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Application of the dispersion energy correction to the third order single excitation perturbation theory based on the locally projected molecular orbitals 1

Application of the dispersion energy correction to the third order
single excitation perturbation theory based on the locally projected
molecular orbitals: weak electron-donor-acceptor complexes and wa-

ter clusters

Suehiro Iwata*¢

The third order single excitation perturbation theory corrected with the dispersion energy based on the locally projected molecular
orbital was applied to study the weak electron-donor-acceptor (charge-transfer) complexes and the hydrogen bonds in the water
clusters. In the weak electron-donor-acceptor complexes, the dispersion energy is larger than the charge-transfer energy in
absolute value. The dispersion energy is as large as the charge-transfer energy in the hydrogen bond. The cage form of (H,0)g
is the most stable among eight isomers examined, because the dispersion energy is the largest among them.

Introduction

The molecular orbitals (MO) in quantum chemistry are ex-
panded in terms of the one-electron basis functions centered
on each nucleus in a molecule. Historically the basis functions
are the atomic orbitals, so that a linear combination of atomic
orbital (LCAO) has been a synonym of MO. The Hartree-
Fock-Roothaan (HFR) equation is the equation to variationally
determine the MO coefficients of the basis functions which are
placed at least on every atom. The solution is the canonical
MOs, and they are delocalized all over the molecule. The cor-
rect form of the HFR equation under the strict local condition
on the basis functions was first derived by Stoll et al.! The
occupied MOs are expanded within a set of restricted basis
sets, not using all of the basis sets in the molecules; the local
condition is imposed, dependent on the nature of the MO to
be determined. The equation does not require the orthogonal
condition of the MOs. Later, Italian quantum chemists devel-
oped two sets of local MOs, by utilizing the local expansion
of the molecular orbitals. One is the SCE-MI (self-consistent
field method for molecular interaction) by Gianinetti et al>*
and the other is ELMO (Extremely Localized MO) by Sironi
et al.>”7 The SCF-MI, as the name implies, is the method de-
veloped for studying the molecular interaction. The basis sets
used are constrained to those on each molecule. Because of
this constraint, the SCF energy is free of basis set superpo-
sition error (BSSE). The ELMO is more general, and can be
applied to the covalent bonded system, allowing the overlap
of the basis sets.

We were stimulated by SCF-MI, and re-formulated the
equations using the projection operator. Because SCF-MI is
a too general name, we started to call it locally projected (LP)

¢ Address, Toyota Physical and Chemical Research Institute, Nagakute, Aichi
480-1192 Japan. Fax: 81-561-63-6302; Tel: 81-561-57-9517;
E-mail: iwatasue @toyotariken.jp
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MO.® We proved the inherent deficiency in the method that
no charge-transfer is allowed between the molecules in the
LP MO wave function and that the binding energy is always
underestimated. Khaliullin et al also used the same equation
to obtain the absolutely local molecular orbital (ALMO), first
to evaluate the efficient procedure to reach the SCF conver-
gence, and then applied it to analyze the molecular interac-
tion. 1

The other related works are by Surjan'!, and the embedded
molecular cluster by Shidlovskaya, 12

The fragment molecular orbital (FMO), proposed by Ki-
taura and later extended by several groups in Japan, also uses
the local basis sets. '3 The molecule (or molecular assemble)
is fragmented, and the quantum chemical calculations are per-
formed for the dimer of the fragments. Thus, the MOs are
confined at most in the dimer.

The divide-and-conquer (DC) approaches, proposed by
Yang and Lee ' and extensively implemented by Kobayashi,
Nakai and their collaborators 1°, can be regarded as a gener-
alized form of the local basis sets. By introducing the buffer
atoms, or the common basis sets, connecting the fragments
and the partition matrix to define the density matrix, they
can determine the electron density of the full system, by only
solving the HF (or Kohn-Sham ) equation for each fragment.
Fermi function which defines the partial occupation numbers
of the orbitals plays a crucial role in evaluating the density
matrix.

Realizing the serious deficiency of LP MO (SCF-MI), we
developed the perturbation theory based on LP MO. 617 The
target of the project is to find a practical and reliable way
to study the molecular clusters, consisting of many molecu-
lar units with the effects of BSSE as small as possible. As
was emphasized by Liu and McLean, '8 there are two kinds of
inconsistency between the monomer and the complex, which
cause the BSSE; one results from the orbital basis inconsis-
tency (OBI), and the other is the configuration basis inconsis-
tency (CBI). Knowing two distinct causes of the BSSE, we
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cultivated the LP MO with the perturbation theory to achieve
the above target. For the closed shell Hartree-Fock (HF)
level of calculations, this purpose was almost accomplished
by the third order single excitation perturbation theory (LP
MO 3SPT). ! For several isomers of water clusters (H,0),,,
n =2 to 8, the averaged error of the binding energy per water
from the counterpoise corrected HF binding energy is 0.31 kJ
mol~! and the standard deviation is 0.14 kJ mol~! with the
aug-cc-pVDZ basis set. The similar accuracy is obtained for
stronger hydrogen bonded clusters, linear and cyclic (HF),,
n =2 to 8; the averaged error of binding energy per hydrogen
bond is 0.40 kJ mol~! and the standard deviation is 0.19 kJ
mol~!. Because the third order correction does not require the
two-electron MO integral transformation, the CPU for LP MO
3SPT is nearly equal to or less than that for the single super-
molecule HF calculation. Thus, the orbital basis inconsistency
(OBI) can be avoided in the LP MO 3SPT calculations without
performing the time-consuming counterpoise (CP) procedure.

The perturbation theory requires the excited MOs, which
should also be defined locally. Using the projection operator
for the occupied MOs of all of component molecules, the lo-
cal excited MOs, which are orthogonal to all of the occupied
MOs, can be determined, although some of the excited MOs
have to be partially delocalized to keep them orthogonal to
all of the occupied MOs. The local excited MOs thus deter-
mined are different from those of Pulay’s’, which are local
on each atom. Our excited MOs are local on each molecule.
By using the local nature both of occupied and excited MOs,
the dispersion type double excitations are distinguished from
the other types of double excitations. If only the dispersion
type excitations are taken into account for the correlated wave
function, the configuration basis inconsistency (CBI) in eval-
uating the intermolecular interaction energy can be avoided.
Adding the dispersion energy term to the LP MO 3SPT en-
ergy is based on the similar idea to various versions of DFT
+ D methods.?! Because the LP MO 3SPT is the HF level
of theory, the 3SPT + Dispersion approximation neglects the
influence of intramolecular electron correlation on the molec-
ular interaction. This limitation has to be in mind, when the
method is applied.

The purpose of this paper is to demonstrate that the LP MO
3SPT method with the dispersion correction reaches at the
stage of studying the chemistry of molecular clusters. Two
subjects are selected for the study; one is the weak electron-
donor-acceptor (charge-transfer) complexes, and the other is
the medium sizes of water clusters.

Theoretical

The approximate equations to be solved

The working equations for the perturbation expansions based
on the locally projected molecular orbitals (LP MO) are al-
ready described in the previous papers.'*?? Therefore, only
the new implementation is described here. Because the LP
MOs are not orthogonal among the occupied MO and among

the excited MO, the first order wave function requires the so-
lution of large linear equations. In the previous code, the full
homogenous matrix was evaluated, and the matrix elements
are stored if they are larger than a threshold value. This step
becomes prohibitive for clusters containing a large number of
molecules. Therefore, an approximation is used in the new
version.

The correlated part of the wave function for the dispersion
and pair excitations using LP MOs is expanded as

\P(I)DPT(D+P) _ (1)

)+ | (ko) () )} 72
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where the amplitudes Tr"sb are for the opposite-spin excitations
and the amplitudes r%” are for the same-spin excitations. The
subscript, X and Y, of the creation and annihilation operators
imply that the corresponding orbitals are the LP MO of X and
Y molecules. The matrix to be solved is

E+Ww=—v (2)

where = and W are the diagonal and off-diagonal part of
the zero order Hamiltonian matrix, respectively; for instance,
<q30 (t;Cz) (”\%)de> ‘ﬁo — Eg ’ <S;bx) (l‘;ay) ¢0> for the
same-spin dispersion type. Because the orbitals are not canon-
ical for the full Fock operator and not orthogonal among the
occupied orbitals and among the excited orbitals, the off-
diagonal elements are not zero, though they might be small.
The matrix W is blocked as

W(3.3),3.3)
3)
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where W zw),x.y) is the matrix of

<q>0 (zz*cz) (ui,,dw)‘ﬁo ~ K (s;bx) (r;f(ay) <1>0> The
matrix elements can be expanded in terms of the intermolec-
ular MO overlap integrals. It can be proved that the matrix
elements W x y) (xy) is the zero order of the intermolecular
MO overlap integrals; the leading terms result from the
non-canonical nature of LP MO. Symbolically it can be
expressed as S?mer v Similarly Wix 7y xy) with (Z#Y)
is the order of S} . . and Wzw)xy) With (Z#X)Y and
W#X,Y) is the order of S2,,, -

The linear equation (2) is pre-conditioned using the diago-
nal matrix Z as

1+ 12w 12 g2y = —57 12y )

[1+W]w=-v 5)

The matrix W and the solution w are expanded in terms of
S';itlerM as

W=p'WO - uw® 4w (©)

w=pow® + w4 P P (@)

and the eqution becomes
[14+ 1w O w4 2w )]
(uow@ D 2@ 4 dw® 4 ) ——v ®

and is solved pertubatively as

(14 W) = ©)

(14w ) wV = —w,w© (10)

(1 +w«))) W) = _ W @)(k=2) _ gy (1), (k1)
= forks2 (11)

Because W is block-diagonal, the linear equations to be
solved is
(0) () _ _(x)

(14 W) xon ) Wi = iy, (12)
Thus, the dimension of the linear equations is shrinked to
MEEMEMGEMS from Yy y (MM MGMS) when only
the dispersion type excitations are taken into account.

The correction energy AE 2 s

AER = 5y = 55" 1251/2,
= —we —wl® — 3w —5@ ... (13)

A new code was developed, based on equation (12), and
several test calculations were carried out to compare them with
those calculated with the previous version which uses equation
(2). They demonstrated that the dispersion energy evaluated
by taking into account only Sgﬁ oy terms agrees with that of
the previous version within 1kJmol~" for a pair of molecules
in the cluster.

Analysis of the interaction energy

In the empirical model theory such as Mulliken originally de-
veloped for the charge-transfer complexes, the molecular in-
teraction energy could be expressed by a sum of various terms.
But with the ab initio calculations, the analysis is not unique.
From the pioneer work by Morokuma?}, numerous proce-
dures and definitions are proposed. With the supermolecule
approach for the molecular interaction, the decomposition of
the interaction energy is not unique. Even when the molecular
orbitals are localized in each component molecule, the def-
inition of the energy components is not straightforward. The
energy evaluated with the SAPT calculations is given as a sum
of the components, but the charge-transfer (electron delocal-
ization) component cannot be easily extracted from the polar-
ization terms. Khaliullin et al used the absolutely local molec-
ular orbital (ALMO), whose occupied MOs are equivalent to
LP MO, for the energy decomposition analysis. !%>*. Their
definition for the charge-transfer energy

AE = EHF (lPsuperm()l) + AEBSSE - EHF (lPLPMO) (14)

This definition is based on a theorem that the electron delocal-
ization between molecules is forbidden in LP MO, proved by
us.® This definition requires the full supermolecule calcula-
tion, and can be applied only for the dimer. Recently Stone
and Misquitta® defined the CT energy within symmetry-
adaptive perturbation theory (SAPT), in which the CT con-
tribution is a part of the induction energy. To evaluate it, they
have to perform the calculations with the monomer basis sets
and with the dimer basis sets. The evaluation is possible also
only for the dimer.

We proposed an alternative definition!® using the first
order wave function W()SPT of the single excitation per-
turbation theory. The second order correction E*FT =

(®|V "P(l)sp T> is a sum of the contributions from the local
excitations (LE) (®y| 1% ‘ (r;ax) CI>0> of molecule X and from

the charge-transfer (CT) excitations (| 1% ‘ (r;ay> <I>o> be-
tween molecules X and Y. The sums are quickly evaluated
once the first order wave function W}3h7) is solved. The

third order correction E3SFT = <‘P(')SP Ty |p()sP T>, which

is essential to obtain the approximately BSSE-free binding
energy, consists of the coupled terms of LE and CT excita-
tions, which can be grouped to the contributions from LE of
molecule X and CT between molecules X and Y (see eq.20
of reference'?). The advantage of this definition is that it can
be applied to any size of clusters and that the charge-transfer
contributions of X—Y and Y—X are separately calculated.
Besides, no extra calculations are required. Below, the analy-
sis is applied to isomers of (H,O)g and (H,0);¢.

The binding energy evaluated by the 3rd order SPT and the
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2nd order dispersion-type DPT can be written as

3SPT+di
Epinae " = (EHF (¥rrmo) _ZE;I(F> (15)
X
| (ESPT 4 E3SPTY 4 p2DPTdisp
= EJSPL | p2DPTdisp (16)

The first parenthesis of the first line contains the electrostatic,
exchange-repulsion and induction terms. It is because the LP
MO wave function is symmetry-adaptive and properly nor-
malized, and because the Fock matrix is that of the super-
molecule. The parenthesis of the second line is nearly equal to
the sum of the charger-transfer terms defined above, because
the contribution from the LE is very small. As the previous
papers shows, EgianTE is nearly equal to the counterpoise cor-
rected HF bind energy Egliarr, if the basis set used is as large
as aug-cc-pVTZ.

Results and Discussion

Weak Electron-Donor-Acceptor Complexes

1
o
o

10k
| ° 8

L ¢

Energy terms /kJ mol
Y
S
L)

: o CT [LP MO 3SPT/aug-cc-pVTZ]
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S} 3 Z = == 4 z

Fig. 1 Dispersion and charge-transfer energies in the weak
electron-donor-acceptor complexes

When Mulliken first presented the theory of interaction of
electron donors and acceptors, it is based on the valence bond
type wave functions of the empirical model hamiltonian. 26?7
The theory was successful in understanding the physical and
chemical properties of the electron-donor-acceptor (EDA), or
charge-transfer (CT), complexes. In particular, the appear-
ance of the new electronic transitions at the UV, visible and
near-infrared regions could be analyzed only in terms of the
charge-transfer theory of Mulliken. On the other hand, there
were some skeptics on the contribution of the charge-transfer
terms to the binding energy of the weak complexes. The im-
portance of the electrostatic interaction was often mentioned.

As early as in 196873, Hanna estimated the quadrupole - in-
duced dipole interaction energy between benzene and halogen
molecule, and concluded that it is more important in the com-
plex formation than the charge-transfer interaction. Recently
Karthikeyan, Sedlak and Hobza*" examined the nature of the
stability in charge-transfer complexes using CCSD(T)/CBS
and DFT-SAPT (with the PBEO functional). One of the im-
portant findings is the importance of the dispersion force in
forming the stable weak complexes. The dispersion energy
was evaluated by DFT-SAPT of Hesselmann and Jansen, ! al-
though it was not mentioned in their paper. There is another
version for DFT-SAPT by Misquitta et al>>. In both versions,
the dispersion energy is evaluated with the Casimir-Polder
form, which requires to solve the time-dependent coupled-
perturbed DFT (TDDFT) to obtain the frequency dependent
polarizability. The intermolecular Coulomb exchange is not
in their dispersion energies. This paper demonstrated that the
binding energies evaluated with SAPT-DFT/CBS are compa-
rable with those of CCSD(T)/CBS even for the strong EDA
complexes. It is claimed that the charge-transfer energy is
contained in their § (HF).

As described above, the present LP MO based perturba-
tion theory clearly defines the charge-transfer contribution to
the binding energy within the Hartree-Fock level of theory.
Table 1 compares the binding energies of the present calcu-
lations with those of Karthikeyan et al.3® Except for NH3-
SO,, ngnl;?rdm agrees with those of MP2/aug-cc-pVTZ and
CCSD(T)/CBS within 1kcal mol~!(=4.184kJ mol~!). The
sixth column is Egﬁfi@/aug—cc—pVTZ, which is nearly equal
to the BSSE-free HF binding energy, and contains the charge-
transfer (electron delocalization) term. It is clearly seen that
for weak complexes without the dispersion term the com-
plexes are not formed. Figure 1 shows the dispersion and
CT contributions of these complexes. The dispersion energies
evaluated by the present method are in good agreement with
those of DFT-SAPT. The absolute values are larger than the
CT terms except for the strongest complex examined (NH3-
CIF). The sixth column of Table 1 and Figure 1 indicate for
these weak halogen complexes that the dispersion term is
dominant and the CT term plays a secondary role in the bind-
ing energy, and that the classical electrostatic interaction and
static polarization (induction) do not contribute to the binding
energy. This is contrary to Hanna’s empirical estimation for
the benzene - halogen complex.

