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Selective lonic Conductivity of Triiodide in Choline lodide by Doping and
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[Abstract] Thermoelectrochemical cell or thermocell is a class of thermoelectric generator
that have relatively high Seebeck coefficient. We used solid salt of choline iodide doped with
triiodide as an electrolyte of solid-state thermocell. It emerges thermoelectric voltage up to
—0.87 mV/K. The sign of the Seebeck coefficient is opposite to that consists of an aqueous
solution of iodide/triiodide. lonic conductivity of Chlo.ge(l3)o.01 is two to three orders of
magnitude higher than that without doping, indicating that ionic conductivity of I3™ is high
than that of I". This difference on the ionic conductivity could be a key for the thermoelectric
conversion in the thermocell.
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Figure 1. Thermoelectric voltage with applied temperature gradient. (a) Electrolyte: solid
Chlo.ga(I3)0.01. (b) Electrolyte: aqueous solution of Chl (80 mM) and I2 (2 mM).
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Figure 2. (Left) lonic conductivity of Chlo.gs(l3)o.01 and Chl. (Right) Schematic illustration.
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[Abstract] This work examined the local structures and hydrogen bond energies involving
imidazole molecules in poly(vinylphosphonic acid) (PVPA)—imidazole (Im) (PVPA/Im) and
alginic acid (AA)—Im (AA/Im) composite materials using theoretical calculations. The results
show that Im molecule strongly interact with acidic groups for these composite materials and
the values of interaction energies increase as the number of Im molecules increases. The
rotational motion of Im undergoes in the segment where only Im are hydrogen bond with each
other. The calculation results in the segments depending on the environment of hydrogen
bonding show that the events involved in the proton conductive process is the proton transfer
process in (1) segment where Im are affected by polymeric acids and (2) segment where Im
are affected by an excess proton and the Grotthuss diffusion process with reorientation of Im
in (3) segment where only Im are bonded to each other.

[FF] BrEED T4 I — L (ImOBEEKRIT, K7 a b AfzEWE L LR
SNTEY, TNETICHEL 2EAGERPIERIN TS, 20—l LTHY B=1
RARCEE(PVPA) L Im DBESIKREPVPA-IM)B LT VX UER(AA) L Im DK
(AA-IM)723 5. PVPA-Im & AA-Im T TIE, ImIZESFICBYIAEhATEBY, =0
7'a b ARELE T 150°C T 7x10° Scem1 M 130°C T 2x10° S emt A & H ViE A R

R e N AREYEORRBIZAIT T, ZNOHEAERTFOT e N AR
FHZELITEBETHS. u NAREENE L L TE, KFEHERY NTI—2 &2 LT

(7o b B & DKEREAEXY FU—7 OFRN ] OBE%2&Te Grotthuss HAE
DRI NTEY, BFRABEEN T2 N AfEBOFETE B2 5 TWD. ZhET
IZ PVPA-IM F D ER NMR HIETHONTEY, Im O SN 7 v b AREIZ
3252 R3bmnoTnaEL L, Rpm&&EIcBET s mAixR<, 7 b5
%%@%%%%%b’ﬁah@mwmﬁﬁéﬁﬁ%%&é:&miﬁﬁ%a

Z ZTCAIITE T, BEHEEHEIC XL D PVPA-IM & AA-Im EEKT O Im DKkE
fE oG R L UOUKEM G RV — %pﬂf\é L2k, PVPA-Im & AA-Im 1 TilZ
2578 FAREERBICONWTEET S,



(Bt 7ik]

PVPA & AA ODFHN 2=y FZEV L, $Ex KB/ ETT VEIERL, i

ik, 2T/ ¥—, BT R LX—DBEHE{T-7-.

- TATVY, Gaussian09 /X 7 — & Hu Tz,
aug-cc-pVD(T)Z = v 7=. NMR1{LZFT 7 hithi
[#EF - B£]

fli 2 DET MTxE LTS (b &
1TV, BC L BIPNMR 227 kLoD EBR
BE DO EIToT2E Z AN —
AL, Im OKFREGHEE T
5HZLNTER. Figl iGN HErE
D—H %9, PVPA/2Im & AA/2Im T
X E BT, BOFICFEETDH T b
D IMIZRE - TSN L EME & LTS
S, HEEKRD TITERIEE L 72K EE
INZZEBNIAFEL TND Z ERNRIR &
5. £z, @FE7 o b AFE T T
Im I OKFERESBEHEMEE D, Im RO
7a FUBEOZ R LX— N T AN4T
kiimol TH2DZ Enb, 7o b BHE
DRI D Z ERbhoTz.

