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Basic Cell Size Dependence of Diffusion Coefficient for Macromolecule

in a two-dimensional Lennard-Jones Fluid.

oMasaaki Nagao!, Ryo Akiyama'
! Department of Chemistry, Kyushu University, Japan

[Abstract]
We examined basic cell size dependence of diffusion coefficient for macromolecule in a two-
dimensional Lennard-Jones fluid by using molecular dynamics simulation. Diffusion
coefficients for various macromolecule has been calculated. Those are not so easy because
motion of macromolecule causes a flow of solvent molecules. The hydrodynamic effect is
important in the calculation because this flow affects long range and the convergence of
system size dependence is slow. Actually, the diffusion coefficient becomes larger as the basic
cell size increases. In the present study, basic cell size dependence was analyzed for a two-
dimensional simple model and we found appropriate scaling.
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Fig.1 Auto correlation function of each basic cell size Fig.2 Diffusion coefficient of each basic cell size
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Study of photoisomerization reaction between 1,3-cyclohexadiene and
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Nonadiabatic ab initio molecular dynamics with PME-ONIOM scheme
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[ Abstract]

Photochromic molecules attract great interest in many fields of photochemistry,
biochemistry and material science. Photoisomerization process between 1,3-cyclohexadiene
(CHD) and 1,3,5-cishexatriene (HT) is often featured as a simple model system in studies for
photomechanisms of large photochromic molecules. To observe solvent effect in nonpolar
solvent, the ab initio molecular dynamics simulation based on ZN-TSH was performed on
PME-ONIOM hybrid model. In addition, to consider the effect of molecular vibration for the
energy transfer, we used the model whose cyclohexane solution has fixed bond length. The
results for MD simulations shows that the energy relaxation in the fixed cyclohexane is slower
than in the normal cyclohexane.
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Table 1. CHD:HT branching ratio of the products
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Fig. 1. Fraction of trajectories in S after Fig. 2. Fraction of trajectories in S after
photoexcitation to S; in cyclohexane solvent photoexcitation to Si in cyclohexane with fixed

bond length solvent
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[Abstract] We performed density functional theory calculations to elucidate the reaction
mechanism of CO, reduction by Manganese electrocatalysts using Mg at low-overpotential
(1.6 V). The calculated reduction potential suggested that the one-electron reduction of Mn
complex accompanies with the removal of solvent and the second electron reduction is
facilitated by the coordination of Mg** to Mn. The CO, binding to the Mn center occurs only
after the second electron reduction. The generated Mn—CO, complex is stabilized by Mg”"
coordination to the two oxygens in the CO,, leading to the formation of complex
MnCO,-Mg*" which has been trapped in the experimental study. The second CO, binding
into the MnCO,-Mg”>" complex is followed by the C—O bond cleavage forming CO and
carbonate. The C—O bond cleavage is the rate determining step in the whole catalytic cycle.
The computational results suggested two critical contributions of Mg®"; (1) increasing the
reduction potential by binding to the Mn complex, and (2) making lower the activation barrier
of C-O bond cleavage than the Bronsted acid. The obtained knowledge should be helpful in
designing of efficient homogeneous catalysts for CO, reduction and exploring the acid which
promotes the catalytic process.
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[Abstract]

Photolysis of SO4? in water after excitation to the second and fourth excited states (S; and Ss)
was studied by an on-the-fly ab initio molecular reaction dynamics (MRD) simulation based
on Particle Mesh Ewald summation with ONIOM model (PME-ONIOM). SA-CASSCF
IMIDI4* basis set was employed to describe the electronic structure of SO42 (QM part); the
water solution was treated at MM level. At the photoexcitation to S, the two different
dissociation channels, O(!D) + SOs%(1'A1) and O°(°P) + SOs (12A1), were found. But the
vertical excitation energy was 9.96 eV, which means that the photolysis might not happen by
solar-flux. On the other hand, we found dispersion function for basis set plays an important
role to reduce the excitation energy by 5.30 eV. Therefore, on-the-fly ab initio MRD are going
to be re-executed at aug-cc-pVDZ basis set. We will discuss the result at that level.
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Table 1. Vertical excitation energy that calculated by CASSCF method / eV

Basis function

State MIDI14* cc-pvVDZ cc-pVTZ aug-cc-pvDZ
S1 9.76 9.56 9.13 5.14
S2 9.96 9.76 9.26 5.30
S3 10.5 104 9.73 5.37
Sa 11.1 10.8 10.3 6.67
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Effect of multivalent cation on interactions between negatively charged
biomolecules
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[ Abstract]