The last column of Table 1 is the energy destabilized by
the geometric changes resulting from the complex formation.
They are positive as they should be, except for (NH3 - SO»).
The molecule in the complex is deformed by accepting or do-
nating an electron; the complex is formed by sacrificing the
intramolecule bonds” in the wording of Mulliken. A negative
value for (NH;3 - SO,) implies that the input geometric param-
eters for the complex, which was kindly sent to the author by
Sedlak, 3" was not a correct one. For CIF as an electron accep-
tor, four electron donors are examined. The difference of the
geometric destabilazation energy is that of the electron donor.
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Table 1 Comparison of the binding energy for the electron - donor - acceptor complexes

Compl DFT-SAPT* CCSD(T)“ MP2¢ 3SPT+Disp 3SPT Geom. Destb?
CBS¢ CBS apVTZ 4 apVTZ apVTZ apVTZ
CoHs-Fy -4.35 -3.97 -5.19 -3.01 2.90 223
NH;3-F, -5.31 -6.57 -1.24 -5.09 0.68 3.57
CoH,-CIF -17.11 -15.98 -18.07 -17.08 -0.47 3.16
NH;3-Cl, -19.04 -18.74 -21.21 -19.09 -2.02 1.65
HCN-CIF -17.99 -19.16 -21.63 -23.54 -8.89 1.49
H,O-CIF -19.50 -20.33 -21.42 -24.52 -11.74 242
NH3-SO; -25.06 -23.10 -21.55 -33.21 -19.02 -0.23
NH;-CIF -42.47 -44.73 -48.58 -47.29 -17.24 11.78

a) Refer. [30] b) Destabilization energy by geometric change included. ¢) "Complete Basis Set Limit”. d) aug-cc-pVTZ

Table 1 and Figure 1 show that the geometric destablization
energies of these four complexes are correlated with the CT
and dispersion energies, but not with the total binding energy.

Table 2 The binding energy corrected with the geometric change,
and dispersion and CT contributions for weak EDA complexes

Complexes %) basis?)  3SPT+D  Disp CT
CoH,-CIF D 924 -16.770 -18.17
CoH,-CIF T -1045  -21.18 -18.50
HC,CH;3-CIF D -12.14  -2347 -28.21
HC,CH;3-CIF T -13.05  -29.70 -27.41
C,(CH3),-CIE D 1187 <3165 -42.24
C,H,-Cly D 707 -1214 111
CyHy-Cly T 731 -1470  -6.91
HC,CH;3-Cl, D -1042  -17.52  -10.77
HC,CH;3-Cl, T -1046 -21.13  -10.29
CoHy-Cl-CoHs, D 1192 2454 -13.41
Cl-CoHy-Clp D -1433 2436 -14.13

a) Optimized with MP2/aug-cc-pVTZ b) D: aug-cc-pVDZ, T:
aug-cc-pVTZ

Table 2 examines a series of complexes of CIF and Cl,
with acetylene and methyl substituted acetylenes. The ge-
ometry of the complexes and monomers are optimized with
MP2/aug-cc-pVTZ without the counterpoise correction. The
binding energies in Table 2 are relative to the energy of the op-
timized monomer. The dispersion and CT energies for CoH»,
HCC(CH3) and (CH3)CC(CHj3) complexes with CIF and ClI,
increase as the number of methyl groups increases; that is, the
ionization energy decreases. But the total binding energy of
HCC(CH3) - CIF is larger than that of (CH3)CC(CH3) - CIF
by 0.27 kJ mol~!, though the CT term of the latter (-42.24 kJ
mol 1) is larger than that of the former (-27.41 kJ mol~1); it
might be the repulsive part that changes the ordering of the
total binding energy.

To examine the additivity of the dispersion and CT ener-
gies, the binding energies for the D-A-D and A-D-A com-
plexes are compared with the D-A complexes for D=C,H; and
A=Cl,. The conformation is fixed to that of the D-A com-
plex. The dispersion term is nearly additive for both com-
plexes, but the non-additivity is found for the D-A-D complex
significantly in the total binding energy and slightly in the CT

term. Because CoH, has no bulky group, the cause of the
non-additivity of the total energy is of electronic nature. Inter-
estingly, the smaller binding energy for the D-A-D might be
consistent with the assumption by Hanna that the interaction
between the induced dipole moment of a halogen molecule
and the quadrupole moment of a conjugated hydrocarbon con-
tributes to the binding energy, because the induced dipole of
Clin D-A-D is smaller than that in D-A.

Another finding in Table 2 is that the CT energy is less
basis-set dependent than the dispersion energy.

Water Clusters

Recently Shanker and Bandyopadhyay found many isomers
of (H,0),, and (H,0),5 using their new efficient and fast
method, Monte Carlo Temperature Basin Paving method, find-
ing low energy structures. > They used the effective fragment
potential (EFP1)34 for evaluating the interaction energy. In
these isomers there are various types of pair of hydrogen
bonded water molecules and of hydrogen bonded networks.
The analysis will be separately published.’> The EFP1 pa-
rameters are determined to fitting the HF binding energy and
does not contain the dispersion term, while the new EFP2 in-
cludes the dispersion contribution to the hydrogen bond. The
LP MO 3SPT calculations can be used to confirm the rela-
tive binding energies for various isomers of (H,0),5 evalu-
ated with EFP1. The single point calculation for (H,0),5 with
LP MO 3SPT/aug-cc-pDVZ requires about 350min on Xenon
Core2 Duo Quad (2.93GHz). The number of basis sets is
1075. Figure 2 shows the comparison of the relative isomer
energies of LP MO 3SPT E ;;ZTE EFP1 and EFP2. The rela-
tive EFP1 energy agrees with Ej-7 faug-cc-pVDZ, which is
nearly equal to the counterpoise corrected HF binding energy,
as shown in the previous papers. ' The EFP1 mimics the rel-
ative HF binding energy quite well even for large water clus-
ters having various types of the conformation of the hydrogen
bonding. Figure 2 exhibits that the large difference between
the relative energies of EFP1 and EFP2 for less stable iso-
mers. It implies that the dispersion term is required to obtain
accurate relative energies among the water clusters.

The dispersion terms Egi{;gﬁwp for samller water clusters
are evaluated and analyzed, because with the present version
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of codes, the caluculations for (H,0),s are not feasible. Fig-
ure 3 compares the relative binding energies of (H,0)g4, the
geometries of which were determined by Ohno et al with
B3LYP/6-311+(d,p).3® The most stable isomer among eight
isomers is KO-1 of cage form, which is consistent with more
accurate coomputations by Xantheas et al.>” In their calcu-
lations, the cage and prism forms of the isomers are close
in the binding energy and the most stable. The plots of
Egﬁ;@mw /aug-cc-pVDZ and Eyror™P2/qug-cc-pVTZ, both
containing the dispersion terms, are in good agreement with
the relative EFP1 energies for these clusters, although EFP1
has no dispersion term. It seems that the parameters of EFP1
are well fitted to the correct binding energy of small water
clusters. On the other hand, the plots of Eggf;%/aug-cc-pVDZ
behave very differently; that is, the HF binding energy for
these isomers cannot predict the correct ordering of the isomer
stability. Without the dispersion term, isomer KO-4 of cyclic
chair form is the most stable among eight isomers. Isomer
KO-4 becomes more stable than KO-1, because of the larger
CT term; (E?SPT  E3SPT) of equation (15) is -63.4 (-57.9) kJ
mol~! for KO-4 and is -36.6 (-49.7) kJ mol~! for KO-1 with
aug-cc-pVDZ (aug-cc-pVTZ). The large CT term for KO-4 re-
sults from the linear conformation of the hydrogen bond. It is
the dispersion term that makes Isomer KO-1 the most stable.

Figure 4 plots the cumulative dispersion energies, where
the pairs of the hydrogen bonded waters are aligned in
the order of the hydrogen bond strength. In the cyclic
chair form (KO-4), all of the neighboring pair of water
molecules are nearly equivalent to each other, and the dis-
persion energy is -10.0 kJ mol~!, while the dispersion en-
ergy between the non-neighboring water molecules is very
small (-0.3kJ mol~! for the next neighboring pair). The
charge-transfer energies for these pair are -9.9kJ mol~!
for the hydrogen acceptor to hydrogen donor and -0.4kJ
mol~! for the hydrogen donor to the hydrogen accep-
tor. Below, for simplicity, the components of the inter-
action energy for a pair of hydrogen bond are written as
[E‘””’  ECT—AtoD pCT=DioAl, \ For example, the interaction
energy of the neighboring pair is [—10.0;—9.9, —0.4]w1.we-
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Fig. 3 Comparison of relative binding energy of water clusters
(H,0)¢

The interaction energy of the next neighboring waters in KO-
4 is [—0.3;—-0.2,—0.0]w.ws. In the cage form (KO-1) the
hydrogen bonds are not uniform. There are eight hydrogen
bonds. The strongest hydrogen bond is between W2 and W3;
the energy components are [—11.1;—12.7, —0.4]w3.w2. Wa-
ter W2 has two hydrogen-donor bonds and one hydrogen-
acceptor bond (denoted as 2D1A) and water W3 is 1D2A. The
next and third strongest bonds are between W1[1D2A] and
W5[1D1A] [-9.5;—8.7,—0.4]y w5 and between W4[2D1A]
and WO6[IDIA] [—9.0;—8.0,—0.3]e w4  The weakest
hydrogen bond is between W3[ID2A] and W4[2D1A]
[—5.4;—2.7,—0.3]\4.w3 - Besides, the substantial dispersion
energies are noted between the non-hydorgen bonded pairs,
such as between W2 and W4 [—1.8;—0.2,—0.2]y4 w, and
between W1 and W3 [—1.1;—0.1,—0.1]y3.y;. Note that be-
cause both W2 and W4 are 2D1A type, no more hydrogen
bonds can not be formed between W2 and W4. So the reason
why cage isomer KO-1 is more stable than cyclic KO-4 be-
comes clear. Because of the compact structure of a cage form,
there are more pairs of water molecules interacing through the
dispersion force than in the flat cyclic KO-4. Thus, the dis-
persion terms is expected to play a key role in determining the
relative stability of the large water clusters.

The interaction energy of pairs of hydrogen bonds in larger
water clusters, (H,O)g and (H,0),,, is shown in Figure 5
Both geometries are given by Xantheas.*® In (H,O)g, wa-
ters W1, W2, W3 and W4 are type of [ID2A], and the oth-
ers are [2D1A]. For a [1D2A] water as hydrogen donor and a
[2D1A] water as hydrogen acceptor, the energy component is
[-11.3;—12.8, _0'4}|1D2A]-[2D1A]' On the other hand, for the
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hydrogen bond having [2D1A] as hydrogen donor and [1D1A]
as hydrogen acceptor, it is [~7.6;=5.2,~0.4];p; a1 1D2A]-
Previously the calculated harmonic frequencies are used for
the measure of the strength of the hydrogen bond. The present
method clearly shows the difference of the hydrogen bonds,
dependent on the type of waters involved.

Because of the low symmetry, (H,0);, contains vari-
ous strengths of the hydrogen bonds. The [ID2A] type of
water molecules are W1, W2, W4, W8, and WI10. The
others are [2DI1A] also in (H,0),,. There are four hy-
drogen bonds which have [1D2A] as hydrogen donor and
[2D1A] as hydrogen acceptor. The energy components
are [—12.5;-15.2, 0.5y 0.w3» [—12.3;—15.4,—0.5] 4 wss
[-11.7;—13.7,-0.4]yg.wo, and [=9.8;—9.2, —0.4]y; wa-
The other hydrogen bonds have [2D1A] as hydrogen donor
and [1D2A] as hydrogen acceptor, except for the pair, W3-

W7, in which both molecules are of [2D1A] and the en-
ergy component is [—9.8;—8.9,—0.4)y5_w7. For the pairs of
[2D1A] as hydrogen donor and [1D2A] as hydrogen accep-
tor, the dispersion energies range from -8.6 to -6.6, and the
charge-transfer energies ranges from -6.3 to -4.0. They vary,
dependent on the constraint forms of the hydrogen bond net-
works. There are stronger hydrogen bonds in (H,0),, than in
D,4(H,0)g, in which the networks are strictly constraint.

More systematic analysis for many isomers of larger water
clusters using the energy components of the hydrogen bonding
pairs may reveal the determining factors of the stable hydro-
gen bond networks and clusters. The work is under way.
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Concluding Remark

The method used in this paper has sever restrictions because of
the lack of the intramolecular correlation effects on the molec-
ular interaction. The electronic correlation changes the elec-
tron distribution of the monomer, and it does effect on the elec-
trostatic interaction between molecules. Besides, the occupied
MOs of the monomer are changed (polarized) by the other
molecules, and the intramolecular correlation is changed. This
effect becomes important in the strong molecular complexes.
With these restrictions in mind, the present work has demon-
strated that the third order single excitation perturbation theory
with the dispersion correction (LP MO 3SPT + Disp ) can be
utilized in studying the molecular clusters consisting of many
closed shell molecules. The method is now at the stage of the
practical calculations. Because the energy-gradient technique
is not ready yet, the combination with the Monte Carlo simula-
tion might be an appropriate technique to study the molecular
clusters. The collaborative work using the replica switching
method is under way.

The computations consist of three steps; 1) obtaining the
LP MO, 2) solving the first order wave function p(SPT for
calculating EgiﬁzTE and 3) solving Eq. (12) for the first or-
der wave function W(VPPT=Disp The parallel implementation
for all steps is possible. In particular, the parallelization of
the most time-consuming part, the evaluation of the disper-
sion energy, enhances the applicability of the method. The
present code occasionally encounters some difficulty in solv-
ing the LP MO equation. Because of this convergence prob-
lem, the 7 stacking complexes have to be avoided in the study.
These are only a part of a ’to do’ list. There are many tech-
nical tasks to enhance the applicability of the method as well
as theoretical problems to improve the accuracy of the theory.
Because the LP MO based many-electron functions are fully
antisymmetric (symmetry-adaptive), the systematic improve-
ment is expected by the better quality of the basis sets and by
the higher level of electron-correlation theories. The author
sincerely welcomes the other research groups to overtake his
works on this project.
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Breaking of Orbital, Spin and Charge Symmetries in Chemical Reactions (4)
— Theoretical Studies of Oxygen Evolving Complex (OEC) of Photosynthesis Il (PSI) —

Kizashi YAMAGUCHI," Mitsuo SHOJI,** Tohru SAITO,"**
Hiroshi ISOBE™** and Shysuke YAMANAKA***

The X-ray diffraction (XRD) experiment for oxygen evolving complex (OEC) of photosystem II (PSII)
refined at 1.9A resolution has revealed the Mn-Mn, Mn-Ca, Mn-O and Ca-O distances of the CaMn,Os
cluster, positions of coordinated four waters and structures of hydrogen-bonding networks. These
experimental results have provided necessary information for theoretical modelings of the catalytic site
for water splitting reaction. First of all, BS DFT calculations have been performed based on a small
cluster model, providing 128 different BS DFT solutions that have elucidated quasi-degenerated energy
levels arising from both spin and charge fluctuations in the CaMn,Os cluster. The natural orbital (NO)
analysis of the BS DFT solutions has elucidated the natural orbitals and occupations numbers that are
used for theoretical classifications of localized d-electrons, labile Mn-O bonds and other closed-shell
orbitals. The natural LUMO for the labile Mn-O bonds has been used for theoretical prediction of
possible reaction pathways for the oxygen-oxygen (O-O) bond formation in water splitting reaction. The
location of the transition structure (TS) for one of possible pathways has been performed to elucidate
the nature of chemical bonds for the Mn-oxo intermediate and TS. The NO analysis of the BS DFT
solutions has explored a chameleonic mechanism for the O-O bond formation: significant diradical
character of the Mn=0 bond for oxygen activation and the non radical nature at TS, namely continuous
variation of the electronic property along the reaction pathway. Full geometry optimization of a larger
cluster model for OEC of PSII by UB3LYP has also been carried out to elucidate the optimized structure
of hydrogen-bonding networks. Implications of these computational results are discussed in relation to
characteristic behaviors of strongly correlated electron systems.
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T L EHHEPROPDO SNV — T THEITTTTH 5,
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A7 —DOREEIIARD A Y b T =R e XA F Y V337
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P EBTIZED L) LRETRIGROIMNIHmE I NS
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720
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ek T v F 2 RUX MRS SRR Tl CaAf 4 v ITHEE
AF VBB L TV ALIEESIRESINTEY.,. ZORE
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BL AT TRED, ZoRBICHLCEFrY v
(Y161 D7 =/ — )VHHh 5 (through space) P680
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WIKERAEE 1.79A(158 YERTZEIZT A,

BISIZRL7ZZE KT (W), K6 (W), K5 (Ws)

AR BAREREF v b7 —2131.89A(177°). 1.81
A(175 )TH Y. K5 (Ws), K3 (W3) b 1.95A(167°)
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£ Q.6A) IZW,D0HZ Vv — 7 DKFE & W FE D
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T HEFOG6) LK1 (W) DORFEMOHFIET 5KFE
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CaMn,Os 7 7 A % — 1M 2 B AHEE TR 2D TZ
OERM L FHRAIIRINEERH L2 X9 IS RiEZRAE O
CASCF, DMRG 7% E OISR FEAT T 2 LEDBH %, 72
& ZE KGRSO Kok 4 7 VO Tl b HE 7% S,
ARFE T3 Mn DR ALAREEIZ Mn (1) ,Mn (V) , TH % D Td
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DDT S5 MG TETFEIZA0HIZR S, K-> THETNHE
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CAS) 1Z56WLES6 T 75 (56,56} 127 B — i M
VT M@ ELTEBLTL EF ZIECASIE
(14,14} 1272 2 O TREFEPEIC R b, L LIGAEK
FZDCaMnOs 7 5 A7 —CRBEY 7 =4 v L EET
fliMn & OBETBEHEERIHE L) LTHBED T
=V OpBEBTFO—EIZCASIZH D A F v & WwiF
TV, MEREORENYALHI LD THINENE
HERIC T 5 DR O TEBICHHEZETLT
AENVEZOHIIMFES v, 2T EHEZD LS %
PRI 3 0> 72 W i 8] 75 L 72 Broken-Symmetry (BS) Hl o
FEILME (DFT) #:&2 Wzt 2 57352 8121
to9>—12>