A TOEIX DFT Ik
m%ﬁkbfcmwwwgﬁﬁﬁﬁﬁ
ZIX GIAO {E& Wz,

(a) PVPA/2Im (b) AA/2Im

e 22

104 X 10

(A)

515.1 (198.0) kJ/mol

#P (A)<

i{, .......... I}j

85.3 (79.5) kd/mol

527.1 (132 3) kd/mol

(c) 3Im (d) 4im(H" )

(A) )
A\
X 7. Tk
mf«‘
263.6 (159.9) kd/mol

Fig. 1. Optimized geometries of (a) PVPA/2Im,
(b) AA/2Im, (c) 3Im, and (d) 4Im(H*) models.
Association energies and (rotational energy)
with respect to pseudo five-rotation axis of Im
are also listed. Calculated energy sites are
depicted the blue dashed lines.
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[Abstract] We have attempted realizing an active proton transport with a single crystal of a
coordination polymer. According to “Rocking Ratchet”, ions which diffuse thermally in an
anisotropic media can be biased into an unidirection with an external periodic force, without
an unidirectional external force. We applied AC field to a single crystal of the
proton-conductive coordination polymer which has no centrosymmetry, and measured the
indcued electromotive force between the two ends of a single crystal and its relaxation after
stopping AC field. The relaxation seems to appear due to proton diffusion for removing the
concentration gradient of proton. To clarify the relaxation behavior, measurements were
conducted in various conditions, and results were compared with a diffusion equation.
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Fig. 1. Crystal structure of 1 (arrows indicate directions of proton channels)
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The state of hydrogen in a-phase PdHx

oShun Dekural, Hirokazu Kobayashi2, Ryuichi Ikeda!, Mitsuhiko Maesato?,
Loku Singgappulige Rosantha Kumara®, Osami Sakata®, Hiroshi Kitagawa®
! Division of Chemistry, Graduate School of Science, Kyoto University, Japan
2 JST-PRESTO, Japan
3 National Institute for Materials Science, Japan

[Abstract] Palladium (Pd) is well known to exhibit a first-order phase transition from
solid-solution (Pd + H; a) to hydride (Pd-H; B) phases with increasing hydrogen gas pressure.*
However, there had not been any report about the state of the a-phase hydrogen before our
study. On the other hand, the phase transition behavior becomes ambiguous and hydrogen
solubility in a phase increases with decreasing the size of Pd down to nanoscale.? The
mechanism of this unique hydrogen storage property is still unclear. In this study, we have
investigated the state of hydrogen inside bulk and nanosized Pd samples in detail by
pressure-adjustable in situ solid-state NMR measurements. In addition, we investigated
nano-size effect on the electronic states near Fermi level directly by hard X-ray photo-electron
spectroscopy (HAXPES).
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Fig.1 (Left) Deuterium pressure adjustable in situ solid-state 2H NMR spectra on absorption process of
bulk Pd. (Center) Deuterium concentration dependence of 2H NMR shift. (Right) Density of states
of o and B phases.
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Fig.2 (Left) Deuterium gas pressure dependence of 2H NMR shift of deuterium inside different size of

Pd. (Center) Hard X-ray photo-electron spectra at valence band region. (Right) Schematic

picture of the nano-size effect on electronic state of Pd.
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Development of Spin Crossover Iron(l11) Complexes Exhibiting Proton
Transfer
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[Abstract]

The synergetic effect between proton dynamics and variable phenomena such as charge
transfer and change of electron distribution in solid state has been utilized to develop
functional materials based on photochromism, electronic conductivity, and ferroelectricity.
This study aims to design new metal complexes exhibiting the synergetic effect between
proton transfer and spin transition for developing new functions such as spin state control
through the proton transfer induced by an electric field.

New iron(Il) spin crossover (SCO) complexes forming intramolecular hydrogen bonds were
synthesized, and their crystal structure, magnetic property, and light responsiveness were
investigated. Magnetic property and Mossbauer spectroscopy measurements showed that the
iron(I11) complexes exhibit thermal- and light-induced SCO. Moreover, the dependence of the
crystal structure and IR spectrum of the complexes on temperature and irradiation of light
revealed that these complexes show proton transfer coupled with thermal- and light-induced
SCO.
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Table 1. The CNC angle in the pyridine ring and NNC angle in the amide moiety of complex-1 at each
temperature.

Temperature 125K 165 K 220K
Spin State LS LS LS HS HS HS
CNE:P;;g'e 1243(4)° | 124.1(5)° | 125.06)° | 117.9(5)° | 118.5(6)° | 117.6(6)°
NNC angle

Amide) | 1090Q) | 1080(4) | 1095(5) | 1136(5) | 1139(5) | 1145(5)
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Table 2. The CNC angle in the pyridine ring and NNC angle in the amide moiety before and after
irradiation.
Temperature 25K 25 K after irradiation

Spin State LS HS HS HS HS HS
CNE:PS;‘Q'e 124.4304) | 118309)° | 117.8(7)° | 1183(8)° | 1183(7)° | 118.3(7)°
NNC angle | 1089.60(43

(Amide) )

0 (eA?)