Negatively charged biomolecules immersed in an electrolyte solution, such as cytoplasm,
interact each other. The effective interaction depends on not only electrolyte concentration but
also the charge of cation. In our previous studies the biomolecules have been modeled as the
large anionic particles. However, effective potential calculated using the model did not agree
with the experimental results qualitatively. We assumed that the effective attractive
interaction between biomolecules attributed the effective interaction between oxygen atoms in
the dissociated carboxylic acidic groups on the surface of biomolecules. Our calculation
results by using HNC-OZ indicated that only multivalent cations mediated a strong effective
attraction between O-sized anions at a certain concentration. The concentration dependence
for multivalent cations concluded as follow. The effective interaction turned from repulsive to
attractive as the electrolyte concentration increased, and the effective attraction decreased
when more electrolyte was added. These behaviors agreed with experimental results for
reentrant condensation of acidic proteins in various electrolyte solutions.
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Fig. 1. Potential of mean force between macroanions in electrolyte solution. (a) Cation in solution is mono
valent, (b) Cations in solution is divalent.
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Transition state theory analysis of hydrogen-bonds breakage in supercooled
water: temperature dependence of transmission coefficient and physical
implication of activation energy

oTakuma Kikutsuji', Kang Kim', Nobuyuki Matubayasi'
! Graduate School of Engineering Science, Osaka University

[Abstract] Abstract in English (ca. 150 words).
In supercooled water below the melting temperature, tetrahedral structures of hydrogen-
bond(H-bond) net- works become remarkable. The dynamics of water at low temperature was
very slow and believed difference for one at high temperature, however the effect from
decreasing temperature to structure transition represented H-bond to dynamics was elusive. In
this study, we examined how H-bond breaking processes change in supercooled water with
decreasing temperature using molecular dynamics (MD) simulations. We calculated the water
systems with supercooled process by using TIP4 model. MD simulations were performed in
the NVE ensemble at temperatures from 300 K to 190 K. From analysis, we found transition
state theory for H-bond was broken and reason of these was derived that the transition path
way of H-bond was branched off two ways, which was hidden the general used distribution
maps and we found by using new analysis for distribution map, temporal development of
distribution map.

[F]

Ky DR T OEENEL, K FREAIC L > TR S ® v b T — 7 HdE Ok %
O ZENRFBNTEY, 2D DMK D A T =X N33V 7 Lk S TIT R 72
2 AT BT HIK B W TOKFERE B O 23, IR0 /v 7 KPR TEL D Z LR H L
NTWHEEEZ vt R & GBGANKEBIC R DI ONBAEIC R D E T a2 2D 2 50O
TREANES D I L el L.

AHFZETIE 2 2O vt APFFITRIE THEBRE~ED LD ’%7&.“@5%:57;6 D
M JTFEMD)Y R 2 b—3 3 U aE B KET L TH D TIPAP (2% L CREFE Z1T0), K
FiaRy MU —7 O L E L7 v X DORRIC OV TR L 7-.

[GiE (FE - Bl
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Fig. 1: Time evolution of normalized populations for Hydrogen bonding breakage
regions at temperatures of 300 K (a) and 190 K (b). red shows breakage with

rotational motion Pg(f), blue shows that with translational motion P(¢).

10 . . . .

3 ([ ] THB (ps)
107 A TR (PS) i . ;
A (ps) Fig. 2: Temperature dependence of the maximum

times in PR(t) and PT(t) as denoted by tr and 1r,
1 respectively. Comparisons with tyg are also
shown. The straight lines represent Arrhenius
behavior exp(E4/kgT) in the high and low
temperature ranges with activation energies with
10°5—35—4 45 5 55 Ea=17.9and39.6 kJ/mol.
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An improvement in the free energy functional for molecular liquids based
on the fundamental measure theory and its application to the interfacial
properties
oTomoaki Yagi?, Hirofumi Sato*?

! Department of Molecular Engineering, Kyoto University, Japan
2 Elements Strategy Initiative for Catalysts and Batteries, Kyoto University, Japan

[ Abstract] In the density functional theory (DFT) of classical liquid, the second-order
Taylor series expansion of free energy functional so called the hypernetted-chain(HNC)
approximation is often used. The HNC approximation, however, overestimates the
thermodynamic quantities such as solvation free energy and pressure etc. Fundamental measure
theory (FMT) is most successful and most accurate density functional theory for hard sphere
fluids. Recently, it has been shown that hard sphere fluids provide the reference system that can
be used to improve the free energy functional for realistic molecular fluids. In the present study,
we calculate the liquid-vapor coexistence curve of the Lenard-Jones fluid based on the FMT to
investigate its applicability to the interfacial properties. The Ornstein-Zernike equation with
closures is solved to obtain the direct correlation functions for bulk fluids and the density
distribution functions. The coexistence curve obtained from the present study shows quite good

agreements with the simulation result except for the high-density region.