ECTCaMn0s 7 7 A ¥ —DHENEE (DFT) LA
VOFHEEZFEATTHICLTHMIE T4 EEETN TS
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FHiZE) SHEORENEZ 2 oMb, BiEAITETDA
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Mn — A =—— Mn
o "
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o ]
giriic g o
(H)

6 CaMn,Os” 7 A% —CHhE% 8fHA Y /’]‘%1:-_ (3LS, 4IS, 1HS)
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T E Ly PUORSEM % 10 au 12 #% 58 L 72 SCF
HEFAT L7z TORSGMH 2R L RE LERIEH L T
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TlZCaMnOs 27 9 A% — DL L TR 1 IZR L7/
SODOFHEEFNVERH Lz, M7IXELNZ8DD X
VOB DT s8I A NT X RO ANV F—
NER. 2 /R L7z 7 X 0. LSRG IREEREE % 5
A5, BCIE R OAN T AV F— 2N S B EE T RIS
WA 2 T ANV F— L XL,

L# L. BSDFTEME T 515 LSH#HICIXIS. HSH#
DELEPEEINDE LNV A VIRBARREORENDH SO
TENEBRLDEDNDH L. ZOREIEET L8
BSDFT#M 27 5 A% —H 4 ADOKE S OEALITHIET
5 T ANF —EHHEICLEE L XD size-extensivity 54 &
WABDEMZLTWADTEDLELZEI W LT
Hbo ARTIZINS OFHHBICHET M H A
SV, BEICZ 05t EET 5 2 MR T L T
W A A Y —ICE TR L7 b D &
LTAEVRBARMBEEZHRE L, RI7IZAE VEHERD
WD IR L7770 TAMEF—LRNUDPEEEZZIT 55, K
Z¥ Y (LS) RERBEIZZIL LW ENHL, S5
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EUNINW =7 EENE R VAR E A
M (J) 2RO EHMETHL (ZOMICEHLTH
UM 7 BRI W5 5) " 2 O R4 C O Mn-Mn [

OME (6 HEOIE) BSET TR MDY i
FIRICAHEAER L T AIREBICH 2 Z EAVHIA L 72,
K S IM X T 7 Berkeley 6 € 7 1LY T1E 3 2w
L 4O METRB KL GEG0% > 72D T ORI
1aliEORMTH b, ZOHBIZSBRETBEOMEY
AT ARRICER L 25,

KIZMn(V) % & CaMn(IV),05 7 9 2% — (1b) @
BS DFTFIE #9247 L7z 1bDECEIZKok ¥4 7 VTD
SRS T 50 ZOHEITHBHE6ITIRLIZAY VR
B RE 7 O TR % FEAT L7z B RO R
(3BT % 2SUBSLYP ULBIE & M1 3 % B D) HS fift A3k
JERLE 7 B Z L AVHIBI L72e S O%TIEMn OEE{LEL
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MVEHEICIK 6 TR L7z 8D A ¥ ELE 2SR &2 DT
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T ORfFICHIY T 2 AR % 5 H L. BSDFTSCF#H
BFEIT L7z K81, YU L7232 D BS #4> H AHx Y
WCRER2EOML VRO ANF =L XV ERL
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TOERD . K102, K L 7248 D BS#HH 5
MRS ERFEL VRO AN F =L NV ERL
720 X110 & Y UB3LYPILBI% % M 3~ % BR b IS i o3 3k
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PEHFEL T2 EMHBEE T ROMNBERLTED., A
PT R BB ORI L ) RIRIRES B L) B2 &
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L7z L2l 770 b ¥ BER KD RICHERE OGS
WCIEARFEREEL Y VT =2 &K 5 ITR Lz Y
A RETNI FGAY —DRADPLEELE LD, 5B AR5
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VHE Mn(V)=0) (3l 05 THLEFE TldMnEE %
MO 3EFHAOEENPFRENLZ L LD, RELET
Hbo FEBEaD v XK E WbILD Mn-O %G HEEED 5
Vv (1.55A) ZEMnA F VRS ShTwb."” L
L. ZOHEKRORISEIZR . —F . Mn-Of & i

» £ v (1.70ALL 1) ®Mn=0bond T i HOMO-
LUMO¥ ¥ v 7A/h& %2 ), ZEIHMALEND H
127 ) HOMO-LUMOR & 252 & 0 A5k L 725 Btk
DOWN7-WEIIMn B L OBES A MZEhZF R
FTHEITHY, ALFIZIZA T VE T VAV DOWEH
WRT 5. BETIMn(V) =046 0 3 EHAZEN L
VS VAN E W) HEOEEEIX, 19864F 12K~ b
R L728 ) TH L2006 A PoOUEEE Z 2
HCAHENTH D, L Lass., KosmIq
DKFTFOFELET THEITL TWA I EEEETIUL B
BEEC X0 5V A VAERHEDSA T BRI AR X B TR
Whd 5, B, Mn=0DH %\ 1Z Mn,O, D O J5i T 5845
OBEF IS ZEEHT AU ETH 5, DM TR
FTEHIHKADIN—TTHHADETFT VR TORE %
FATL 724 R KR FOBGICZE ) Mn(V)=0#HD T
IANERBEEICRDT B D bholze —F. EER
MICHHEL DTN —TW<3 FVRETVE AR L.
Z O JUBHERE & MGT L7 3, 9 Vv BE T o
DOW S O REMEDS RN ZE T W5,
INHLOEREZ D LIZSHE SN BSDFT#F L ) X
TECT A EE 2D S Z LI LTz, o7 1
T A TR L IUSBIE T UL % 2R3V UG A
2FMNT 272013 RKZEHE (LUMO) OEx LT
WMHTLENH L, L2 LRATS, BSDFT#ED 5 1%
5N % LUMO ZIE D BME TR S PR LAY 72 Wi A3
50T, ZZTIXETIZBSDFTE & ) £ 5 h -8
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Hl % b BT HIRLE R 2 F£4T Ll O HOMO,
LUMO IZ#249 % B#&®BLE (Natural Orbitals ; NO) %
K72." T ZOWHEBROREY & LTINS OB

W EDREBFVFLET 202 nm AR (occupatlon
number sn) BHONE, TOHAKOKE X% AN
ZOYEOERIHNHT 5, —FlZ1dicEE, F£1
WCRT EIICEFTHAHATHOMO, LUMO & 1211
TECHLERN 7 EMAAET 5, 2D & IZHOMO,
LUMO O #fLE R 412 & 1 58 &2 2R TEAL L 72 i 28
4BGEETHIE2ERL, ERICCOHELY R L
THADLETRTCE-BTICHIETL25DTHD I Lhb
Polee FEBE EFIDLZANVF I X 2L (—F
TFRE) RS L. BAWHEEHORETLHSHDT
COMHTRERIIZ Y THLI EDHL, LA L, HVE
THBERIIIC X 2 -7 D JFELIE Mn AR LA 1) O 45
# (Mott insulator) TH YV BHEOFAIH LMEED L
7\,

1 BSDFTR® FRBLEMNT X 015572 56

i a (3333) B (3443) y (4444)

0 0.002 (99.6)° 0.000 (100)* 0.007 (98.6)"
1 0.019 (96.2)° 0.013 (97.4)° 0.013 (97.4)°
2 0.020 (96.0)° 0.041 (91.8)° 0.041 (91.8)°
3 0.052 (89.6)° 0.067 (86.7)" 0.069 (86.3)"
4 0.064 (87.3)" 0.074 (85.3)° 0.074 (85.3)°
5 0.097 (80.8)" 0.097 (80.8)° 0.109 (78.5)"
6 0.146 (71.4)° 0.109 (78.5)° 0.549 (15.6)
7 0.163 (68.2)" 0.591 (12.4) 0.803 (2.4)
8 0.642 (9.1) 0.755 (3.8) 0.734 (4.6)

“(1234), "(14), “(23), ‘(24), *(123) |3 HOMO-LUMO R4
o, B,y \& Mn OFLEE 9

P TN

—7J, CaMn,Os 7 5 A ¥ —H%lH O Mn HEAS SR & 22
%AHDEFECa() D F—¥ ¥ 72k FEUEATH (L)
TdH>THMniborh HEFA—2%IF 5T L HET
EAIZIEMa(V)=0FFENERL ) 2 HTHh b, F

D)

Mn o o —|—Mn—|—0
/ / & v /

B, Kok A4 7 VDI DIRETDH 5 SpiRETIZLICa
(I) JCaMn (IN);Mn (IV) Os DEEILIREE T H % A5, Ca(ll) i
?ﬁ@%Mn(Iﬂ) I2FE 9 & L[Mn(I) ]JCaMn (I);Mn (I1) O5 &
Y, BEOM(D)BEEKICE L, 51T, 4ET
WAL A AT L 72 SuIRE T3 £ Z 1 LICa() JCaMn
(IV);sMn(V)Os. L[Mn(Il)]CaMn(IV);Mn(IV)Os & 7 %
DT, WFHTIEMnV)=0DEEDBES TH LHH HH
TIEMn(V) =0 TiiMEAfbidlb o TLEI LR B,
Lad, Bikoay) v & 0% EMn+ * v fiG
Mn(V)=0 (1.55A) &£ 7% 9, CaMn,0s2 7 A ¥ — T
ZeMn(V)=0e EELREVES VI NMZ L OEIET
fliMn A F 212 & D IGHAL S N2 E D T BE T
Db EHANIE S 72 BSDFT % o H AR ILE T IC &
DHBIL 72" 2 ﬁi% 1219864125 L 72 B % @
B R X &0V %V A S B BRI AT A o R '
EXKEA LT D, 19864F 13 8 LWy v il (= 5k
B ENETH 2, T ORELa(ll),Cu(l) O, A%
g TH %A La(ll) % Sr() 2§ 5 & BRI
La(IDSr(I)Cu(I) Oy & 7 Y $H A MTA— L 2SEA S
NABDPEBICIZMEY 7 =4 55 Cu(lD) ICHE BB
z‘a’ (I2La(I)Sr(DCu@O5(0°) &% %, DL
v AR OE FAIILRAHBI B TR D5 & i 2 )
9 E%'ﬂﬁ%ﬁg MEETHLIENHMINLH, K
W2 HARBLEIRNT 2> & PR E NS KOS WE (OH T
Jr Yy K) OFETEEEIET A SO EE AN
mﬁ%%zﬁ Lf:010>,12)
3.3 HALF> (Chameleonic) HEDIREE
FEREDVRESNTHRIT Y FUBY | ~xouy 1Y,
B X OFBX A SRS v hd Ca(D 2 &t
IR 2 N B E R A, S HICF 2N OFMI
WCu-4+F Y CHfESIN/ M4+ Y2 HFLTw5b, fiEo
T, ZOMnH¥ A MIMn(V)=0% %\ iEMn(IV)-OH £
O SAR L. Ca() A+ ¥ EONA FuaF oA F

CVPO—Mn @O—Mn
/ / / /

OH'—Ca-|— 0

Mn @— Mn O $——Mn
S—

(E) (F)

11 FEILBBGEHAIC X Y R 72 BS O FARBLEIENT X U 15 5 172 LUMO OJER & PR E N 2 M —IRFERS 5 BUSHREH
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1.9465
12 (A) Mn# ¥V diEO HOMO B X I'LUMO OIRB & U2 0 A 5
(B) MFE—EFHH A SIEOEBIREIZH 1T 2 HOMO B X N LUMO IS L U020 54 #

Y (HHVIFK) ERIEL. O-Of& %4 5Mn(V)
OOH & %\ iz Mn(Il) (HOOH) % A1 5 W hetEAs#%
AbNb, E5IC, IEIFEEE ML T, Y7 vk
T2 A F VBT RN D BUSH K AEAET S
WA D EE 25125, 20044 124 H—/N—
N=5I2 k) a kRO XSS RS
FEICIE, BREOMESLKOBNAEEITIHMEICHZ TV
Molze LA L. ®O0 05T (FTIR, ENDOR,
ESEEM, ESE-ENDOR 7% &) X o T4 T d KDL
WEICHT 2 HERIIB LN TV, 22T, KL bitE
HWREINOLOEBHEREEREG LT, KIIIRTA S
CHIBURHEREICRI T 2% % L7z Bl B, SyIREETIX
Mn & CalZ/K2SEAE Ly Sy REE CTld Mn IZBLAL L 727K 28
Bi7a b oAb L. SREETIIMn OB LA H#EFT L, SyIk
RETCallBfL L7zAKAS, Bi7a b b9 2 & v ) HEkE
Thb."” EBIHEETES,KELSSRBICBITT S
SO B RE DK ZE i < A 5 2O EZEALANE & TV B THE
A 5o

2005 4F M 1L S5 IRFED & S, IREB IR AT T A Be R Tl
SHICH A DT EESH YV REN LD OEZHNTH S
(AR B 2 R 305) o ) B8 X & v KI5 2
&L Mo T Y R URBERIEEZ T = Vs o&E %
LTK (Brwide Faxi7=4) ofi7ua b 1t
WCHGTHWREEZERL WAL, BETRERTY =
F Y TR —HH6AL R T WS T & AR S

0.0535

NTHH., ZOMGRIHESRTWS, LaL, ko
a2 KICE X2 TS oM E IR S 0T,
k& 02007 EDIRE TEZFO L) ITBEShTWV S,
FEBE 20074ETOKROBGICHT 25 (FE4EO &M
WG 7 21'Y) OEFVEEREEL D, KB5 O
FnB 2% T 22 L ich 572" 22 TizMn(V)
=OMEBADROMEIZE VELEL TV D L ORI
Ly WERT7=Frorbhickrl7a b EEECES
L. MnOOH 23§ 5 JUB A F — AR EFEL I N T»
%o Mn(V)=O#&AHEMT % &31E, S;IRENS S,
RENOBITOERKTTa b V2B SN L ENDH
Bo LML, TNHDA F U BEZFEIET 501213,
9., CaMnOs 7 T A ¥ — D KO BLALHE & A3 B S
NI E LR BTV 28E T L2 e h o 72

L[] O P HL X A s IR 2-5 1R L & 9 1ok
GRS A MCHEAET DRAIRRPKERE R Y bT—2 %
R L 720 22 TETHED SO TIATR L2 BUBHRE
B D AR & W R A AR RO O B R IREE & MR
L CHhize K12I12ZN 5 DR TO BSDFT 0 H KL
BT 513 5N 72 LUMO DR & 5 E K Z RS,
MAAKDOMn + F VGO LUMO ® 5 A%13044TH Y |
B S 2SR Mn A 4 V12 & A EEZEOTEAL DR
ZRTe LAL. AL SHET2RY ET I h ok
BN EEL Vv, ZOREE, B FF T 7 =4 VMt
MU CRTHERT 2B E—MH AR O BRIRE T
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K2 DHHALF Y (Cameleon) IZIZTWAHDTH AL
7% ~ (Chameleonic) H#f & WA 7Z23F D2 FRD EY) 72
LDOTHHIEDBHWP L 4. HILIR LMo
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AR TR LR O TR BEZ & RIS RF O A HIZ
D7V —F 20114 O Nature 5 1256 % L - KBt %
FIHLTKEZDMRLBIELRETEHAER I AT A1
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VIR X A S &0 RIR S 2 RSOGO HEH LT
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7D TF ORI L 72 BSDFT (% 2 LB B it 4E)
ZHIT L, ZOWELET - A VIREEZH S I
72 F7-. BSDFTR® HRMERITZFET L. fFoh
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Efficient Exploration of Chemical Reaction Routes on Potential Surfaces

Koichi OHNO*

In order to elucidate chemical species as well as reaction channels on the potential surface for a given

chemical composition, such as HgC;N,Oy, efficient methods should be introduced, because com-

putation time tends to be unmanageable when the number of atoms increases. In this study, a parallel

GRRM method has been developed for exploration of chemical reaction routes, and its performance was

found to be excellent. A limited search technique has also been developed, and its performance was

studied in detail; the large ADD technique was found to decrease computation time considerably for

finding important equilibrium structures and transition states.

