11 B G35 2 & #ilA T E 72 [1].
Lo L, BERIEZITT-/ER, BlrtEs &> TH—ICATND Z L3R T
HOO, 1 JEFEIRET 5 Z LN TE RN

Z ZCAR], HBREEREIZESR LT, T - BMEEE ORI 2 elA, FERIZER
BEINTENE—Thd I L aMRT 52 LT Lz, AFIETIE, il ClEIRE
L7 ITO A7 AEMRZERHNTH A7 U w7 « RAAZ A N — (CV) WEZITH.
T = U MESREER Ka[Fe(CN)e]EB L OV F A M7 = o ASEIA[RU(NH3)s]Cls Dfigfl
BICSUNZOWT, THE TOMEOHEMEICMZ T, SEEHTRESRMAICLD
LB EAFR L, U7 AEREWE LMt 7 — L OBFBEIZHLZ L%
HiE45.

[EBR] Wit 7 —L v OAKRITLL TO L 21247 o7-. £, 7 ool d g
He R TR ALT I UVEHEIE, 79—V EXRTRILVAT VT E REMZ
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it,_MEG%%T?EHKWE%#?IK)ﬁﬁx%W
IR B 21TV, ZOEREIEREMmRE LT, 7 =4 Mgk
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b7 77— LBIEIX, @RISR EMRIKFL T, BT
A EE LN T ERNB LN

o7z,

[2% 3]
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New ice structure formed around carbon nanotubes

oMasaru Yamasaki], Takuma Yagasakiz, Masakazu Matsumoto® , and Hideki Tanaka’
!Graduate School of Natural Science and Technology, Okayama University, Japan
?Research Institute for Interdisciplinary Science, Okayama University, Japan

[ Abstract] It is known that one-dimensional ice structures, which are different from any
bulk ice, form in carbon nanotubes (CNTs). Such unique ice structures may form outside of
CNTs. In this study, we perform molecular dynamics simulations of water in the presence of
single-walled CNTs arranged in a triangular lattice. We find that a new ice structure forms
between CNTs when there is a gap that can accommodate two water molecules between the
CNTs. It is also found that the melting point of this ice is higher than that of ice Th. This result
suggests that brush structures of CNTs might be applied to heat storage and desalination.

[#E] 1—RLF /) Fa2—TF(CNT)LF T 7 = 2D THERIC L #EEEZ o
WMETHDH, BFEDORKEEIOELZEZ LD CNT WENIKEZEBE AT S &, BRI ED
IKIMAERKRT D Z EMMBILTVWA[L,2], TiE CNT OAMANZ T & DRl 7ok i 13 72
WDTEA D 2 RAFFE CTIIELE O CNT %2 =A% IR, CNT O TANR ED &
IIEEEFF OO S FENIFMD)Y R 2 L—a YR AW TR,

[I=2Vb—va UFEE] Fig | ITRTE2ITKOAL O, KE CNT 2351
ETHMHBRH L L OIZKE CNT 2R HFEEANICEE L7, 2 2 CCNT ZEH5
REMEDOS & TEAKFIRICES K D IZEE L TW5, CNT OfFHERECNT Ofiif]
FEEEN O EREZZLGIWEZ L D) F a2 —T DR S DR HZEHOYIREEZE-T-,
JE) & —EITHRDTZDIT, 2 b OYWIREEIC KM OERA I 2, FHEREEZ — &I
PRO72IZ ONT 2 ZZRICEE L, BERE - EORMETHFENFMD)Y 2 2 L —
va yEAT o T, KT DET WX TIPAP/2005 % . CNT O E 7 /L iZ1% OPLS-AA[3,4]
W=, CNT OFIRIE, B 0.81 nm. WA 7 VT 1(6,6). Wiukid/KE CESGL
B & Lz,

Gas Gas

Water Water + CNT

Fig. 1. Initial structure
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Measurement technique to quantify OH radicals photochemically
generated on the ice surface at 8-70 K

oHiroaki Nishimotol, Akira Haratal, Akihiro Yabushita'
! Faculty of Engineering Sciences, Kyushu University, Japan

[ Abstract] More than 170 molecules have been detected in the interstellar medium.
Interstellar molecular clouds are composed of gas and cold dust grains. It is presumed that
reaction processes of many molecules are involved in oxidative atoms/molecules generated by
photodecomposition of molecules adsorbed on cold dust grains. OH radicals are considered as
one of them. However, it is difficult to directly quantify OH radicals generated on the ice
surface. Theoretical and laboratory studies suggest an efficient CO + OH — CO, + H due to
its low activation energy barrier. In this study, we have tried to quantify OH radicals by
measuring CO, produced by the reaction of CO with photochemically generated OH radicals
on the surface of ice film. In addition, we have tried to quantify OH radicals on the surface of
the amorphous solid water and polycrystalline ice.