[F] &A% LB Tk, KK EZZRAL LT, BHHZXLX—R
RIS AR DRFTEE DD 5 2OV T 2R DOIEE T Taylor BRI 5 HNC Tl
LIZLIZHWSND, LxL722Ad S, HNC EfUIEEEfM B B r L X —0E e &
DOENZEZBRIHMET 5 2 &5 TE Y [1] REWIEE2 EENICEwmT D720
IRV X —RAOKERNLETH D, —FH T, MHRERIRIE D% LB B <
& B FAM| FE BEER (Fundamental Measure Theory, FMT) Tik. HIMAER D % (i) & % H >
T, WEERIRIAD B =3 VX — B Z EENICERT DI LITHEHILTWD, i
. FMT (IZESW I AR R L — B OMIEIC L - T, BB R x L ¥ —
DOFBREEN RIS EIND Z ERHESNTND[2] . ABFETIE FMT 12K
VT Lennard-Jones(L)) VRO XIKILAFHMR AR L, FMT O mtt~oisH %
et 2,
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b = lp(o)] - Qo] + 5ogpod® ~ 1), P = ~Slpol/V
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TP RT vy VEENEHERE L, [URFEESEM 1lonT) = wlpg, T) & P(p,T)
= Plpg, T) 2373 P 2Py 2 FRE TR, 0Z 7T Kovalenko-Hirata(KH)
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Fig 1. Liquid-vapor coexistence curves in
temperature-density plane for Lennard-Jones
fluid: solid line, KH-OZ/FMT result; dashed line,
HNCB-OZ/FMT result; open circle, simulation
result from Ref. 4.

TLERTLTETH D, Table 1. The critical dens1}t§/ tand temperature.
T./ers  pef o";__,
I\.II-()ZI,."‘I":\“' 1.310 00.301
[ﬁ%iml Simulation(Ref. 4) 1.316  0.304
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Theoretical study of solvent effect in nucleophilic substitution reaction of
propargylic alcohols derivatives

oSatiko lida, Kenta Moriwaki, Ayaka Akiyama, Shinkoh Nanbu
Faculty of Science and Technology, Sophia University, Japan

[Abstract] Nucleophilic substitution reaction of a propargyl alcohol derivative is one of
organic synthetic methods for introducing a compound into a carbon skeleton having an
alkyne chain. In the previous study, two methods were carried out to incorporate the solvent
effect. First, the potential energies were calculated with PCM and electrostatic embedding
(EE) models for solvents. However, the results were not reasonable for describing the
solvation-dependent product-yield observed in organic synthesis. In this study, we aimed to
search Intrinsic Reaction Coordinate(IRC) of this reaction and to reproduce the observed
yields depending on solvent types. As the result, we obtained a Transition state (TS) structure.
Moreover, we searched IRC from TS to product. On the other hand, we are going to examine
the entire reaction route of the nucleophilic substitution reaction of the propargyl alcohol
derivative and execute MD simulations by PME-ONIOM model together with free energy
evaluation.

[FF] REEWLSIZ I T DA R ORI SUSMEIC 5 2 2 BN K&, ERT
ITEBERMELE > TS, T LT L a— LEEERO R B ST T V¥
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VXL T IV 2 — VB EAR O REZE LSO N AL A X E WA Z T T
X AN E SIS, R LA X3 e P oAb A RO TR G EVIEEE R L,
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Maller-Plesst2(MP2) i = R /L —FERI 2 VERL L 7c & & AEBROIE L FH T 251
Eleolo, TR TIE, BEAKCRE %KD, PME-ONIOM £ 7 /LIZH5< 4
FENFHRELIVELND AR RLXF = B IEERER O R 2 B L OV
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[BHEFE] A2 IRC FHE L 0 A KGR 2 ki, BT LFFE T 7 F Ao
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[ A SR & e TR ZENC 3% Y 9 2 IO B % Ll .
LTeRT oy v x VX —HEM%Z Fig2.llR-d, 4 A,‘)‘ﬁ

J
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(IRCZ)%_”ﬁO 7. IRC1 Fig. 1. Transition state structure.
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Ab initio effective fragment potential-molecular dynamics simulation of
supercritical fluids

OHirotoshi Mori ', Nahoko Kuroki**
! Faculty of Core Research, Ochanomizu University, Japan

2 Precursory Research for Embryonic Science and Technology programs

Japan Science and Technology, Japan
3 Department of Chemistry and Biochemistry, Graduate School of Humanities and Sciences,
Ochanomizu University, Japan

4 Advanced Information and Communication Technology for Innovation

Japan Science and Technology, Japan

[ Abstract]