113.7(8) 114.06) | 1143(7) | 1135(6) | 114.3(6)
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[Abstract]

An even-leg spin ladder shows similar physical properties with that of a mother material of
high-Tc superconductor, and it is theoretically predicted to exist superconducting transition
with doping carrier. In fact, superconducting phase transitions were reported in carrier-doped
inorganic even-leg spin ladders [ [2, Therefore, investigation of the even-leg spin ladder is
effective way to reveal the superconducting mechanism, where magnetic dilution is useful to
experimentally study on the ground state of the spin ladder. For example, magnetically diluted
even-leg spin ladder SrCuz1-xZn2xOs showed antiferromagnetic long-range order when molar
ratio of Zn** becomes more than 1%, We have recently succeeded in the synthesis of
magnetically isolated molecular spin ladder, Cu2(CO3)(ClOs)2(NH3)s™. In this study, we
carried out magnetic dilution on Cuz(CO3)(CIO4)2(NHs)s with non-magnetic ion Zn?* and
evaluated the impurity effect on the magnetic properties.
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Fig. 1. The crystal structures of
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[Abstract] Studies on molecular porous materials, so-called porous coordination polymers
(PCPs) or metal-organic frameworks (MOFs), have been attracted much attention, in which
the design of gas-responsive materials was a critical issue. Here we report a porous layered
magnet whose magnetic behavior is variable dependent on adsorbed gas molecules. The
porous ferrimagnet, which is composed of a 2:1 assembly of a paddlewheel-type
diruthenium(ll, 1) complex and a derivative of 7,7,8,8-tetracyano-p-quinodimethane (TCNQ),
exhibits reversible gas sorption properties for N2, CO2, and O2. While the uptake of N> and
CO., despite their diamagnetic characteristics, leads to the increase of Tc, the uptake of O>
reveals a continuous phase change from a ferrimagnet involving the increase of Tc at low gas
pressures to an antiferromagnet at high gas pressures.
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Fig. 4. (a) FCM curves at a 100 Oe under vacuum and 100 kPa of N2 and CO;. (b) The O,-pressure
dependence of FCM curves at 100 Oe. (c) The variation in Tc or Tn as a function of O pressure.
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[ Abstract] Pours materials attract much attention because of their functionalities. COF
(Covalent-Organic-Framework) materials are pours crystalline materials, in which molecules
connected by tight covalent bonds. Recently, it was found that several chemically modified
COF systems show thermally equivalent paramagnetic state. Theses molecules form
two-dimensional porous network with covalent bond. Aromatic carbon molecules are stacking
along perpendicular to the slide. The frontier orbitals are elongated along this direction. The
pristine COF system is closed shell. However, applying iodine doping for this system, the
color of the sample drastically changes. On the same time, ESR signals suddenly appeared
and became larger as the doping time increases. The electronic state of the Py-sp2c may
changes with iodine doping. To understand the low-temperature electronic state, the detailed
magnetic investigation was carried out. We discuss the magnetic properties of a series of COF
materials.
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[Abstract]
Generally, ferromagnetic or ferroelectric behavior appears with long-range order of spins or

dipole moments based on the interactions between the atoms/molecules. Therefore, it had
been assumed that such ferroic properties never exhibit on a single atom/molecule. However,
Mn12 complex which shows a magnetic hysteresis without ferromagnetic order is reported by
D. Gatteschi, et. al. in 1993[1]. Its behavior exhibits by the slow magnetic relaxation on a
magnetic double minimum potential structure constructed from the energy barrier for
magnetic moment reversal in the molecule. In this study, we focused on Preyssler-type
polyoxometalate (POM) to obtain a material showing electric hysteresis on a single molecule.
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Figure 2. (a) Temperature dependence of the
pyroelectric current in the POM at heating rates of 0.5
and 2 K:min?. (b) Temperature dependence of the
spontaneous polarisation P/Pigok of [Th**cPsWag] for

heating rates of 0.5 and 2.0 K-min,
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[Abstract]
The investigation of multiferroic materials, which combine the ferromagnetism with

ferroelelctricity and/or ferroelasticity, have attracted much interest due to their potential in the
design of novel magnetoelectric devices. On the other hand, the great attention has been
devoted to introducing additional functionality in single molecule magnets (SMM) which
show the magnetic hysteresis with slow magnetic relaxation on the single molecular or ion
unit [1]. Recently we succeeded in the study on principally new type of material based on
Preyssler-type polyoxometalates (POMs) that exhibit single molecular ferroelectic-like
behavior induced by motion of Tb3* ion in the polyoxometalate cage.

The aim in this study is development of POMs that show both electric and magnetic
hysteresis on the single molecule. Herein we report the results of the electric and magnetic
properties of POM encapsulating Dy** ion where the SMM nature was reported previously by
Coronado et al [3].
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Fig 2 Dielectric measurements of [Dy3*cPsW300110]  Fig 3 Dielectric measurements of [Yb3*<PsWs300110]
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