1.3 U & (Z

—EDLFEHE DS ED X ) AL G WA TEE D H,
FENDHWE I ED L) RSB TR IENTW S
P EREDX)IHRT B ISR A
LA 2 ECRAMICEELZMETH L, ZhoHo
MBI, ZOLARIR 2 RS T 2 RIS 3 5K 7
YU VEREICHET A RE. Yab—T 1 v =itk
Rz OTRD, FOERE LTS 5 P, &%
fixE, BILOZENS 24 REA R EZ <> 52
LIZXY, IRTHITEDLRTOLDOTH D, £TH
B, FNEBEHRFEICESVTHEITY 2 LiE, BT
BB3METHROLEL <X WwAs, 4 EICR 5 LR
HEMBKICRL0, CARICERENDI VY 2—7%
EHW/ZELTH, BEAERTETHLLEINTE
[1]o & 51, 2004 5E 128 L SUSHREERIRE 7 v T
A% ML, 5 BT UL EO LM R LT RSk
EHDOLEEIER TR TH B 2 & &R L. AL RS REE
HEIER 7125 L GRRM O BS & it T & 72[2-41,
ZHICE T, HROTETREIETE Lo/l &8
LIRSS L 512D, ISR OETHERH 8
FFREITITAA L9125 7205], LHL. 10EF
YL O LS o SOS R o S, W% ot
OFERBEMTIITVENZ WD, X ORI 4 UG
BRBRFEORBPLETH S, AFMTIE. KT rix
WV FT FASAFAE T 2 b5 OB R 2 ARG (I [ C Rl
RZ72ODFREMRF L. RN FLEOMIEEAT - 724
BIZOWTHET 5,

201242 H 1 H =23
P LSRR SE T 7 1 —

2. FBEMTHEAHICE I RIRRER

FEOFRICZINDETFOEMICHT 28T~
Y VERADG 2o T, 2oftETtikans
LMo EIE. KT v ¥ vy VR OM/N . CEHE
&, EQ) &L TEKDODLNL, TDLHHEQIE. P
WA K TH, EEOMPIESE 2 RGE L, fiil ioB LE
HEITAIE @%,. 12DEQEHAZ LA TES, EQ
BWl1ohzoh/ze LT, TO/MAORNFERIE. Rt
IR o 7o R T Vv VRO E ) <HHT 5
EHBIC 7R B [2-41

1iE, EBIILSALNLLART ¥ ¥ ¥ )V (reac-
tion potential) DMWY 2] & LT, #iE AN TEQ
M OREEEF v > AV (DC) ~ERATT 5 RUbHER (7))
LB OMAIZ AT 5 TEQ D L ERIRE (TS) %
W2 THOEQN L BATT 5 MUnKER (f) ZEIC
BLTW2, 22T EQTEF Y Y v Va4 5— )R
B35 &, MOHEHITER 2ROHETHY., EQIZHW
THRIEIRB N 21T R XHEBIC2ROHEEED D Z LN
TE, IhEBWicEs e, KTITHBTR LW
#t (harmonic potential) 1272 %,
Harmonic polenlia.l (parabola)

DC

Real potential

EQ

Fig.1. Typical reaction potentials and anharmonic downward distor-

tion (ADD) with respect to the harmonic potential
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COWRE GRMET > ¥ v )b) Z2HEIZLTRIED
KT VT v VRO ERD 2 L. EQA2 5., A
YN TDCITEBITT 2560, HEVSHAZEDSTTS
NEBITTAHAL. EH5 LMWL ) THICEED
RFV Iy VWHREATEDY, FERMTHEA (anhar-
monic downward distortion, ADD) 23754 L TWw5Z &
Wb b, Lizh->T. ADDAERISOMEIT %L
RSO L) RHEXZ LTI EFEDOEND,

EQIZHBF % 2 kMriz. EDOHAIZOWTHIETDH
0. BWROBIETICMNIZR > TWBEH, 2 RS DK
X8 (HomE BE) &, Ack-> TRE %,

2R DORE S EEETIC, TALVF -
MAEEET & Ehid, NENERRL A ARE) 2 &, IREIE
DR FEHESRB) (soft mode) D HIZAR D, FE OF
BERHLAM 2 & &t X O e BB USREE O & 1,
HESTWALIENE WV, L7zh > T, ADDSKE W)
MEELLSEHTICE TR E S, 207201213, F
W2 X5 2RI DD e { 7 B & 9 ISR HERERT & HLY
BRI L v, EQ CHMBEIRBIFI R 21T) &L FIREBE—F
OIRBYE A A, GEERBOIREY O 2 Fel2 ) 75K
HHNDEDOT, KKITHEAT > Ty HH DI 0, 123
B A, OF R A HNT TR — b L 72 SR g g, %
BAT 5o

q; = /liin (1)

ZITAhHE, A=V LM g, CRES NI
BoORT VX VERETIX, EQORD 2 RMm3E
OHMDTRTH LIRS, L7zA>T, EQDEbY
DORT T D, b LHEEICHMWTHNIX. EQ
M OE CHEEZZ SN BEREm EoRF v vid, &
DHMTHEFSLFAUEICRZ, 2F D), AF—LL
ToBEREZE ] OBk, FARIAR T ¥ ¥ v VOFERTNI %
b I T, CORMERMAZILHEIZL T, 20O LTI
DRT VI X VB ENTZT T 5 TV 5B D% i<,
ADDDORKEWVE ZAPNEE LTADORLIETTH
0. EQ4 5 Z Dt/ [A ) Flds, ADDOKE 7%
FHin, §hbbRSEEOHIE LTHa2F6Nhs 2 8
5 (K2)e 2HOLEHTLT, A=V L THEB
I ECTORT ¥ v WAHDONRA S UBRE % AD
G OBERI O PEEELICKELLT, 120EQDH
PO § T O SUGKEEE & JBER S 2 75 ik % BRI R R
(scaled hypersphere search method, SHS ;) &9 [2—
4],

EQM S EN B IZOoNART ¥ ¥ v U ASHARIZHIN L T
FIE—EICR D (DD, FT-HERAE T O A Ik
IDELEMNT, WEOPOPMERIZIZH T S) &, Z
MEDCIZHYS T 5, —H BT VT ¥ VD 2 R
12D KHMTHRICRAFIBIZAS72E (BF vy v s

Fig.2. Scaled hypersphere search (SHS) method finding all reaction
pathways starting from an EQ

RRMEZER725), TOMECTSHHFIELL) TH D
CEERLTVDEDOT, 2RBITHRICZR B TTHORK
ZROLHEENHLT, TSOMELZRET S, Vo
T2ATS SRS X, E2 0o RER T (KM
BRI > TF 245 2L o T TSHH 2 Fliic
T o TAT K BUBFERE (B4 SOG#E . intrinsic reaction
coordinate, IRC) %##%ET 5, IRCHOTE O HEIE, 1
DIITSNELREE R o72EQIIR L IETTH Y, i
FIXTS A BRI o 7245 & L Tiio EQ 2 DCIZ F3#
T5ETTH %,

PED LX) BZFMHT, 1 2OEQ®EPHIZD W THER
MHEF %179 £ EQ—DC. EQ—TS—EQ’. F7it.
EQ—TS—DC D 3 D% 4 7D JIEREE AL D
PRONBIETTH S, DCOUROV-728E1E. Fh
VLB 2 LB RS, F72ICEQ AR 2 il
ZORFEBEIZOWTH, 1 HE ) OBEKIIREZITH) 2 &
XD, EHIREQRIBKEEA. OB NITAhDNL
&k A (M3)e 1HEAYORFEZ T ToTVR
WIHTLWEQAAE L R oz by KInREOHERE
T35, TOXHITLT, 12D bERIT T RE 2 Py
ik, BRIRE, BXO, NEHEZEMWICHRETS
5 % GRRM (global reaction route mapping) % & \»
5 [4],

GRRM

Fig. 3. Global reaction route mapping (GRRM) method searching
the entire reaction channels one-after-another based on the
SHS method
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3. RICEREROIEIHE

GRRM ZEDEHIZ, 1 8D O BUOBREEIER IR 12
EREZHEP L, Thbtx53 L, £EQ TIT ) HLHERE)
R, B IR T 7T TR H o 7o M &
FUHE)DPOF v 7SI BRENRIT R T X
%o GRRMEZETIE, $TXTHOEQIZDWT, ZDFEMH®D
1RMEVEZITH OT, ERICET 5 FHEERER T,
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R &L EQDEN(EQ) DFEICR % L D b b,

T=1,N(EQ) (2)

COREHWT, GRRMEDEHIEM 2 HAED %12
2. 1A RO, & EQDBN(EQ) % M5 E
Wb WL ODDILEWIZ OV TERICETLyatE
47 o TH SN 72 GRRM DM B X Ut & N(EQ)
R o THRONZHEREEZ . R LIRT . BT
8DETAHETIE, EBOGRRME A SH SN 4
RTHY, 10ETL RETICOWTIE, 1 HEYEE
W DEBROFEAG & 2 F TISAT - 2 3RITEHE T
LN7=N(EQ) DHEFHMEIZ L 2 FHITH %,
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EWHYH Y, ERTVRLDL EIFFICKREL LD, A
BTN ENSLS D, 72 21X DHETRT
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123F5H b DEQ (BUEAR) BHEET 5, K 11E, R
HPADORERTH Y., 6 TR SHETTH, TR
5% TIE, EQOHIZEHIIEL b DEEZ LN,

K1HSWSN% K ). GRRMEHEIZE T % K
< v, A RTFORAEIE. B 2w LEH THRD
BH% 5EFIC%B L, BCNOSDHAICHTIHZEL
720 720 BERE & O 8 RO H,C,0, THAELL Lo
EREMZEHES L7, I0ETFULEICIODWTIE, F72
GRRMEIZ X B ISR O SHIERNTETE ST,
TEPSHTEORMM AT 2 LiEEt s b 720,
K @EAALZ S 2 WBR Y. 1057 DL 1o BOS R
DOEWGE FITANDS FIARIT R,

ZZ T, GRRMEtHE %2 m#ELT 27012, ZH DI
BHE (37) 2T 2W5EHEOFEEZFMHTS

EHREZOLNL, £iT, L0101 HHY OEER
&, Gaussian 71 7 A[6]I1C L A& TAL¥EH % 2 2
T OWHFIE T 572D TH Y, FSICTIED 577
WHIFHEZ ST AhTwb, B b¥RHEEY, <
LIZEEO AT % T2 FHERR 04525 A
DD, BmIALERBECEHoa 72 ML T, il
Wy 43T ETIEEMREEELS T T RIS, 8
ZWLIOZ 7RETHEHITHICA->TLE ). Lzdis
T, BLFEIEICEHo a7z HLTD, 2270
WA L R TEEREOEBL L2 RAD 20,

—75. GRRM G A OWLHL % 47 9 5502 FIME
BAT DL, RN EHEEALAD B, Fiffi TR~
72GRRMZED FIHTIX. EQOEADHEZREZ, 12oF D
NE#E D I T o TV AR, IhElcx o a7 zHwCTiefr
L T4 &9 3, 374 b5 GRRM D5 % 17
ZIE, Rl ESd b A D 5, 72720, FZix, &
RLEBDLRAIEZBOEQIAHEL LI NIER S v, fE
MATE2a7HI0,. EQDLIFLRITNE, WL b%
Boa7hHFHATEBEHHEERETH- T, WFLD 2
Uy Mo v, F1Z2ANVEHL 2R L H 12, K
TEPLL bl L ITHETEPI0HD 2% 5 &,
EQ Ot 1008 LL £ I27 2 © T, GRRM D iE5{td
A1)y PHBRRWIZHELIDETFHEING, L7z - T,
DUFTid. GRRM OIEFMEIZ DWW TR 2,

158 OFERZEBOEQIZOWTIATLTIT) &
XORADOMBEIZ, W UEQIZOWTEM L CTULFEL %
WZEThb, bLIEHT L L, TIEERAEZ L%
19 OTHFATE LV, 22T I B oLl
ZRIBL-EQ%. MIFEAY A b (doneV) A M) IZFL
BT D ENEETH D, HC 1 HHY R BHGT
512H725 T, done) A MZHBHEQICIZFZ2F 4w
Eolcdiu, EHEAEE R CTE, MEERE AL SEY
W2

DX, BEOMMIZB VT, 1 20EQ2HHEL
b3 nL, 201 HEAVERP DY, MOEQHH
BHRONDFETIE, Ia7HEEM2RWICH>TH,
GRRM & L CTOMFLHIIHIBETE v, £2 T 8
BOWAIZ, 12DEQNHAF — T 5DTIERL,
BROMYHEE & Z Ikt Rt 217 - T B

Table 1. Estimation of total GRRM computation (Cpu.) time

One-point SHS Total GRRM
Number of Atoms Cpu. Time/ hour Number of EQ Cpu. Time / hour

4 3~4 1~20 3~80

5 10~15 1~123 10~1845  (76.9d)
6 15~20 2~30 30~600 (25d)
8 39~47 2~110 78~5170 (0.59y)
10 66~112 79~>923 5214 ~>103376 (11.8y)
12 290~ 381 > 1400 >406000 (46.3 y)
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Fig.4. Single GRRM (Left) and parallel GRRM (Right).

In the parallel GRRM, the done list as well as total EQ, TS, and DC lists are common for all child processes.
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Cosmomimetic growth mechanism of carbon microcoils from vapor phase

Seiji MOTOJIMA*

The carbon microcoils (CMCs) have very interesting coiling morphologies and coiling chirality, and

the growth mechanism are very interesting in theoretical and practical point of view. The CMCs with a
three-dimensional helical/spiral structure similar to deoxynucleic acid, having coil diameter of 1-10
micrometers and coil lengths of 5~10 mm, could be obtained by the catalytic pyrolysis of acetylene. The
growing patterns of the CMCs, especially of an initial growth stage, have been examined in details. It

was found that the CMCs grew as if it was growing organisms. The animated cartoon of the growing

patterns of the CMCs was prepared using computer graphitic method.

1. 3 U & I

TYF LU EDRAKEN A %SRBG T T
SRT AL, BIZEMRIRTHWMOS —R 7 7 43—
(& M B & B & Mk #E Vapor Grown Carbon Fiber,
VGCF) »#56 1., BAME oML B2 & &
LCEMALEZNTVS, —F, EHELIE. ZOBRIESE
& BEICHEST 2 & lEIZERRICEET 21T
VGCEAERMIC 7 V7 W EBNT, —ED L VL
IA NV FE2HOTTNANY) v 7 AR —KR o~ A
a4V (CMC) "o hsdHz2 R L. o —
RrxA4raafnid, a4 ViEPumt—%—7T, &
RV L A4 FIEREZ LBY., B fFic~vf s
WERER WIS 5o TR AEICERTED
MW 2 OESNT A — 5 —DBKITEILT 5 %
ELMOFMICIZASNEVWE L OB AEAEL TV,
L7255 C. BEMEBIDM, £y H—RT5 & HAw
SO T & 25 EM L LTS REH
DEMERFEE LN TV 5,

—Ji. OFRFKEHRIRICEET 2137 D VGCFAS, A
ST & o TR AREEHBIZ A — )L LTI A VIRIZEL
ONPP@AL) T - FF)TA (k& A&X) X
ik oTkELON? ZOHBEIZ?OBED
CMC I3DNA LRD F T~ » 7 ZRIEET %
B BT TN v 7 ZARICKET 200 °? 85K
OFEMELN DD, CNOORMEEBEHLrLIAL ) ¥

20124E2 H 6 H 523
B BRI SERT 7 = 1 —

TAHZXNERT B2 L3, SRS RO B %
KT ZEMBE LSS, FFIVHBLTCIA VD
R REME A T & T L v ) FEHIBLEA S b IEH IR
RO TnE, SNHOBEMEIIH LT, 2
Ty £ DAL VKA I = A LDREESAT VL,
INLOBERIIIRT, LArL., ThHEDOWTOH
RIZHWTY, 20X I = A L0E, BEAN, EMNT,
EIEF—FIFFEA LRV,

ZH O, NI (SRS 2HwTad
VAR ZATV. NS X ) SRBIERL O T 4 VIEE
WEWYEHLZEZHLNIL, TACMCOENT %
OY—RWENY— v RO BE 772" =
S DFERD S CMC I il o 4k 1 O il 555 o
BHVEMBE S E 2o TIAL VIRIZEEXRBORET S
L) RGHCHETEEA D = XD e REL T,
T4 VOREKERERMB X OBREDZ OB
5. CMCIEA 60rpm O M BETHIfE L 2255 L T
W bk SNz, L L,y EBICT AL VERICH
AR TR ED L) BfERETTETWL00, db
wWigaftvoas ) sy - x50 54 CGREFIN) Eik
ELTOWARTAIA ? 7 &M s s s hTwn
7\,

RIFFETIE. A NVOEENHORE Y — v R'a
A VI B B R O IR O FEM 2 BRES . MR T30
BEBIIANT 7 AN— (T4 VEEE LTS —
Ry T 7AN=) OWMMIEERIT ZITo72, £/2a
Va—%—2574 v 7 ACX)EENY— OB



30 A—RUIAZ7BIAALNVDIRAE - IATA v I RREAIZXL

(T=xA=Yav) 2fERL., RESY -0tz
'?—?'97‘:0

2. ¥ B& &

AL U - B RO GEW A JEE L, 1009 x
1200mm) % v, FEEZT ZAREY (HoA+CH+H.S) %
ORI ABAE % LM (R ICEELC
BAL TS %247 o 720 MM R fil#E & L TNid:
Bk A CF¥RA  5um) ZRIETH BAI L7,
HEVY 70 R A G R A B AFLIAR LD
C,H,=60sccm. H,=200sccm. H,S=0.2sccm. )& JE 7
EHE. ROGHEEEIZ790C. KISKEERIE S~ 1204 &
L7z