Effective fragment potential version 2 - molecular dynamics (EFP2-MD) simulations,
where the EFP2 is a polarizable force field based on ab initio electronic structure calculations,
were applied to predict the static and dynamic liquid properties of compressed liquid. By
analyzing the temperature dependency of the radial distribution function, the auto-correlation
functions of velocity (Cy(t)) and the self-diffusion constant, we clarified that the ab initio EFP2
force field can effectively describe the properties of compressed liquids. These descriptions
can be performed with at least semi-quantitative accuracy and at a sufficiently low
computational cost. In the EFP2-MD protocol, no force field training is required. This
training is mandatory when simulating liquid properties with classical MD techniques
(especially in extreme conditions with high pressures and temperatures). EFP2-MD is a
promising technique for predicting the physicochemical properties of novel functional
compressed liquids, including super critical fluid phase properties.
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RN %ﬁﬁ%ﬁ&%%@%r)xﬁ@u ACHY, KBRS TFROET Y T HY
oD, 20D, F—HEO L)L TCRBENREDO ST ab—ra a3
THZ L, AEIA NOBANORETH -2, RFEHTIL, ITERR 2 285 B
D TCEXIE—FES Y Ial—a B BT 77 A AT Uy IV
#1)%1E (EFP2-MD) 7%, MERFR TG & ERM L~V Tl TR TH 5 2 & 2 #
T 5.



(& 5]

Hh7 T 7 A biRT ¥ b (BFP2) 1%, B etE %2 v —RE
MICIRET D ENTE DR IGTH D, [4,5] &0 TOEIRER, /o TEER
LT, GRS & RECEMOMEER L L TEHEIND. ZUC Xk &1
{LFFHE L RRREORE 2R B2, o FRMAIERZ T MD ICHET 2 E CH
HWICEHRTHZ N TXS.

AT, aug-cc-pVTZ FEERELTAH A (Ar - Kr) @ EFP2 Ji¥5 % ERK L7z,
YER% L7= EFP2 110K ERMEZRIL CCSD(T)/aug-cc-pVT(Q)Z L ~L®> LMO-EDA f#
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Synthesis, structures, and physical properties of molecular conductors
based on new ST-STP donors aiming at intramolecular charge-order state.

oNaoya Kinoshita', Takashi Shirahata', Yohji Misaki'*
'Graduate School of Science and Engineering, Ehime University, Japan
’Research Unit for Power Generation and Storage Materials, and Research Unit for
Development of Organic Superconductors, Ehime University, Japan

[Abstract] We have been interested in correlation between physical properties of molecular
conductors and intramolecular charge disproportionation of donor molecule in radical cation
salts, and have developed various donor molecules. (ST-STP)ReO4, where ST-STP is a bis-
fused donor composed of TTF and TSF, exhibited semiconductive behavior with low
conductivity. A positive charge in the ST-STP molecule is localized in the more powerful
electron-donating TTF moiety. On the other hand, the salts of ST-STP and its derivative 1 with
donor : anion ratio of 2 : 1 exhibited metallic behavior. Remarkable disproportionation of
positive charges in the molecule was not observed. In this investigation, we synthesized a new
donor 2, on which electron-withdrawing methylthio groups were introduced to the TSF skeleton
of 1, in order to achieve intramolecular charge disproportionation. Also, the structural and
physical properties of (2)4X (X = PF¢ and AsFe) are discussed.

[F] Fex X, 7B FH U RICBT 55 FHNOER ORI L Ytk & OFEBNC
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Fig. 1. (a) Donor arrangements (left) and band structure (right) of (2)4PF¢. (b) Overlap modes of donor molecules
bl (A—A, left) and b2 (B-B, right) in (2)4PFs.
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Blue-light induced macroscopic oscillation of a crystal composed of an
azobenzene derivative with an aliphatic carboxy group

oShinnosuke Satonaga®, Tomonori lkegami?, Hiroyasu Sato?,
Yoshiyuki Kageyama®, Sadamu Takeda®
! Graduate School of Chemical Sciences and Engineering, Hokkaido University, Japan
2 Rigaku Corporation, Japan
3 Department of Chemistry, Faculty of Science, Hokkaido University, Japan

[Abstract] Aiming to construct molecular robots, it is important to establish a mechanism
by which an assembly of molecules continuously moves with consumption of a certain energy.
Previously, we have reported a macroscopic and self-oscillatory motion of a crystal composed
of an azobenzene derivative and oleic acid with dissipation of light energy. Here, we report a
motion of crystals of the azobenzene derivative without oleic acid and its crystal structure.
The oscillation cycle depends on the irradiation light wavelength and its intensity. Each cycle
consists of four processes. Crystal structure analysis revealed that there are six independent
molecules in the unit cell of the crystal.
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Fig. 1. Schematic molecular structure of
azobenzene derivative (1).