[F] FHICIEXRE L HEORICE S BRMENFELTEBY, 4% T 170 fEM E
D F VBB IV TND, EOHRTHEBE T D T AR5 "8 CAET
LRI ER S TEEMTN, EOFITIIRESTA R EZEZE L, REPKIZED
AVTOKBEENGAET D, BE < O T OAERBGRIRIC, KRR E O Y60 TR
XD SOED EN G138 X ORI X 2 BRSSO O B 523 HERI S v T s D [1],
ZD—2L L TOH ZVHINANETbIND, €2 TR TIL, BEEINCRETIZ X
B IK DN EBICRIEIAFAET D OH 7 P HIVORIE ik iz, OH 7 ¥ /WiTiF L
A ETEMHAL =RV F—72 LT CO &L LT CO ZAEKT D, ZDOKIGZEFIHL TR
AN 53 Y635 CIRE BRI E DS IR 7ok Rl HICAFET D OH 7 U VB4 CO, Lk &
o RIS o7,

7 E/LT7 7 AK (Amorphous solid water; ASW) (3% fLE CIERG M OMEE ZFFo, 5
B9 % & ARALFRICS T & O 245K (Polyerystalline ice; PCI) 12275 (2],
A U Tt ASW. PCI EFEENELT D Z LI E > T, DT OREBEDELLR
DACFEROLNEEEZ 5 2 ENHE SN TWD, £ 2 T H0 OIEEL & BEZREAEIC X
% OH 7 ¥ I VAR O BN b~ 7,

[EBR] EBIITES~1 x 107 Pa FTHEZES & LEBREZLETF v U X—NTITo 72,
T X —HLENAE 2 AT T AR A~ 7 AERRIC LY 8 K ETHEAEIL T,
ASWITFEERIEESK T — 27 NV T 2 HWTH0 & F v VU N—NIZEAT S Z LT,
4R 1228535 L C 10 ML PERR L 72, K 2 FHBEIE 10~100 K F2EE O BREEICAFAET D
728 .70 K THRFE U7ToKERE & VERL L 72, PCTIT ISR 142 K TH,0 27835 L7=%.
EHRIEE 1S3 KICHIREL TR0 7 =—/L LI=%IC8 KITHAI L T 10 MLERL L 7=,
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CO,MEKR LTz EEZEZBND, CO, DAL
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Formation of spatially focused ion beam
in reflectron time-of-flight mass spectrometer

oTakefumi Handa®, Arakawa Masashi'?, Takuya Horio'?, Akira Terasaki':2

!Department of Chemistry, School of Science, Kyushu University, Japan
2Department of Chemistry, Faculty of Science, Kyushu University, Japan

[ Abstract] Reflectron time-of-flight mass spectrometer (RTOF-MS) is widely used to
improve mass resolution of Wiley—McLaren type TOF-MS. Upon extracting ions that spread
over the ion-acceleration region, it is usually difficult to detect all the ions due to divergence of
the ion beam after the reflectron. Here we present a novel design of RTOF-MS that enables
us to focus such ions on an ion detector. Ions are extracted from non-linear Wiley—McLaren
electric fields and are reflected by a two-stage gridless ion reflector coupled with an additional
ion lens, which successfully compensates for divergence of the ion beam. Our novel design
of a reflectron will be presented along with its performance based on ion trajectory simulations.
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Fig. 1. A 3D model f conventional reflectron and the results of ion trajectory simulations for the ions that
are uniformly distributed in (a) a sphere of $1 mm and (b) a column of $12 and 16 mm long.
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Fig. 2. (a,a’) Schematic view of a stack of reflectron electrodes with a double-hole front plate. 14.5 mm

(a”) A result of ion trajectory simulation for (a’). (b,b’) Schematic view of a stack of reflectron .
electrodes with a glassframe-type extra ion lens. (b”) A result of ion trajectory simulation for (b”).
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Theoretical Study of Hydrogen Storage in Nanocarbon Cube
oMisaki sato, Shigeru Ishikawa
Department of Chemistry, Tokai University, Japan

[ Abstract] Hydrogen storage in a nanocarbon cube with a side length of 10 A is studied by
qguantum chemical methods. The nanocarbon has a form of a truncated cube which consists of
eight benzene rings connected by twelve methylene groups at the carbon 1, 3, 5 positions of
each ring. The MP2/cc-pVDZ calculation shows that the molecule storages up to six hydrogen
molecules in the cavity and achieves storage densities of 1.6 wt% and 20 g/L.
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Fig. 1. Nanocarbon cube tC-CgoHs>.



Fig. 2. Optimized structures of (H2)n@CgsoHs. obtained by the MP2/cc-pVVDZ method: (a), n=1; (b), n=2; (c),
n=4; (d), n=6.
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p LTz

Table 1. Total adsorption energy of hydrogen molecules.

Number of molecules Adsorption energy (kJ/mol)
1 -8.1
2 -10.3
4 -7.2
6 -5.6

X 3IZZDETERT. 10 1bic
D DO FE T R —1X, FEBEIC
W45 Enbnot-.

SEIRGT X, A FNERICKSR 6
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Fig. 3. Adsorption energy per hydrogen molecule.
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