3K B # B
3.1) CMCOREMEBOHE/NZ—2EEILT 40
5
SHPHDCMCON /8 Y — 2 RE)L T 4+ 1Y —13,
JEURE 7 AR - R BE. BORIREE. BOGRER. #3507 %
EDENTHELLENAT S, bbb, CMCOREIZ
WD 72 BUS Stk D 5238 & 0 < 20, SRICRUR I X2
OFBMEE 2 % VKV, FUSZERGT 5 L. — B,
O F R A 5 2 RO EHRIR VGCF 28 5\ 12 SO 1)
WCKRET 5. QRETAHI KT 7 7 4 =1 3RKFE I
Bk 2 dl & U CERIC A — VT 5, BFDH —IVEE
BRSO IFIF—EDLE L. MIIKEVAKEIT/N
S BVE T ~BI o ursT—BELbYBERD 5,
DFDHBIA L VHFRIIC—EDIAL NVETL VLY v FT
WELT—ARKDOA =Ry a4 WvamoNn s, K1ICfilt
FEPLELTEELLZA =R 774 3= h =L
BAELRELTIAANVEERT 2 0MIREL KT, 24
DT 7AN=OH =) - BEOHMIII2HHDH |
(a), (b)) TEEUKFIMTH LA (c)~f) TIEHWIZ
KXt TH b (a). (b) BEBITHET 5 & RN
WZFTINANY v 7 2RO T V2% 505, (¢)~F) TiE
il 2 & LCTHB S EEBEDY VU~V Y 7
ATAANVDORT =4 Veld, TOLH) REISNHO
B8y — 3, BUSHH (BOSKRER : 5~300%) o4
CTWHIZBIE SN DA, ISH -2/ TR T L7724
YTIWVOMICERIZS LIFLIEBIg s, KIoh kD
L (5~15%7) B2D X HI2T A VAT -
72 &) BIOBE Y — U S Nz BUBKEHATS
5 (a) TRFELTH%EaA VERBIBEINLE VA,
1575FE b) IC2b WL Raf VEEEZLDLD
W27 % MI3ICHBEMHHAMMICEZIZILDTWDL I )L
DR 5 — ¥ J Ol i 45 D3 K GLH. & 2 oA
oo MR (KA 25 R E4RD 7 7 A4
IN—=FEUFENH =V - BERPLEEL (a). KHE

WZh =8 (T4 VE) 2/hSL LTI  VEREEZRT
X% B (b)o 4KRDT 7 4 N —1ZRALIZ 2 A Rl
GLTEFITNAN) v 7 224 VERKET S, M3cna
A VSRR OILKREEZH S ELAOMOT27 7 4
NW—FENEN2ARKD T 7 A N=DE& L. AT R
AKDT 7 AN—L o TVWBLIERIDN D, 2774
IN—=DZE IR WS iR O FEAE IR S
VDS, O AEERE GL R ASELD T
LTWw3EEZLNLDOT, ZORBHHALIX % 3d
RT .~ R4a TR o TH Y,
B O 272 il b O FEZ R L T b, [X4biZIX4aT2
KDOT 7 A N=DREELTIARE 2> T LEHTOIEK
BEREZRT, FHOT7 7 A N=ZWS2I2KD7 7 4
N— (A, B) "5%o>TEBY, INPMDT 7 43—
(C) LEAELTIAD 7 74 13— (X) £%oTWwWh,
Thbb, RENT B> S54ERKD 7 7 4 N=DHE
LTWAXIICHRZEN, FEBRIEZDI HbD1ARIZ2
KOT 7 A N—DHBELTCTEL DOTHHI N
Bhhe TNHLOMERPEL, A=K raf ViggEo
B, OREBICIE, — BRI T oMbk (75
EEZ D) OFTRTOMEHHE DS RFEAINH L TLEAIC
BRTOFREIORD T 7 A N=DREL, ZDH) HLDOH
UHINIHEE L7222 R0 @E L—ARE %) (EATAER
4R) LR, SHIN2KORT —=FEPTRIALTI
K (EHET2AR) £, ¥7Vaf VEREEKTLIE
Bhhole —J. A Lk 2 H54K0 7 7 4
NW=DERELZVT, NS 2HKDT 74 N—=PEH
WKCHREL, SHODBFEUFMISEZREL T TVaf v
BT AEA 0 LiIFLIEBIg Sz, REFAEZHSIC
RN o TRT DI A VI O H YL R Sl IR O FFAE D3
RN D,

7T 2 AV DR DGR O Z DL ER 4 1 4F
T DA CIE, ST SERBEIBE SN Th
5OF % K 6~TIZRT o X6 Tlfil ik iE—M8 T lhikny
BHINZEEEZ LTBY., WELR7 71y bOBIgESH
550bHb, —J MTTRETMLED/NE il
BT LT B 25 FERICE 7 72y b & ROl
fElBbhrar b7 AMSEEEINSE, T-0wTho
JedEh o b AHANCEREL TB Y. NAD “X DR
L b s — @i Ens, ThE BUSME
L OIREL T OB, D7 7 4 N—DNEOTAh%E
B - AT 2720IC L VELDPRI 72D EEZD
N5, FHTITHWTEEISH L TS/ 2 fililt
B, BB OB AR O WA B B IR
AR L TR B L b e EZ 5N, T4b
Hy AU EORISSFEA T TEFRWIEEL TV
i, M6a, 50 Id6bICIEWIET, JLiikaia®ic
HAMIZEZRPOREELTWwA DEEZ LN,



H—Ry<A4 704 )VDITAE -

IATA Y I RIWEATZ AL 31

1 EEMMoORE (1) (RN, Mk zR5)

[ dY

(ab) K UZ DRI DIKGE ()

. 1 SBKX

X3 EMNMHoyTra L
L ZoWHALE (d)"

FOGIER - (a) 55 (b) 154

N <R

\ s
10KV _2.80KX

K2 WERAMOEE (2)

®4 s oinksE®



32 A—RIyIAZOIAALNVNDIRE - IATFA v I EREAHIZ AL

4991 C2H23@SE

5 HETOFTVIaL VOEHRK ) &ZFoik
X (b)

K6 #7ivaf ok (1)

_@oKx Z Spr 2169 HOSAS129




H—Rry<A4 7024 )VDITAE -

IATA Y I RIWEATZ AL 33

3.2) FRIERI DR

T4 VORI, LIELIEHER 7 72 v b
ZREOMBLR SR X N7z, B A IENIfEE T S
IA Ve X8R, A7 7y PABIRES
N5 M8bIZZ NS Ofilil % fimifiZH> I A Vo
XRD /8% — ¥ %73 ", Ni;C (thombohedral) # D 7f
ERBOOLNL, Thbh, e LTNiZHWH

Pas

&y NilZ At (NiC) & %o TWB I EDVHD b,
9 |2 S 33 12 & 2 il LK 0 TEM IS 11 0545 1% 0F 2 b
BRALEF B iR 2 73 e a4 VERBICH 2
NiC Mk 13 WA T B 2 L A0 B0 1012 Fe %
TR & L7 % TR S U7 T A L B o0 fil st
OB T A %% 7T, F7521Fe-CRILEW D
BT EBEMEZRT Y BT REIHRI I 2 4R

/ |
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AN AR |
VAR |
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| ke
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CuKe (28)

X8 fil #f %8 5 DSEM{% (a ) KU Z ®
XRD/$%—> (b)"? (O) NisC

10 Fe-Ni Rl T/ 5 4172 3 A Ve o il Bk o B -7t
[EE/E S
HT5E8  a=11.36A, b=4.33A, ¢=6.56A

X9 fil RO TEMEGHIF G (@) ROZEDOET
WIS ()™ (A) (1010) : (B) (0111) :
(C) (1101)

K1 EEXHZZXL0H)

1) Boehm's mechanism

2) Baker's branching mechanism
3) Baker's filament growth model
4) Downs-Baker's Mechanism

5) Kim-Baker's mechanism

6) Amelinckx’s mechanism

7) Owens's mechanism

8) Fonseca-Dunlop’s Mechanism
9) Li's mechanism

10) Chesnokov's mechanism
11) Motojima's anisotropy mechanism

&2 Fe-CRILEWOMTEL"

Fe:Cy 2 b c v, B Structure
FeC 43 25 6.7 Orthorhombic
Fe:C 2.79 2.79 4.36 y=120.9 ° Monoclinic

470 432 2383 Orthorhombic
Fe:Cs 6.88 6.88 4.54 Hexagonal
FesC:11.56 4.79  5.06 B=97.6"° Monoclinic
FesC 275 276 435 Hexagonal
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%) RS, FULEBICIZ3 DML EO KA 4 v 28
HoNsd, 727 74 =0 HHIIEE S8 30nm D
MWI Y b T A NOENREINL, 77 AN=03D
ORAEZFED F XA VPO ENTwAEZ LiE, 2
A NV&E3000C THUB L THONIZTT T 74 MaAg
VORI OBIERER (K12) £ —FKLTwd, &
BT, K3~4IZR L7z & HIc, a4 VEHBELTYS
T 7 AN=P3ODHMEP O L2 —KRTTE
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3.4) NiB#E&EZRAVEZCMCOAER

FIflAE & U C3MEIE o K & o Ni B R
(100,110, 111) ZHW72Bo, RFNMBER I A
MO E2 RS o RIS & o TR OB S 2
WA S, ATHIEREIE. (100)>(111)>(110)
THbo Yang b 1. A ¥ % 700C TNikiF L CTH
MRLTEONE =K 74542 bW HHEEDIE
firix (11D> 31D>(100)>(110) THH L wH, =
O MEF 1% o LaCava & 'Y @ f % (111)>(100)>(110)>

% 4 15)

EHMO Results for Total Reduced Overlap Popula-
tions (OP) and Binding Energies (BE) between Graph-
ite (12 Atoms) and Ni Faces (9 Atoms)

Ni face (111 (311) (100) (110)

op 3.24 1.70 1.81 1.81
BE (eV)  —92.51 —65.09 -5249 -49.24

R 14 ik FOIREIC L 55— K> 7 7 4 N —OFF B
(2D-E 7V IH)

(311), J O'Kehrer 57 o5 (111)>(110) >(100)
(2) &b, Bh—FHLTw5D, fHtiE (F97714
) OFHIZF LTNi (111) 25 b iGE2Tmw e w9
WRIZLNiEZS 774 PEOKEIAVF -G8 L
Lb—HLTWwb, F4IHL2ONiIEREE 7S 7 74
FE oA AVFE—FFT Y Ni (111) T—7 7
T 7 A MEFRLMVELRD (OP=3.24) #/7R L. Lo
K5 ST TIZ OP=1.70~1.81THh %, F£5IZNi& COMD
il % @ Ni f&d 1 @ frontier = A& )V F — L X)L & &f 554

%5

Frontier Orbital Energy Levels and Charge Distri-
bution of Nickel in the 9Ni/12C Ni/Graphite Ensem-
bles

Ni face (111) (311} (100} (110) Graphite (0001)

-HOMO, eV 9.953 9.988 9.961 10.244 10.476
-LUMO, eV 9939 9.963 9.780 9.399 9.423
AE,, eV* 0.530 0.565 0.537 0.821
AE,, eV 0.537 0.513 0.696 1.077

4 1060 0.797 0.424 0.426
EQ{NIH

i=1

2 AE, = [Egwimomo — Eowumeo)i AE; = [Ecmomo —
EmniLumo). The summation @ is the net Ni atomic charges of
the nine atoms.

B DAL ENDRRERORE
moLa  x MOXE . &

XI5 il lEhr - 0> & 18T 12 350 2 Ml BEGG PE o0 5o 2
A NEANOKE (2D-ETIVIK)
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Multiphoton reactions of Yb’*—Yb* induced by femto- and nanosecond laser irradiation

Nobuaki NAKASHIMA*

Ytterbium 3+ ions in methanol were found to be reduced to the corresponding 2+ ions upon laser
irradiation with each of three excitation methods. In the first excitation method, UV nanosecond laser
pulses (a 248-nm KrF laser with a duration of 20ns and a 266-nm laser from a YAG laser with a
duration of 5ns) were used. Yb** absorption appeared after a few hundred shots of irradiation due to the
direct excitation of the charge transfer band by the UV lasers with the yield comparable to those of the
UV laser excitations of Eu’* (0.62) and Sm’™* (0.34). The second method is based on femtosecond laser
irradiation. The excitation pulses had central wavelengths of 800 nm of a Ti:sapphire laser with a
duration of 43 fs, as well as 970 and 1930 nm converted from the 800 nm fundamental pulse. The
reduction is considered to occur via solvent ionization followed by electron capture by Yb™ in spite of
resonant or non-resonant excitation to the 4f-4f transition. The third method is a two-color and two-step
excitation followed by the Yb*™ — Yb** reduction. The first photon (975 nm) pumps to the 4f excited
state, the second photon (355 nm) reaches the charge transfer state, and then the reduction occurs. These
pulses for the third method were obtained from a Nd: YAG nanosecond laser system. The excitation
wavelength effects support this mechanism. Three photo-reduction passways should be common in the
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Eu3+, Srn3+, and Yb* systems.
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L—=HF—=I12X5CTOlpkE, 0. 74 ML RIZED
BIHETF AR, ZICk < Os, . 4fE TR
RBERLLNHTHIETH 5.

22 YO - Yo' RIGICERT 5 EH

SHEPSPIZLNT EDHE—IZECT, SmT TR O
b DL FEBOBIES L TEZ ETIET SN S P,
BFHRLIETH L. ETIFEGEOL, £6 T
S, OFMERNSL ZETHAH. BmEIWIZENZENR
DL —>Ln™ F 7213 Ln" O KIERE 2 o, TS
AT 6088 E Lz,

HIhRE I & AERALEICRISAHE & B 0089 M dAR L
oA F VR EEHREPTHETE 5 2 DB T
H5. AMMEHPEALLIA F 2RI R@Ie)), 7213
b2 ROA & VIR I NG & BEH & Ol THIbEIT
FnzZ L, fERE LTCZOMBPE/L LA+ i
WP CREICHELE LBV, WP TRELRS V¥ =
FAL+ Y RTTICHLLTH L, (F1) BALBITEMN
O EH S HKRTHYD =YD (—1.15eV) ZEu" %
(—0.35eV), Sm™ % (—035eV) DHETH L0, 4

22 Lo =L 650U I, 1, 1
| I | I | I —
B n | OVL—=F— X CTIROBIG | fs/ SV A X ZEHMET | B TIRREERES | . .
(B b eEALeV) T B (P REnm) Ln*+e —Ln”, (#%Enm) 2T RE (YK nm) ik
Sm™—Sm”™ (—1.55) 62 0.34 (248) fs (800) fs (403) [8]
3+ 2+ ek st . ns (393)
Eu”—Eu™" (-0.35) 63 0.62 (248), 0.97 (308) trap A3 0.2 & 35 fs (800) ps (393) [6]
Yb* = Yb™ (—1.15) 70 HIE (248, 266) fs (800, 980, 1930) ns (975+355) [13]

Yo' = YO 20w TlA G T ok, MRILR IR Y
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CT
EU2++ CI Sm2++ cl Yb2++ CI
£ c CT
1y CT &
« g
5L 6P, £
f =
- - {Duz = 6Gap §
=
£ = £ 2Fgp2
©  230ps S 46ups S W
£ w94 ps
=== 7Fo3(4P) 6Hsp2-1312 (41%) ——=2— 2F72(4f13)
EuCl smecl Yb**CI-
a) Eu' % b) Sm™ % c) Yb' R

1 Bu”, Sm™ & YO O L F— TN,

Eu’, Sm* RO S BBEEIE, KEAF—A, FEBRISRTVwSE. (KLBK) YO 24 HER L% $6HAIEEC, Sm™ %

MeOH %k, 7' Yb™ %12 DMSO i c o, ¢

W LY BT ThIRERETHLEEZLN
5. B YbREANRL D EZ27—20HHTH 5.
FERE, UVOLIZ X 2 CTHhE @ RS, Bl Hd 1, B &
O, 7= MOV AR (A T2 £ 2@ 000,
JhE A0, LB X 5 Rn, B FdImicown
T, YO =YD SR X B LW SMIITH
NTE.

YO ROBE 5 B AR T RSO MM S TH B,
FEARALD & TTHLEBICARAET B BEIRAE 1L °Fs, 75 T %
728, AfE T IREM O % BT 5 LB R\,
2 B B Jihoke SOUG B TR T b iR BB 1L & DML &2 BT
iz 7w, Y RIS oW CTRUSHERE ORI, SO IR D
Al 2 47 212, Eu’t, Sm™ R0 BUSERE O RR 2 D b
ZENTEBLTHAS).