Fig. 2. Micrographs of self-oscillation of a crystal
under 435-nm light irradiation.
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Crystal Structural Transformation of Bis-Urea Macrocycles Coupled with
Gas Sorption

o Guohao Yuanl, Takashi Takedal’z, Norihisa Hoshinol’z, Tomoyuki Akutagawal’2
! Graduate School of Engineering, Tohoku University, Japan.
2 IMRAM, Tohoku University, Japan.

[Abstract] In this study, two kinds of hydrogen-bonding molecular assemblies of bis-urea
macrocycle derivative were selectively obtained from various guest molecules. The first one
was 1D columnar tube, whereas the second one was 2D interdigitated layer. These two
structures could be transformed to each other through the suitable guest absorption-desorption
process. Especially, the columnar assembly showed the selective adsorption for COa,.
Controlling in the structural transformation was achieved by the gas sorption behavior from
the vacant state to the selective CO, sorption state.

[Introduction]
Hydrogen-bonding urea derivative

-B
N

is a versatile molecular building *rrP\‘

bock to design interesting d © _Q 6 _Q

self-assembly structures.

u

1
Flexibility of hydrogen-bonding e Q Q Q
organic  frameworks is  an RN N N
important point to form functional kN)
materials. Shimizu et al. reported a ve
novel urea-based macrocyle 1 and Fig. 1. Synthesis of bisurea macrocyle (1).
the hydrogen-bonding

one-dimensional (1D) tubular self-assemblies.!"! In this study, macrocycle 1 showed structural
diversity with different gas absorption performances.

[Experimental]

Synthesis of phenyl ether bis-urea derivative 1 was carried out according to the previous
methods.!"! N-bromosuccinimide, benzoyl peroxide, and p-tolyl ether in CCls were refluxed
during four hours under N, resulting in the white precipitate of 4,4’-oxybis(benzylbromide).
4,4’-oxybis(benzylbromide), trazinanone, and NaH in fresh THF were refluxed during sixty
hours under the N, condition, then the triazinanone-protected compound was obtained by the
recrystallization from CHCl;, which was refluxed in 1:1 ratio of 20 % NH(CH,CH,OH),
/H,O : CH30H overnight due to the deprotection. The needle crystals 1 were obtained by the
crystallization from acetic acid.

The host—guest molecular crystals were obtained by the recrystallization of 1 from the
corresponding solvents. The structure transformation was studied by exposing aphost 1 to
solvent vapor in a seal chamber, and the guest absorption followed for 3-7days. The structures
were confirmed by PXRD.



[ Results and Discussion ]

The 1D columnar structure (S3) was filled by AcOH by the crystallization of 1 from AcOH.
After the desorption of AcOH from tube, the apohost 1 (S1 state) was exposed to various
solvent vapors. The flexibility of vacant S1 was found during the absorption study. Depending
on the guest molecules, the host-guest complexes were classified as two different structures,
including 1D columnar S3 and interdigitated S4 (guest is 3.,4-difluroaniline). After the
desorption of guests, whether S1 or S2 were obtained. Surprisingly, S2 can be converted to S3
by AcOH re-adsorption, suggesting reversible S1 - S2 transform by suitable guests sorption.

— mb Nonporous
17 - L —py, Structure

w Porous

Channel S2

Fig. 2. Schematic structural transformation and crystal structures of 1 with guests.

A variety of guests were loaded into S1 to study the factor which can affect the transformation.
From the result, it is clear to see that the molecular length play an important role to control the
structures after desorption. Though single acetic acid molecule is short, it can form dimer in
the porous channel, hindering the structure transformation. In contrast, dichloacetic acid was
not able to form dimer in the tortuosity channel due to the big size of chlorine.

Increasing Decreasing

Molecular
Length

Acetic acid dimer, Dichloroaceitc acid,

1,7- Diaminoheptane 1,3-Di§mipopropane,
S1 1,5-Diaminopentane

Fig. 3. Schematic of architecture transformation induced by guests.

The porosity of S1 and S2 states was confirmed by N, and CO, gas sorption measurements.