12X Eu”, Sm™ ESHHRE L T 5% (Yb™) o
TANLF MMM AR L B, Sm™, YOI TR 4f
BIBREIRED S 0HFEm I~ 1 7 a0l ZhwlZ
WU ETH B, mEFEREL PHEIREBIITEXS %5
2, BRI~ A 2 e oV ATESDIITTH 5.
Eu" R T E af v e TSR A70.3 12 L 7:

D5, F BV AR TS T o 720 Z s,
Eu & CfETRIRPHRELZFEL NV Dy &k LT,
Ll LTV B BEHTH 5205 HEEICE-> T,
Yo' TR ED (f TR R % % 5 % e i)
WZOWTHREL SR, IR, fE-FRhE AL,
OEEEZWSPICTELTHS ). FENFILEEIHES G
F OGO R AR EZ RS Z L2k D, Ji
REDfRETRIRIRETH S 2 L 2 WMEICTE 7.
3. ® B

31 F/WL-—Y-HiEeR

ke - 2 # L —H — 23 )L Z 1 Continuum NY81-10
(Nd: YAG L —# —, J£A 31064 nm, 900 mJ, 10 Hz,
8ns) #N—2, L, FHE/SIVAIDTOX ) ICHEE
Bl CH2 3859 355nm) 5785 X Y v 7 ik
%% Surelite OPO PLUS T i 5 920—1000 nm 7§ )V 2 (%
ml//8)V A, A2 bVIE4nm) #1572 3450 (0.5
m]/78VA) 13285 X2 MYy 7RO OV A O —E
R L. SRR R 218, W, bk
L — ¥ —ikE»E = ¥ —I|21% Ocean Photonics USB4000

A 130 mJ
t Parametric Converter YAG 3w
%
975 nm 5-10 mJ, A2=4 nm v 4 02 IR UV
5
Sample 5| 04
3w 0.07-0.5 mJ g
I ’ FE =
| = 7/
-10 10 30
3-5 mm¢ Slit Optical Dlay 10 ns tins

2 WREHER, BV A (IR £ 920-1000 nm, UV :355nm) OWHE 43I >
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W7z,

SV AD ST 4 I v FIZEETHL. 9, IR/
W ADSEI RN S, BT UV 2L A HEGT &
NDHEIHEELER 10ns & L7z, EBEORIEZ S
A MY v 7 BIROBORFEENCLY, K2ATIRT
912, BT 2 BEICIR SV AR REHIBE ST s &
Lol IR, UVASVAMTELETOELZ )N
BoTWbXIHICRAZSL ok E 0 RIENew
Focus model 1621 (7 = & M8V 213 2 oM 2R Tr
5 250 1ns, 1/2D28V A 3ns EEHHIS N 5B.)
T Tektronix TDS3032B (300 MHz) (2R L 72, L —
PNV AZANF—FEEDHLVIEE—L AT v
5 — T4k L, Gentec QE8SP-1-MT-USB 3 & (X TPM-
BI0THME= 7 — L7z, %L v ZIFIR 7OV Al A3
FHE3S mm, UV 729V 211 100 mm % Hwv 7z, e
DBEXAFF Y = DORKEZIZ03 mmOEETH - 72,
W AT E BBRMETOS MmO R v &R
5L 00— anfBEEbEEIT o e
DIEED 2 mm O TRE L, BEE, 50eEa (5
H#3600) TO Y™ D Ol %E Tid 4 mm D 5[] Tl
EL7. 145U ER UGBS L 2WwE ), NEET
5L7.

Y o CTWIL % 1 Y67 Tl L Yb - Yb™ %
HET L7720, BNF OB ==XV A FH L7
ERDONA: YAG L —H— 75266 nm 7SV A (4 151,
¥ml/7S Vv A), KitFT ¥ ¥~ — L — % — (Lambda
Phyisk COMPex 102) #* 5248 nm /% )V A (100 mJ/ /%
VA, 20ns) 47z REEVIEAER, K3AHICR
T I, ZO¥ A X132 (M) x4 (BAT) x 20 (35 %)
mm Th o 7. LV OEFIF0.16 cm’ IZHI M T 5 7S
F BV AR A IIBERORE S & 4-5mm, T 7%
bbb, WHOEREZ0036cm fEE & L7 Bik
YO IRWRIL A Y ROV S Z DL & FFE L 72 Yb
DWLIX AT NV, EIVGF WA B Tt oM

B, Cl A OB EI\HEKAET 55, EIOHERTO
ENGTFWOEAR RO IS REEREEOEY -2 (367
nm) T500M 'ecm ' & L7 WA ~RZ F Vol i
AT R TR EE 3600 & v 7z

32 TrILMWL—Y-RER

FE T AN T 28 ML —F = L HEBRILO
H0 9% £ 800 nm D 73 )V A % {572 (Thales, Alpha 100/
XS). #VKELIZ100Hz, 738V ATEIZ43 fsTH 5B, /¥
VWAMREY 7 Vvyay bt —=rayLb—4%—
(Thales, TAIGA), 7SIV AT A F — (/N7 — % —
% — (Gentec eo, PS-310B) Till & L 7z. Lk &
970, 1930 nm DFHEAL/ IV 21X 800 nm D FEARE % /85 X
Ny 7388k, BIEZE (Quantronix, TOPAS) % 5 %
2. FRERDOANXYZ N VIEIZ40 nm (970 nm /¥ L
A), 80nm (1930 nm) TH-7z. 7V RIFEIZ/NT X b
Yoy 7AW E N2 E 1400 nmo & X, 130fs
(APE, PulseCheck +— b2 L —% —CillE) THo
720T, 970 nm, 1930 nm DA b 73V A @ B IE X
1400 nm O ERREICILB > Twb EfEE L. b
DIV AY — 2% S0 mm O THEBL, W)
FHIMRST L7z, RIS BI 2 L—F—0EIE A ¥/ — )L
FCODT 45 A MEROBIE (1.0x10"° Wem ' o
F10fE &g L7z, B Vi ERRoF 2 B o gk
BOLE LR LETHE. WRART bVORPEIZIZHRS
HSEBERTU-3500 (HITACHD) % fv:7-.

YbCl;-6H,0 (Aldrich, 99.998%), * % / — )V (Nacalai,
ANRZ MIVH), 15-7 57 v-5-—F )V (15C5),
(Tokyo Kasei, >97%) 1xZ o F MM L7z &L
YO OB FEEIC L A MAL (YO YD) 2R B
O A L7, /7 BUVEE, 2%E2 & TiE
Y™ A2 0.6-0.7 M, WAHAROF S 0S5 em (5 /8
UV), 04cm (295 2EE#E) 15C5HEILZED 3
S, 7z A MBSOV AR TIZ0.I0M GREHER®

Ti:Sapphire Laser

970 nm, 1930 nm

White Light Laser

n l 20 mm
After 30 min irradiation, Yb?* 2 mm\

800 nm 43 fs 100 Hz,
OPO Laser
Lens Sample
=50 mm
]
7\
ND Filter

concentration is measured by its abs.

-—
4 mm

K3 7xa MSVARGR () LYy TV Vvoi kK (5)
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5 305cm), 15C5HREEIXZ D5 e L.

4. BREZE

41 F/PHUVL—H—NILAGRE (RIEAEX—L1)

MAIZIRYD RO AN F - L fH LY —
W EOREZRT. 800, 970, 1970 nm I k3
5725 ML —F—rOUL 2D E L 975 nm O B
LOMRERT. BIOWEO R IUE CTHRIN £ 72
f-dBEB LTI TBY, 270nmA ST Y E—2
3243 nmTh s (K5BLXU%E3). £3I2EBED
%, Ln™" (Eu™, Sm™, Yb'") & nu ¥ v 4 % v (Cl,
Br) MOCTHREOY -7 EER L7z BILEICEM
& WIHE 2 M 5.

Eu”, Sm™" R TIE I 5O CTHE L™ —Ln™ Kt &
FTImSONTK, (F2, BLos's ") %2
DAL T EM OMEEA S YD RIEE, Sm™ R o
MTHEH5, BARYD RZTHEAMOSATF SR,
FERE, RKEBRCTEITE/ 248mm (KirF L —%—),
HAHWVIE, 266 nm (YAG 4 f59%) oL —¥—3E1%T

= =
§ i v g700m
g ‘77_,1’
g Yb2++Cl
i)
EQ
© 3 2F5, 975 nm
N >
w =
S 2 2F7;, Yb3+CI-

800,970,1970 nm
fs IR pulse excitation

B4 YbCli-2 5 ) = VEEARD AN F =il 7 /B UV, 7=
L MFI SV A DL ==

2.5

= 54 CT abs. YbCI; in MeOH

515-

= 11

& 0.5 A

% 0 1 P : .
210 260 310 360

Wavelength/nm

R5 YbCli-#A % /7 — ViEir 0BT ZE) (CT) WL & ke L —
¥ — P (248 nm (KrF L — ¥ —), 266 nm (YAG4 1% 9% ))

TCTIRAEICFET X, MYH% YD ORI % Bl T X
72, THRESDORIBAF—2D I ThHD (£2).

248 %7-13266 nm

Yb?*Cl
Wa YB?"+C

(RISAF—L1)

Yb*Cr

6—8 1212266 nm L — % — /X)L 2 O B & £ O WYL
ANRT M, TENHLDEARYT MVEIRT. TDANRY
FMVORBIZED, YO YO RIS X, Yo Rk
L7z, ERmLTwS. M6DARZ MV (FEH) X
266nm 4mlJ//8)VA, 6003 3 v PRE LR TH
%. % YD B T & B UILAS370 nm AL
L, #R2ERHBEOEANRY PVELTHT7IZRL
7z.

BT7aD AT b VIEIHREESNTVWAEZSY J —VHFOD
Yo Az PP EIIZEL, YO LB O LEERT
X%, YO'OUVARY MVIZERSICE VRS, K
EETIEI5C5% 3 RMA T2 — 2713367
nm, 187 5% -6~ —F V&I Z7HE12353 nm,
XkTid ¥/ — v T365nm, THFHEEE T391 nm
LOHERH LY ZOLH LT OWRINART B
(HBVIEHHEART MV) PBEBICIVERLZZ L1
Ev”, Sm* Thb RoNbZ L ThHY M2 5d—af BB
BETHA. #, YO oiotidsssh, KR THERH
B = B A LR O R EEBR ST YD
OHEIGIIMIMBRALLT T, BT Lo/, —F,
Eu”, Sm™ TIZZ N 5082 A BN TE, FIS:HE

0.6 4y 266 nm : Yb¥*=Yh?*
g04-
Sl | ] 1
§ 0.2 - :‘\
0 T : T
250 500 750 1000

Wavelength/nm

E6 266 nmlilike Yb — Yb* IS,
600> = v FIRE, 266nm 4 mI/ 7SIV A, YbTIEEE0.6 M,
15C5121.8 M, X % 7 — ViElt. 370 nm A3 12 Yb™ oWz IL

O (1). AHN, 975 nm D Yb© O HAT B, (R 7124
K)
%3 Lo OWHBE (CT) WIHOY—2 (m), @R 2 —n, " LU, BILRTERY (eV)"”
hyra—A+> Eu® sm* Yb*
cr 272 220 243
Br 303 245 270
Ln*+e —Ln™ —0.34eV —1.55eV —1.15eV
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2 06 b)

E 0.4 Difference : Yb2t 0.001 200 1000 1100
e =
=) 5
2 02 & Rl Wavelength/nm
= 4 .0.003

0 ] | | T | | {

270 320 370 420 -0.005

Wavelength/nm

®7 a) HEHHZ (KM6) OEARZ PV UVEBIZ YO OUILARZ M VASITEL,

b) IREIIE YD O E A Y.

BRICFIH LT &7z, AL, 975 nm A oW 1,
40T F)F—HALFIZR L 22YD 04 F o
Fop+—Fpn BB ThH L. HEARZ FVIRYD DR %
RLTWS, YO = Yb % 51F [Yb ]=—[Yb"] & 7
HRETHA. 975nmTO YL D F VTR
256 M 'em', 367 nm TO Yb* O F V4 TR R
500M'ecm ' TH b, LV E04cmEEET S L YD
DWAEIZ35%x10° M TH 52, Yo oAiizzh
EDAEL1LTIXI0°MEZ 7 7h 55N, [YD]
DWWV EDHKI50% Th A, fHINEYDTEKL, #
NAHITHE < 266 nmikEIC X 0, WS Y — Y 2%
HEXL7ZOEMIMLTWD. AR X 5 K,
L™ —Ln™, 22 T34k L7 2 Mo IS HYS T 2
2% BuY, Sm* 7V a—VRTHISRTEY, KkED%K
ExPES.” YOI RTORETWLEEZOND., &
B, 266 nm L — ¥ — UGS ERZIX G TS 18 D FE 4 25780
S F 7m0 BABIC X SIS YD YD1 YAG
L —H— o 33355 nm i Ic X o THiE X 266
nm bl —#F—12X AR L2ZYDI2355nm, 1.5 ml//§
VA, 10Hz TLSPIE§ 5 &, W0 YD OWIEE»

a)

0.05 -
Difference
0.03 -
5
o DT -
< & T
A 900 1000 1100
<t
-0.03 - Wavelength/nm
-0.05 -

03525015124 L7, B o EFEI240%10° cm’
THho720T, HLIEYD > Yb O TRFIZ02%
My EHEE L7z 248nm, KifFL — F — il T 3
Yo > YO RIEAE E B L R ESPDT VDS, F I
L—H =K M) YRIZEY ORISR KD 5 TN
B %A T o7, Bu’t, SmPTR TN S M Lo’ os# g
LD BEEE & T & 5 Yb™ 0@ IO iR EE 255 5
TWwa., KIS EIZE —~Eu ©0.62,"Sm™ & T
034 CTHo72m b, YO SR THABEORRLHEET
5.

WSO DRI RIS 356 2 12X D, X b W
27 572, 266 nm 4ml/ 75V A # WIS L, 4050
(24000 3 v ), [M6ad Y Hi & O IR FHIKOED X
N7 PVERSIRL. M, 2O YD %MD
WIEREEIX 6, 7 D5 D 15REICHR L7228, I 2%
WRKTIE%R L, ERESHONGETIREBITEL 2o 724K
RREEDLNL. ZIRFEHBOZEAXZ PV (K8) X
MM OMZ R L TW5S. FEEO YD 0525
# (MO TFTHEDEMANY FV) Sh, YO %2 /4&

M, RIS, MBS YDT = YbMIZ XY 2 nm EEEMICT
0.4 ~ i
>i<  Yp=(Production )
+2 nm shift —
&
o
-+
,_Cj:_ . ~
n LY 1
= 800 - | f1,ooo 1100
02 A v il Wavelength/nm
“"" Yh3¥(Consumption )
’
0.4 - !

8 a) BYHiHDAEZRZ ML, 266 nm 4 ml/7$)V A, 10 Hz % 40 7 M55
b) YO oW (FIAE A CHEE YD > YD 2L ) 2nmEHEEMC TR YD o mBl (RE%Eg) 2Hhbl,

a) DARZ MVEHHTE 5.
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N72YD" ([M8b D LI X DERD A~ b V) HHIB
THELT, ZOEARY MNVEFHIATES., HLT
YO B AT A, YDA LT WA Y ) — L
HBEVIFIC5 =TV ERBILTLHEEZOND. fHR
ELTAER L2 YO IRIEGHT & 7 2 B T IS
HEHI ko, LERETED., FEEMBaDHEANRY
FVIZBWTEERER (51100 nm) TWINO R H R
SN7205, ZOMEBIZA Y —)v, 15C5 DRSMREE)D
G, WETOWAHN S, WO B O
ERLTW5.

42 7T ALMBIRL—H—1LZRE (RiEX¥—
L)

2NZ X MYy 7RI TI7T0nm, 1930 nm D 7 = A b
IR L —HF— SV A% 5AE S, B L7 "Fs«Fp
WX (B4, 6) 1292045990 nm % TIZ 72 5 IEH 70
nmmd» ), 7xi MOV ZIZ40nmBED AT bV
VR 5005, FOHERITIONmD 7 = A ML 21
Esp LAV TE 5. F72, IR7SVZ 1930 nm &
C OHEMZ 26T RN THIETRETIEH 5. 73V AR
1400 nm TEHii L, 130 fsTdh o7z, F¥ 4774 %
L —H— ORI ES00 nm (75V R 1§43 fs) XY™
DIELIZ< v F LTS, il v 2 & L7,

8 0.2 26.2 uJ
g 12.8 uJ
= 10.5 W
2 011 1.98 pJ
<

0.0+ e )

300 350 400 450
Wavelength / nm

9 HHHDOYD ORI A~ F v (367 nmAfEIZICE —2)
ABINS. 800 nm (43 fs/ SV AUE) XL A%1.8x10° Y 3 v
G Y AP A e d S BT L N N DY A% S N =
J—VEREBE L, 0.1 M®YbClL-6H,0, 0.5M®15C5%
&t

800 nm (43 fs D/ AME) 7SV 2% 1.8x10" Y 3 »
MRS L 72 R 2812, 800 nm % 970 nm /S )V AT
A THT o 7GR E K 9 I1TRT.

SUTUTFTRYD DERIZR S e ho 2T hid
SHoEEETHEL TV oA ICHWHKE
EE, OEEPRELTWLILHBTE .. 20l
fid 3uI THo7. ZOBMEIIHES T DL T WIND
FEBROBICBHN SN0 LHETH-o72.7 800 nm

c 008} )
Q
<
o
T 0.06 |
=
= O
“ 0.04 -
m
@ O
< 002} P
b ®
-
0.00 l—! p ! !
0 3 6 9 12

Laser Energy/ud
10 Yb* AR OIEGE OV 2 T 3OV ¥ — A7
970 nm (130 fs/7S )V AWE) 7SV A% 1.8x10" > 3 v - B4,
HEBE 367 nm 2 BT 5 YO OWOEE (2L E04 cm T
B . YO RO ML O OB A LA L.