There was no N sorption behavior in both S1 and 82, s

states, whereas S1 state showed significantly higher | assemmre e r e eremenae

CO, absorption behavior. The size matching effect L2 ® S1,C0,at 195K

between the CO, and pore diameter played an _ "2§: ® 2. C0O,at 195K

essential role. On the contrary, S2 state did not show  Zu. o{é ® s51,Nat77K

the sorption behavior due to shrinking after the 7, .i2 ® s2.N,at77K

removal of guests. Through controlling in the £ s @ Sorption

structure conversion, the gas sorption abilities from =" °} (O  Desorption

non-sorption of S2 state can change to selective — 0.4/

sorption S1 state for CO,. o2k o
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Molecular dynamics for inner structure of lithium ion doped plastic crystal
oKoki Ishiharat, Syuichi Ishimoto?, Satoshi Kubota?, Masahiro Fujita®, Shinkoh Nanbu?
! Graduate School of Science and Engineering, Sophia University, Japan
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[Abstract]
Organic ion plastic crystal is expected to be applied as the solid-state electrolyte for
electrochemical devices. In this study, a purpose is to elucidate the inner structure of lithium
ion doped plastic crystal [C.DABCO][NTf:](Fig.1) by using molecular dynamics (MD)
simulation, which is known having plastic crystal phase in previous work. Then, we have
found the coordination between the lithium ion and the oxygen of anion([NTf:]") in the
trajectories. Additionally, we evaluated the rotational motion that is unique for plastic crystal
by the rotational auto correlation function. For cation([C.DABCO]"),there are the whole
rotation but, for anion([NTf:]") only the inner rotation of CFs. This rotation is considered to be
relate to the diffusion of ion in plastic crystal.
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Fig.1. lon pair in plastic crystal
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Fig.2. Plastic crystal super cell
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Thermodynamic study of the k-type organic superconductors

around T, in the Mott boundary region
oMatsumura Yuki', Shusaku Imajo?, Satoshi Yamashita®,
Hiroki Akutsu®, Nakazawa Yasuhiro®
! Department of Chemistry, Osaka University, Japan
2 Institute for Solid State Physics, the University of Tokyo, Japan

[Abstract] The ground state of k-(BEDT-TTF),X is known to change its electronic state
from Mott insulating state to superconductive phase in accordance with the change the ratio of
on-site Coulumb repulsion U and band width W, which is tunable by pressure. In the k-type
salts, previous works have revealed a first-order metal-insulator transition line between Mott
insulating phase and superconductive phase. The unconventional feature of superconductive
phase is revealed by magnetic fields dependence of the heat capacity. Previous work reported
that the superconducting transition near the boundary shows large AC,/T jump. This result
suggests a very strong coupling in pair formation. To get information about mechanism of
superconducting in strongly correlated electron system, we measured the heat capacity of
partially deuterated k- (BEDT-TTF),Cu[N(CN)].]Br around the T.. Precise tuning near the
boundary has revealed further enhancement of coupling strength detected as kind of
divergence of Cy/yT.. It suggests electron correlation is essential for the pair formation in the
dimer-Mott system.
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Theoretical study on moleculer dependence of third-order nonlinear optical

propertyes for dicationic diradical systems

(OWataru Yoshida' Kyohei Yoneda' Masayoshi Nakano®
'Department of Chemical Engineering, National Institute of Technology, Nara College
2Graduate School of Engineering Science, Osaka University

[Abstract] The second hyperpolarizabilities (y) of one-dimensional hydrogen chain model
systems with various charge states are investigated by using Sum-Over-States method to
elucidate charge effect on the y of one-dimensional multiradical systems. It is found that the
v value of the dicationic Hs4 chain is much larger than y of the neutral one and that their
internuclear distance dependences are significantly different from each other.
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Crystal Structure and Physical Properties of [Ni(dmit);] Salt of
Hydrogen Bonded (H-DABCO)(DABCO) Trimer
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[Introduction]

Molecular electronic materials have (a) b—g%—_?—c ;}% . %0
attracted intensive attention due to their - - -
merits  of  finely-controlled  physical 4 r 4 F
properties, reduction in primary materials
and thus economic and friendly for the
environment. In recent decades, various
materials have been designed, synthesized
and characterized, which enrich the
electronics family and enable us to
investigate them deeply[1].

In the continuous effort to develop novel
electronic and magnetic materials in
molecular scale, here two novel compounds,
named (H'-DABCO)(DABCO)[Ni(dmit):]>
(1) and (H"-DABCO)s(DABCO)[Ni(dmit)2]s
(2) have been synthesized by mixin

[Ni(dmit)2] (dmity” = . i
1,3-dithiole-2-thione-4,5-dithiolate) and & Py £ 7
protonated cation of DABCO (DABCO = P Ve J":; & rd Vs %"H &
1,4-diazabicyclo[2.2.2]octane). Detailed - i i 3

study on their crystal structure, magnetic and Figure 1. Crystal structure of 1. (a) Packing
dielectric properties are reported. structure viewed along the b axis. (b) DABCO

trimer with the intermolecular N*®*N distances.
[ Results and Discussion] (c) [Ni(dmit)s] arrangement.