— 131w
6.23 uJ
227w

Light Intensity / arb. units

AT
ﬁ%ﬁMth

0

400
Wavelength / nm

R 11 970nm B4, BtV &2 Z#EO AT ML,
E L Is L DOBIEIE 3 ul/ 73V A,

2NV AR OE DRI D AR VX, FHGT D
ZHTWINOL AN I bR L TH- 7.
970 nm DA, H11IZide NV E2EBBEDO AR b
WRLTWA2Y, 500 nm A2 Ay iz 72,
UEO»SHFNT = & VOV AR T, 1K
(970 nm), 2 6F LMW (1930 nm, FELME (800 nm) Jih
RTHBEORAEL EBICYDY BBl S silk
L. ZThEHBAEEEZEY, BICKISDER X 72460,
Eu** > Eu”, Sm™—Sm™*” L AHOBE/EE TV
EEZ NS, ABEOREIIIERIZIEI RO RER 1L
IR DSBS, A ¥ ) — VHEBEOBA, HOIE— 2
¥ )= NDAF A>T 4 F A FOERO—EOBS
BEZONT 207 45 A b ORCIFMIBEPIE
OWFHZALD»EE IR D, IRV—F—RZTHo[E
FICERINDLEEZONL., Thbb, 2¥ /7 —ViE
ZHTWINTA F MbE N T LEZ D,

7L ML —H =/ ZFHEED YD ARG 1 K
DEHITETS.
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n hv M) BETLA M, AR (OB), AL SOV X DR

CH3OH —— CH;OH" + e~

e + Yb* —Yp** (RIBAF = A1)
T A MV AL =i E LT, CTIRE

WIEZETFIRIUC LD, FRELTwihwy, EE2 6N
5. 3%TF®800nm/SIV A, 970 nm SV A2 X B 1%
T, ZSH < 3T WL TCTIREN T A v
FIIRERELES. LaL, RELTEINDED
e T NS T WINAE & 28I <, Afbs
(B4 T V1) OMBOHBENE W) T & EIR
LTWwa. Sm™ R TH R CTRE~NDEKWE T
DR S N7z ¢, Y Ln® — Lo K6 ¢35l o
HETHs, bokd, Lo O4f — 4f 2610,
FOBMOHE XD 2.7 5d — 4f (CT) DEHTWIL
FBRBEDL T A AU FME Y, Ln)
ZRLTWA.

43 F/W2HER2EBERE (RICXAF¥— L)
PUBE RTINS & 912 2 BRBEBERE CHLA§ 5 2 & AT
X5, CTLRNVIZIEF VBYAGL —F =D 87 X b
)y 2 ZHIZK59750m (6 ml, AXZ MVIE~4
nm) & 35 (355nm, 03m]) O 2T CTHETE
5. YbCly-6H,0, 15C5D X % ) — ViK% 372w 18
S (L= —o# K LIiX 10 Hz, 1800-10800 > = v

0.15 - 18 min

Abs./0.4cm

300 350 400 450

Wavelength/nm
12 F B 2 9 2 BeRSIRhi2 IS & 5 YD 2Rk
IR’% )V 2 (975 nm, 6mJ), UV/¥ v A (355 nm, 0.3 mJ) (10
Hz) 3—18 451 g},
0.09

Abs./[0.4cm

BF/THs (M2) BEHEI0GUATYD DA%
ZOWIRARY bV (¥E—2367nm) THlELZ. i,
975nm (6 mJ), 355nm (1.8mJ) SV A %EZFNREFh
AR CTR UJeR TL00 MRS L7228, 45 Yb™ oK
B S N h o7z

M 121 3-18 5 IMEBDOEANRY M VERT. 64
BT T TICBAMEMIGE > Tnb. 41H Tl L
ti%u2&ﬁ®mﬁﬁ®%mMﬁ%ﬁ®ﬂwﬁﬁm
Rl EEZLNL. 1845 RICITIZIZMML, —
EEICET VT W5, %/LUV@t&@#%t%A%
e, RIBAF—L2MAEETNWEILEERLTVD

355 nm
Yb3+CI — Yb**Cl
2Fg5 Wa Yo" + Cl

(RIER F— L10)

Yb3+cr
2F7/0

FOSHeHE 2 B 12 3 2 HI9TYD™ A% %2 5 h 0
B CTME Lz, o EZMI3ITR LA Yb
Mg (OF1) 1YL D44 A~ 7 PV (FE#) b
7Ty FTEZ. SO, BUS AR AFE T
FREZ L 2 L 2WMEIORL TV A, AEBRTII YD
DEFROFBMEBEL 2 WEEZ SN (3451
) TofEREETay FLTWS. R ROV 2D
REDRER) R, ZNZN OBk ERENE, ISR
DVTIREHORETH 5.

5. % ¢ &
ﬂ#ﬁcowfw)amam EICB KD =00

248 %7-1£266 nm
Yb#*ClI
a Y2 +Cl

(RIEZAF—L1)

Yb®*cr

dM-1em-1

950 1000

1050

Wavelength/ nm

K13 4K L72 YD OWINANRZ P VOV — 2 oWl (O, 367 nm) % il (i),

F (—) 1Z YD D Fsp«Fppy WILA R Z bV T

Aweelh BV OBAR L. YD OB EE IR B ICEAE L, YOOI AN PV EIZT Yy FTETWS. Y O 975
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Abstract

We present the assignment of the C=C stretching modes, Vv, and v, of o~ and 6-(BEDT-TTF),l, and
o-(BEDT-TTF),NH,Hg(SCN), with the aid of BC- and deuterium-substituted compounds. To estimate
the site charge at around 0.5, we present an empirical relation between the frequency of v, mode and site
charge. The relationship was examined by applying it to o~ and 6-(BEDT-TTF),I, and o-(BEDT-
TTF),NH,Hg(SCN), in a metallic phase at ambient pressure. Based on the assignment and empirical
relation, we estimated the site-charge distribution of - and 6-(BEDT-TTF),I, under hydrostatic pressure.
On increasing pressure, the site-charge distribution of a-(BEDT-TTF),I, tends to approach uniform

distribution, while 6-(BEDT-TTF),I, keeps the uniform site-charge distribution up to 3.1GPa.

Introduction

More than 200 charge-transfer salts have been synthesized
combining BEDT-TTF and various counter anions. Among
the various known organic conductors, o-(BEDT-TTF), I,
(BEDT-TTF = bis(ethylenedithio) tetrathiafulvalene, abbre-
viated as ET hereafter) shows various electronic properties
such as charge ordering!®!, super-conductivity'¥, a zero-gap
state (ZGS)"*, photo-induced phase transition"”’, and non-
linear optical response!®. -(ET),I; exhibits a first-order
metal-insulator (MI) phase transition at T, = 135 K. Based
on theoretical ™12 BC-NMR"™¥ Raman", infrared"®!,
and x-ray!"” studies, the insulating phase is regarded as a
charge-ordered (CO) state. The crystal structure of o-(ET), [,
consists of alternating anion and donor layers.'9' The donor
layer has a herringbone arrangement of ET molecules. The
unit cell accommodates two holes (plus charges), they are
allocated to four ET molecules named A, A’, B, and C. The
hole number allocated to each site corresponds to the valence
of molecule or fractional site charge. In the metallic phase,
A and A’ are connected by inversion symmetry, and B and
C are located on the inversion center. In the CO phase, on
the other hand, the holes are redistributed so as to reduce the
intersite Coulomb energy, and they are split into two charge-

rich and two charge-poor sites, which breaks inversion

20124F1H31H 528
LT 7 = 0 —

symmetry."® It has been reported in ¢-(ET),], that the site-
charge distribution is non-uniform even in the metallic
phase,!">'*'7 although the average hole number per a site is
0.5 in the case of uniform distribution.

The non-uniform site charge has been interpreted from
the tight-binding""' and extended Hubbard models"®!. The
fractiorzal charge at jth site, Py is calculated by the equation
p; =;12 <km|n/,| km) f(€) where |km) is the Bloch function
of the mth band, n, is the number operator at the jth site, and
f(&) is the Fermi distribution function for a hole. The equation
(1) implies that the site charge reflects the overall band struc-
ture, which is described by a transfer integral r and Coulomb
energy U and V. Therefore, the site charge verifies the qual-
ity of the band calculation. However, the site charge, especially
under high pressure, has not been reliably examined experi-
mentally. Raman spectroscopy is a powerful method to
estimate the site charge, p, if we carefully analyze the charge-
sensitive mode (v, mode in ET). In addition the Raman
experiment under high pressure is easier than infrared exper-
iment.

The Ml transition of o-(ET),L, is suppressed by hydrostatic
pressure. It has been recognized that the transport properties
such as Hall coefficient and magnetoresistance above 1.5GPa
are interpreted by ZGS with a Dirac cone dispersion.”® The
crystal structure of 8-(ET),I, also consists of a herringbone
arrangement of ET molecules. The unit cell consists of two
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conducting layer of ET separated by I; layer. The arrangement
of ET in a single conducting layer resembles that of ¢o-(ET), L,
while the four ET molecules are practically equivalent to
each other."™ Application of hydrostatic pressure induces
metal-to-ZGS phase transition.?**) Raman spectroscopic
study of 6-(ET),1, as well as o-(ET), I, will give some insight
into the electronic state under high pressure. To interpret the
high-pressure Raman spectrum of o-(ET),l,, we conduct
reliable assignment for the C=C stretching vibration of
o-(ET), I, with the aid of “C- and deuterium-substituted
compounds. Isostructural o-(ET),NH,Hg(SCN), is also
examined, for the reason that the Raman bands of a-(ET),,
is very broadened and unresolved due to the fluctuation of
charge order." Based on the assignment, we estimate the
site hole number of - (ET),1,, o-(ET),NH,Hg-(SCN),, and
6-(ET),1, in a metallic phase. Finally, we present the pressure
dependent site hole numbers of o-(ET),I, and 6-(ET),L..

Experimental techniques

Single crystals of o-(ET),l, were grown by a standard
electrochemical method in a tetrahydrofuran solution of ET
(BC-substituted ET, and deuterium-substituted ET) and
tetrabuthylammonium triiodide ((#-Bu),N-L,). In 13C- substi-
tuted ET, the carbon atoms at the central C=C bridge were
substituted by "*C. In deuterium-substituted ET, all hydrogen
atoms in ethylene end groups were substituted by deuterium.
In the following discussion, the charge-transfer salt of *C
(deuterium)-substituted ET is denoted as o-("C-ET),X,
(0-(dg-ET),X,,). In the process of electrochemical crystal-
lization, the single crystals of 6-(ET),I; was harvested on a
rare occasion. The single crystal of o-(ET),-NH,Hg(SCN),
was obtained following the electrochemical crystallization
method described in ref. [22]. The crystal face and axes were
determined by x-ray diffraction using a Rigaku Mercury CCD
diffractometer.

Raman spectra were obtained using a Renishaw Rama-
scope System-1000 in backscattering geometry. Lasers for
excitation were focused on an area ca. 50 ym in diameter at
powers in the range 100-80uW. An analyzer was not used
for the scattered light. Details of the low-temperature exper-
iment including the high-pressure technique were described
elsewhere.'”! A polarized reflection spectrum was obtained
using a Nicolet Nexus 870 FT-IR spectrometer combined
with a microscope (Spectratech IR-Plan). For the low-tem-
perature experiment, a small goniometer head was attached
to the cold head of the cryostat (Oxford CF1104s), which was
fixed to an XYZ stage. The details of the experimental meth-

ods have been described previously.*!

Results and Discussion

Assignment of the C=C stretching modes of o-(ET) I, in
a chargeorder

Figure 1 shows infrared and Raman spectra of o-(ET), 1,
o-(dg-ET),L,, and o-("C-ET),1,, all in the CO state. In this
spectral region, ET has three C=C stretching modes: v;: the
in-phase ring C=C stretching is mixed with bridge C=C
stretching in an out-of-phase fashion, v;: the bridge C=C
stretching is mixed with in-phase ring C=C stretching in an
in-phase fashion, and v,.: the out-of-phase ring C=C stretch-
ing. The v,, mode is perturbed by site charges, the v, mode
is perturbed mainly by site charges, and the v, mode is mainly
perturbed by intersite transfer interactions.” Through inter-
action with the electronic state, these vibrational and vibronic
modes are split into four, as the unit cell contains four BEDT-
TTF molecules. The notations \(i‘;, and y/fR (j=2,27;i=1,2)
were respectively defined as the i-th v mode at charge-poor
and charge-rich sites, and v; (i=1-4) was defined as the i-th
v, mode.

We followed the assignments of ref. [15], except for the
Raman bands at 1476 cm™ and 1462 cm™, which had been

2
2R’

of v, and v, became closer to each other within each mode,

assigned to v; and v, respectively. Since the isotope shift

o-{BEDT-TTF)la

conductivity (Sem-1)

20K
E|lb 514 nm
[P I il

Ellc 514 nm
et o s e s it I

T T T T T T T T T T T 1
1000 1100 1200 1300 1400 1500 1600
Raman shift and wavenumber {em™)

Fig. 1a Optical conductivity polarized along the b and a directions
and Raman spectra of o-(ET),L,.
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Fig. 1b Optical conductivity polarized along the b and a directions
and Raman spectra of o-("C-ET),L,.

we interchanged the assignment as shown in Table 1. Since
vy, and V3, are close to v}, they are mixed with each other.
Therefore, the v;R and v;R cannot be used for estimating site
hole number of charge rich sites. The vibronic modes in the
conducting plane were assigned with the aid of isotope shift
and comparison with the Raman spectrum. The vibronic
modes V3,
unambiguously assigned as shown in Figs. 1a and 1b. The

Vi, and v; in the optical conductivity spectra were

very broad band, in which the peak was different between

the Ella and E||b spectra, was assigned to V3, since the fre-

quency of the vibronic mode depended upon the electronic
excitation spectrum. If the unit cell has inversion symmetry,
the Raman-active band cannot be observed in infrared spec-
trum and vice versa. As shown in Table 1, V3., v,', and v; are
found in both the Raman and infrared spectra, which violate
the mutual exclusion rule. This observation provides clear

evidence for the breaking of center of symmetry.

Assignment of the C=C stretching modes of metallic o-- and
6-(ET),l, and o-(ET),NH Hg(SCN),

Figure 2 shows the Raman spectra of metallic o-(ET),L,,
metallic o-(ET),NH,Hg(SCN),, and 6-(ET),1,. The former
two compounds are isostructural to each other. o-(ET),l, is
semi-metallic above 135 K, while o-(ET),NH,Hg(SCN), is
metallic down to a low temperature, and shows supercon-
ductivity at 1K.**" As well as o-(ET),L,, the unit cell of
o~(ET),NH,Hg(SCN), with space group PT involves four
ET molecules (see Fig. 1 of ref. [22] for the definition of A,
A’, B, and C). For the same reason described in the previous
subsection, three modes of v, and v, are Raman active, and
one of v, and v, is infrared active. In the case of a-(ET),L,,
two v, modes were observed, whereas three v, were observed
in *C-substitued compound as shown in Figs. 2a, 2a’, 2b, and
2b’. From the isotope shift, we can safely assign three bands
to v}, v3, and v} modes, and, v; is missing from Fig. 2a. In
the case of o-(ET),NH,Hg(SCN),, three v, and two v, modes
were observed and they were unambiguously assigned through
the isotope shift shown in Figs. 2c and 2¢’. However, another
Raman-active v, mode was missing from the Raman spectrum.

6-(ET),1, is metallic down to low temperature and under-
goes superconducting transition at 3.6K.?”" The crystal

belong to monoclinic system with space group of P2 /c, and

Table 1. Assignment of the infrared and Raman modes of a-(BEDT-TTF),I;

Raman (20K) infrared (50K)
o-("C-ET) L, o-("C-ET),L, o-("C-ET) L, o-("C-ET) L,
Ve 1536 1517 [19] (15187)
Ve (15087)
Vo 1483 1465 [18]
Vi 1476 1452 [24] 1477 1454 [23]
Vs 1462 1462 1431 [31]
% 1458
vi 1349 1315 [34] 1346 1315 [31]
i ~1300 (E||b) ~1300 (E||b)
~1230 (Ella) ~1230 (Ella)
1431 1431
R I
1402 1402

12 13

“ The numerical value in parenthesis shows the isotope shift, Av; = v;"—v}".
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(@) 514 nm (b, b+a) 150 K V3

{a’) 514 nm (b, b+a) 150 K

(b) 514 nm (c, c+a) 150 K

(b") 514 nm (c, c+a) 150 K

(d) 514 nm (¢, c+a) 20K
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Fig. 2 Raman spectra of o-(ET),l, and o-(ET), NH Hg(SCN),, and
the C-substitued compound, in which two carbon atoms of the
central C=C bond of BEDT-TTF were substituted by *C.
(a)and (b) o~ (ET), I, (a’) and (b") - (*C-ET),1,, (c) o~(ET),NH,
Hg(SCN),, (¢") a-(°C-ET),NH,Hg (SCN),, and (d) 6-(ET),1,.
the unit cell contains 4 ET molecules. However, the arrange-
ment of ET molecules is actually described by orthorhombic
system with space group Pnma with the unit cell of crystal-
lographically equivalent two ET molecules.”® Due to the
high symmetry of the unit cell, the Raman spectrum shown
in Fig. 2d is very simple. Two peaks are unambiguously

assigned to v, and v, as shown in Fig.3d. The frequencies of

Vv, and v, modes of these compounds were shown in Table 2.