The synthesis of 1 involves mixing of
(H-DABCO)(BF4) and
(tetra-n-butylammonium)[Ni(dmit),]" in
acetonitrile, while the compound 2 in
acetone. Black crystals were obtained
after natural evaporation of the solutions.
X-ray single crystal analyses reveal that
both crystals 1 and 2 belonged to space
group P-1. As shown in Fig.1b and
Fig.2b, the distances between
intermolecular nitrogen (N) atoms were
2.710, 2.721, and 3.267 A for the crystal
1 and 2.802, 2.759, 2.712, 2.759, 2.802
and 3.232 A for the crystal 2. Since the
bonds with length less than 3.2 A can be
assigned as moderate hydrogen bonds,
formation of trimer of (DABCO)3; with
two protons, [H(DABCO);], and
hexamer with five protons,
[Hs(DABCO)¢], was suggested for 1 and
2, respectively.  Crystallographically
independent [Ni(dmit).]" anions in the
crystal 1 were dimerized with the nearest
carbon (C) * * * C distance of 3.637 A.
Each dimer unit was interacted through
sulfur (S)***S contacts with the distance
of 3.528 A along the +a—b direction in 1
(Figure 1c). In the crystal 2, five
[Ni(dmit),] anions
crystallographically independent, and
they aligned two-dimensionally. Four of
five were parallel to each other, while

were

< & {"(‘

rs r s
(c) T T
v {f*‘ﬁf £y
p lﬁ*{k’ *;i‘}f“ ’_};
.i'\b 3-'9{:!/'- “)gf:f 2
,/’/, ;t"f }g;";w.
: Afﬂ ; _ﬁ*”;f i _{f;‘f
i~ 20V 20l g
o S W
o A
A

Figure 2. Crystal structure of 2. (a) Packing
structure viewed along the ¢ axis. (b)
DABCO hexamer with the intermolecular
NeeeN [Ni(dmit)]

arrangement.

distances. (©)

one of them was aligned with the angle about 60° to the assembly (Figure 2c¢).

Dielectric measurement of 1 exhibited temperature- and frequency-dependent peaks
in imaginary part of dielectric constant (&), suggesting molecular motions. On the
other hand, crystal 2 showed a rapid increase in & with increasing temperature above
200 K, indicating semiconducting nature of the crystal. The crystal 1 showed a
singlet-triplet-type temperature dependence of spin susceptibility. On the other hand,
increase of ym7 value with decreasing temperature was observed for crystal 2,

suggesting ferromagnetic interaction.

[ Referencel

[1] T. Akutagawa et al., J. Am. Chem. Soc. 2004, 126, 291.
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Synthesis of stable porous molecular conductor consisting of
naphthalenediimide ligand and chelate complex
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[Abstract] Molecular conductors tend to make one—dimensional electron system, which has
very attractive physical properties derived from their high sensitivity to external fields (e.g.
pressure, temperature). However, chemical stimuli such as molecular adsorption have rarely
been applied to molecular conductor. In our group, we have headed for development of
molecular conductors responsive to chemical stimuli. Specifically, we have applied the
methods in Metal-Organic Frameworks (MOFs) to those in molecular conductors.
Redox-active molecules are used as both linker of MOFs and one-dimensional column in the
MOFs. In this Porous Molecular Conductors (PMCs), the environment around molecular
conductor column can be tuned by using the pore, and it is expected to realize the switching
of properties and bulk-scale arbitrary doping. In this work, N,N’-bis(4-pyridyl) -naphthalene
diimide (Figure.1) and bis(acetylacetonato)cobalt were used as linker and central metal node,
respectively (Figure 2). This PMC has higher stability to atmosphere compared with previous
PMCs.
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Figure 1 . The structure of porous molecular conductor obtained from this research
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Angular dependence of the electronic heat capacity against magnetic field
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[Abstract] The organic superconductors classified as «-type and B-type have effective half-
filled band structure owing to their dimerized structure. Superconductivity is realized by
forming electron pairs with some attractive forces which also form energy gaps around the
Fermi surface. The anisotropy of gap function has already been reported for x and p-type
materials. In this work, we detect the anisotropy of the superconducting gap function in details
with angle resolved heat capacity measurements. By this method, we can observe the Doppler
sift anisotropy of quasi particles excitations detectable by the electronic heat capacity under
magnetic fields. We detected the four-fold oscillations of CpT induced by in-plane magnetic
field rotation in x-(BEDT-TTF)2Ag(CN)2H20. That result indicates the gap structure of this
compound has dxo.y2 symmetry. We will show the results of heat capacity measurement about
B-type salts.
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[Abstract]
Basket type polyoxometalate [Na@(n-BuPO3)a(SO3)2M0VsM0v'14049]>~ shows phase
transition behavior by order/disorder of Na* ion that is encapsulated in the cluster cage. In this
study, we investigated the effect of counter cation of the cluster anion on the structural transition
behavior.
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[Abstract] Ionic conductors generally based on polymers draw widespread academic
attentions to figure out energy exchange issues such as solid state lithium batteries and thin
film of diaphragm materials. However, the instinct boundedness of polymer materials
enormously limited the ion-transitive spots. To break through the chain-dependence
migration, a series of fast-ionic conductive anionic silicate organic frameworks (SiCOFs)
depended on regularly crystalline porosity had been discussed. The synergistic effect which
marks as a symbol of lowing the conductive activation energy (E.) happens when the multi-
ion migration between the high energy sites close to the anionic hexacoordinate Si-O and the
low energy sites around the centre of the pores.! The stubborn covalent organic bonds and the
pathway size of the frameworks supplied the ions immigration smoothly.2 As a result of super
high surface area at 1,634 m2g-!, undoubtedly increased the ion transportation space among
the one-dimensional nanochannel networks of the SiICOFs.

[Introduction] Plenty of researches have been focused on looking for a suitable solid
electrolyte interface (SEI) of Li-ion batteries (LIB). One of those acceptable facts among
global researchers is producing solid state LIB. The ability of ion conductivity is a paramount
generic of the solid state LIB. Compared with other ion conductive materials, poly (ethylene
oxide) (PEO)-based electrolytes become the most famous one as a result of its flexible
practical applications. However, solely depend on the chain direction of ion transportation
could not follow the quick ion diffusion demands. Thus, a functional material with multi-ion
concerted migration is a trend of future solid-state electrolytes. 2

Covalent organic frameworks (COFs) are well-known of strong covalent bonds and
manipulated topological structure. For the terms of minuting the energy barrier among the
lattices to obtain much poor activity energy (E.), creating higher and lower energy sites seems
to be significant. In the case of Lithium ion migration, an anionic COF would provide a
platform for the generation of synergistic effect. An up-to-date report of anionic silicate
organic frameworks (SiCOFs) completely fulfilled with the potential barrier conditions and
could serve as the infinite network for ion diffusion.34 Herein, it is essential to discuss the
relationship between the anionic SiCOFs and the ionic conductivity.

[Methods] 9,10-dimethyl-2,3,6,7-tetramethoxyanthrance. A cooled mixture of veratrole
(12.8 ml, 0.1 mol), propanaldehyde (7.4ml, 0.1 mol) and CH3CN (5.3 ml, 0.1 mol) was added
dropwise to stirred H2SO4 (50 ml) maintained at 0-5 °C over 0.5h. The reaction mixture was
then stirred at this temperature for 2 h and then poured onto ice. The resultant precipitate was
filtered and washed with water and recrystallized from acetone to give yellow crystals.>
9,10-Dimethyl-2,3,6,7-tetrahydroxyanthracene. Under Nitrogen a Schlenk flask was sealed
with 9,10-dimethyl-2,3,6,7-tetramethoxyanthrance (800 mg, 2.45 mmol). Anhydrous
dichloromethane (20 ml) was added and 10.8 ml of 1.0 M boron tribromide solution in
anhydrous dichloromethane (2.7 g, 10.8 mmol) was injected quickly to the suspension which
immediately turned pink. After 4 h of stirring at room temperature the reaction mixture turned
to brown. The solution was filtered and washed with water to give a yellow powder.6
Na-SiO2-DMAn-COF. Add 9,10-dimethyl-2,3,6,7-tetrahydroxyanthrance (DMAn) (100 mg,
0.37 mmol), sodium methoxide (40 mg, 0.55 mmol), silica gel (SiO2) (15 mg, 0.25 mmol) and
anhydrous methanol (8.8 ml) sequencely to a 20 ml Teflon-lined steel autoclave. Sealed and



placed the autoclave in a 180 °C oven heating for five days. Filtration under inert atmosphere
and collected the brown-yellow powder, washed with anhydrous acetone and evacuated at
room temperature for 12 h (106 mg, 91%) (Naz[Si(Ci6H1004)1.5]).3

[Results and Discussion] Chart 1 and chart 2 showed the synthetic procedures of Na-SiO»-
DMAn-COF. Figure 1 give the information of extending the reaction to DMAn and the
crystallographic unit cell of the fully eclipsed framework. Powder X-ray diffraction (PXRD)
displayed in figure 2. Sharp reflections could not be denoted when starting monomer
indicated the formation of a framework with a high level of crystallinity.
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Chart 1. Synthesis route for 9,10-Dimethyl-2,3,6,7-tetrahydroxyanthracene. J'\\_

e

Figure 1. J. Crystallographic unit cell of the
o9 fully eclipsed framework (a =21.25(2) A, c =
#3e °} 4.620(10) A, space group P31m).
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Chart 2. Synthesis route for Na-SiO2-DMAn-COF.
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