Relation between frequency and site hole number

The relationship between frequency of the v, mode of ET
and the valence of ET, which corresponds to the site hole
number, p, was examined in ref. [25]. They assumed a linear
relationship in the range of 0<p<0.8."* The p dependence
of the frequency of v, mode is ascribed to p dependent force
constant F(p). That is, the linear relationship requires (dF/
dp) ,_o=(dF/dp),,_,."" However, the frequency of ET*™" is
significantly deviated from the linear relationship toward
low-frequency side, which means that|(dF/dp) ,_|>|(dF/dp)
p:1|. To estimate the site charge more reliably at around p=
0.5, we propose the following empirical equation, V,(p)=
1570 — 180p+57p* (p~0.5), where v,(0)=1570 cm™ for the
calculated frequency of flat neutral ET molecule, v,(0.5)=
1494 cm™, 1494 cm™, 1495 cm™ respectively for 5°-(ET),ICL,,
k-(ET),Cu,CN,, and x(ET),Cu[N(CN),]|ClI at room tem-
perature, and v,(1) = 1447 cm™ for (ET)CIO, and (ET)
AuBr,Cl, at room temperature.”" All of the compound with
p=0.5 shows blue shift by about 6¢cm™ from room tempera-
ture to 10K, due to the hardening of crystal lattice. The
temperature dependence is described by the following empir-
ical equation Vv, (0.5,7) = A/ cosh(T'/B) (0<T<300K). The
example for the v, mode of x-(ET),Cu[N(CN),], is displayed
in Fig.3.

If we assume V,(0) and v,(1) also show the same tem-
perature dependence, the quadratic expression can be
corrected as

v,(p) = 1576 / cosh(T' / 3500) — 180p + 57p° ()

for T <300K. However, the temperature dependence of
molecular vibration is not simple but depends upon the com-
pound. For example, the v, mode of 6-(ET),1, shifts less than
3cm™ at 10K. We therefore estimate the ambiguity of the
site hole number as 6/123=0.05.

Table 2. Assignment of the Raman modes of o~(ET),L;, a-(ET),NH,Hg(SCN),, and 6-(ET),,

12 13
N‘;‘{'sz(':CTﬁL NO}‘;SH(;('SECT;;)“ isotope shift | o-(C-ET),l; | o-("C-ET),I; | isotope shift 0-(ET),I,
Raman (10K) Raman (15K) Av =y Raman (150K) | Raman (150K) Av=vi-v"” Raman (20K)
va 1515 1503 13 1516 1496 ~20
% 1500 1490 10 — ~1484 — 1496
vi 1492 1479 14 1487 1470 17
Vi 1471 1423 48 1471 ~1415 56
Vi — — — — — — 1469
Vi ~1300 ~1250 ~50 — - —
Vi — — — — — —
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1504
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E
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Fig.3 Temperature dependence of the frequency of v, of
k-(ET),Cu[N(CN),],CL The solid line is the best fit equation,
w=A/cosh(T/B).

Site charges of metallic o~ and 6-(ET) I, o-(ET),NH Hg-
(SCN) , at ambient pressure

Using the equation (1), we estimated the site charge (hole
number) of the metallic state of ¢-(ET),1, from the frequency
of v, listed in Table 2. The site charges at 150 K are 0.60 and
0.37. According to the x-ray diffraction study, the site charge
follows the order, p,>p, =p,>P., in the metallic state.!”! If
we assume that 0.60 and 0.37 corresponds to the hole numbers
of the sites B and C, respectively, the hole number of site A
=A’ is estimated to be 0.52. This assumption is consistent
with the above order for the site hole number, and the assign-
ment that v22 is missing in &-(ET), 1, (See Fig. 2(a) and 2(a’)).
The non-uniform site charge is significantly smaller than the
CO amplitude of a-(ET),], in the CO state""®’. The origin of
the site-charge distribution in CO state is different from that
in metallic state. In the former state, the site-charge distribu-
tion is ruled by intersite Coulomb interaction, whereas in the
latter it is mainly by non-equivalent transfer integrals around
the site. The anion potential may contribute to make non-
uniform site charges. On this point, Katayama er al. showed
that anion potential gives a small influence on the site charge.™
Kobayashi er al. calculated the temperature dependence of
the site hole number within the mean-field approximation for
extended Hubbard model."® Ishibashi et al. made Muliken
charge analyses in their ab initio calculation of the band struc-
ture of o~(ET),L,.”" In Table 3, their results are compared

with our experimental result along with the estimation from
the molecular geometry determined by x-ray diffraction
experiment."”? The mean-field calculation overestimates the
site-charge difference between the site B and site C. In the
case of mean-filed approximation, the Coulomb energy
parameter, U, Vc, and Vp, enhances the difference in the hole
number."® Therefore, the Coulomb interaction seems to be
more screened in a metallic phase.

Using the equation (1), the site charge of metallic
o-(ET),NH,Hg(SCN), at 10 K are estimated to be 0.57, 0.50,
and 0.39, which are very similar to those of o-(ET),L,. As
the site charges of a-(ET),NH,Hg(SCN), has not been dis-
cussed, we calculated the site hole numbers using the
mean-field approximation taking the transfer integrals shown
in the figure caption of Fig. 4 and Coulomb interaction param-
eters!™, U=04, Ve=0.17, Vp=0.05eV. The site charge
distribution at 10 K was calculated as p, ., =0.51, p;=0.47,
p-=0.50, which underestimates the non-uniformity among
site charges. As we use the Coulomb interaction parameters
same as those for the mean-field calculation of o-(ET),L,,
this difference is attributed to the transfer integrals. As shown

e ]

Fig. 4 Transferintegrals of o-(ET),NH,Hg(SCN),” and o-(ET),1,"*).
The crystal axes in parentheses correspond to those of o-(ET), 1.
The parameters are pl =0.100 (-0.062), p2=0.097 (-0.025), p3
=-0.133 (0.123), p4=-0.132 (0.140), c1 =0.019 (-0.020), c2=
—0.068 (0.048), and c3=0.013 (-0.028) eV. The numerical values
in parentheses correspond to the transfer integrals of ¢-(ET),[;.

Table 3. Site hole density of metallic o-(ET),l,

Raman” x-ray[m mean-field theory“s] ab initio™
(150K) (150K) (150K) (298K) (8K)
A =Ny (0.52+0.03) 0.59+0.03 0.52 0.53 0.54
ng 0.60+0.03 0.67+0.02 0.71 0.55 0.57
ne 0.37+0.03 0.42+0.02 0.25 0.40 0.37

“This work, the error comes from the ambiguity of the empirical equation for estimating site charge.
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in Fig. 3, the B (C) site is surrounded by six sites, two A, two
A’ and two C (B), with transfer integrals, p1 (p2), p4(p3), and
c3. The A(A’) site is surrounded by two A’(A), two B, and
two C sites with transfer integrals, pl, p2, p3, p4, cl, and c2.
As shown in the figure caption of Fig. 3, the nearly uniform
site charge distribution calculated above comes from the very
close set of six transfer integrals around each site. In addition,
when the set of transfer integrals is close to each other, Cou-
lomb interaction parameter does enhance the inhomogeneity
within the mean-field approximation. Therefore, the nearly
uniform site charges calculated by mean-field approximation
is attributed to the transfer integral, pl=p2=p3=p4 in
o-(ET),NH Hg(SCN),. The estimation of the transfer inte-
grals, especially pl and p2, should be further examined so
as to reproduce more inhomeogeneous sit-charge distribution.

From the symmetry of the unit cell of 6-(ET),L,, every
site is approximately equivalent. Therefore, the site hole
number should be 0.5. Applying the empirical equation, the
hole number is calculated to be 0.51 at 298 K (1493 cm™) and
0.54 (1496 cm™) at 20K. The deviation from 0.5 at 20K comes
from the temperature dependence of the v, mode different
from x-type ET salts which are used to obtain the first term
of equation (1).

Site hole numbers of 6- and o-(ET),l, under hydrostatic
pressure

0-(ET),1, undergoes a first order phase transition at around
0.5GPa. The electrical resistance under 1 GPa behaves sim-
ilarly to that of &-(ET),1, at the same pressure. In addition,
the Hall coefficient shows the same temperature dependence
as that of o-(ET),L, at the same pressure. These two electri-
cal properties suggest a zero-gap state (ZGS) in 6-(ET),1, as
well as in o-(ET),1,. The behavior of the spin shift and spin-
lattice relaxation rate in *C NMR study is also consistent
with ZGS.® Figure 5 shows the pressure dependence of the
Raman spectrum of v, and v, measured at S0K. The Raman
spectrum shows a significant blue shift under hydrostatic
pressure. However, no distinct change was observed. This
result suggests that high symmetry of the unit cell of 6-(ET),,
is preserved at least approximately up to 3.1 GPa. If this com-
pound is in ZGS above 0.5GPa, there should be a contact
point at the Fermi level in band structure which is quite dif-
ferent from that of o-(ET),l,. The conservation of the
pseudo-symmetry provides a restriction when we speculate
the crystal and band structure under hydrostatic pressure.
The “C NMR study suggests a structural transformation to
otype structure at 0.5GPa.** We speculate that the structural
change is very small even if the unit cell symmetry is lowered.

50K Va3
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3.1 GPa

2.5 GPa

=
e MO
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0.6 GPa

0 GPa

r—rrrrrrrr 1 " 1t rrr 11
1350 1400 1450 1500 1550 1800
Raman shift (cm-1)

Fig. 5 Pressure dependence of the Raman spectrum of 6-(ET),I,
measured at S0K.

When the hydrostatic pressure is applied, the molecular
vibration shows a blue shift (@w+ Aw). As well as the lattice
mode, the frequency shift against pressure is described by
Aw/AP = wyk, where y and k are Gruneisen constant and
compressibility, respectively. Therefore, pressure dependent
frequency is given by the following equation,

(P)= o (1 + ykP) (2).

We analyzed the pressure dependence of v, at 20, 50, 100,
150, 200, 250, 300K under the pressure between 0 to 3.2GPa.
Since the hydrostatic pressure induces no structural change,
we estimated the parameter yx. We found that yx=3%10~
GPa™' is approximately temperature independent within the

error of 10% in this temperature range as shown in Fig. 6.
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Fig. 6 Pressure dependence of the v, mode of 6-(ET),l, at 20K, 50K,
100K, and 150K.
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Figure 7 shows the pressure dependence of the Raman
spectrum of o-(ET),L, at 150K, 100K, and 20K. At 150K, the
compound is metallic at ambient pressure. On increasing pres-
sure, the Raman spectrum does not show drastic change. At
100K and 20K, the compound is in a CO phase at ambient
pressure. In this case, remarkable spectral changes were found
between 0.1 GPa and 0.45GPa at 100K and between 1.2GP
and 1.5GPa at 20K. These spectral changes correspond to the
phase transition from CO phase to metallic phase. In the metal-
lic phase, v21 and sz modes do not show parallel shift, but they
tend to merge on increasing pressure. This trend is much more
remarkable in the CO phase as shown in Fig. 6¢. Hydrostatic
pressure not only hardens the lattice but also non-uniformly
modulate the transfer integrals, which change the site-charge
distribution. Assuming yk=3X%10"GPa™ for o-(ET),I,, we
estimated the lattice hardening effect on the frequency with
the use of equation (2). After eliminating the lattice hardening
effect, we estimated the site charge using equation (1). The
results are shown in the bottom panel of each figure. In a CO
phase, the amplitude of charge order decreases on increasing
pressure. This trend is probably associated with the increase
of transfer integrals under hydrostatic pressure. In a metallic
phase, the site charges approach uniform charge distribution
like 6-(ET),1, due to a non-uniform increase of transfer inte-
grals on increasing hydrostatic pressure. This result suggests
that the crystal structure of zero-gap state of o-(ET),l, is
slightly modulated so as to equalize the site B and C.

v3
514 nm (b, b+a) 150 K

140 GPa

1.10 GPa

0.65 GPa

! ! 0.45 GPa
; 0.05 GPa
T T T T T 1
1350 1400 1450 1500 1550 1600
Raman shift (cni')
10 1 L L L L L L F
] 150K
0.8 F
] B ¥
« 06" . LI ] L] L] [ ] n n a
S 04]l, o @ e e © se © L
] (% L
0.2 =
] metal [
0.01— . ‘ ‘ ‘ ‘ [
0.0 0.5 1.0 15 20 25 3.0
P {GPaj)

Fig. 7a Pressure dependence of the Raman spectra and hole numbers
of 6-(ET),l, analyzed at 150K
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Fig. 7b Pressure dependence of the Raman spectra and hole numbers
of 6-(ET),l, analyzed at 100K. Ambiguity of the hole numbers
at charge-rich site is very large, because v, is mixed with v, in
the CO state. The symbols, 4 and I, in parentheses show the
formal hole numbers calculated by equation (1).
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formal hole numbers calculated by equation (1).



56 Estimation of site charge distribution in organic conductors, - and 6-(BEDT-TTF).l5, under hydrostatic pressure

Conclusion

The Raman bands in the frequency range of C=C stretch-
ing modes were assigned with the aid of *C- and deuterium
substituted compounds. The empirical non-linear relationship
between V, and site charge was presented taking the tem-
perature dependence into account. Combining the reliable
assignment and empirical relation, we estimated the site
charges of -(ET),1,, o-(ET),NH, Hg(SCN) , and 6-(ET) L.
The non-uniform site-charge distribution of former two com-
pounds in a metallic state resembles each other, whereas the
last compound has a uniform site-charge distribution. Hydro-
static pressure seems to show no drastic structural change in
0-(ET),I, keeping uniform site-charge distribution, whereas
the site-charge distribution of &-(ET),I, in a CO state is
remarkably changed by hydrostatic pressure. The site charge
distribution of metallic o-(ET),1, tends to approach a uniform

site charge on increasing pressure.
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Development of FES Rehabilitation System for Motor Relearning of Paralyzed Patients

Takashi WATANABE™, Naoto MIURA™** Kazuki NITTA**

This study focused on realizing rehabilitation system using functional electrical stimulation (FES).
Wearable sensing technique of lower limb movements was studied and a prototype FES rehabilitation
system was developed. Wearable movement sensing using wireless inertial sensors was found to measure
lower limb joint angles and stride length during walking of able-bodied subjects with good accuracy. Then,
the developed prototype FES rehabilitation system was tested in FES control of ankle dorsiflexion during
gait of a hemiplegic subject. Measured angles showed differences in movements between paralyzed and
nonparalyzed sides, and between with and without FES control, which suggested the developed system
would be applicable to movement evaluation in FES rehabilitation.
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Biological Interference Mechanism of an Atmospheric Plasma Flow

Takehiko SATO*

Atmospheric cold plasma was generated between a water surface and a Pt pin electrode placed above
the surface. The flows formed in the air and in the water were investigated. It was observed that an air
flow of 15 m/s was induced from the electrode toward the water surface by the discharge. This air flow
induced a circulating flow in the water from the discharge point at the surface. The Schlieren method
and PIV method were used to measure the flow patterns.
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Fig.3 Schlieren images of the induced plasma flow in air.
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Fig.5 Contour of the flow velocity in the water.
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Fig. 6 Schlieren photograph of the flow pattern in the water without
the block (a) and with the block (b).
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Recognition-action-learning system for onsite behavior development
for daily assistance robot in human environment

Kei OKADA*

This paper describes our ongoing research towards realization of on-site action development system

through human-robot interaction. Our approach is to construct complete task-oriented recognition-

action system, that is capable of extending system features thorough human instruction. In this paper,

we describe the system to employ “clean up the table” task. The key technologies are multi-touch
interface for human-robot interaction and high-level task planning system that is able to perform even if

there are unknown object.
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3. (Robot) Draw a circle around handle
so that the user can decide which
direction the robot should pull.

1. (User) Sending two screen points of
handle from interface.

4. (User) Decide which direction to pull

2. (User) Sending a screen point from
from interface.

interface. (draw a starightline)

K4 51 EfEDIR EFERDH]

3. (Robot) Draw a vertical line from the
handle to the rotation axis.

1. (User) Sending two screen points of
rotation axis from interface.

4. (Robot) Draw a circle around the

2. (User) Sending a screen point of
rotation axis so that (User) can check

handle from interface. (draw a curved
line) the robot’s hand trajectory and decide

how much the robot should open.
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Portable Diagnostic Probe Based on Characteristics of Thermal Conductivity of Joint Cartilage

Naohiko SUGITA*, Tohru KIZAKTI**, Mamoru MITSUISHI**

Tissue engineering has been increasingly applied to treat joint diseases that affect
components such as the cartilage and ligaments. These components do not contain blood
vessels and nerves; therefore, the risk of rejection during tissue transplantation is less than
that for other organs. However, treatment of the cartilage and ligaments requires highly
skilled surgeons, and it is necessary to establish a quantitative evaluation method to serve
as a surgical aid. It is difficult to measure the mechanical properties of the cartilage because
of its viscoelasticity. Therefore, a sensing technology that enables a uniform qualitative
evaluation is desired. In this study, a diagnostic probe was developed, and the thermal
conductivity of cartilage was measured quantitatively over a short period of time. The
probe was designed, and the thermal conductivity and water content of various samples,
such as silicone rubber and bovine meniscus, were measured, and the accuracy of the

developed probe was evaluated.
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On the development of a composite probe for simultaneous measurement of instantaneous velocity
and temperature for measurements of heat transfer in an axisymmetric thermal jet

Kouji NAGATA®, Yasuhiko SAKAT™*

The composite probe for simultaneous measurement of instantaneous velocity and temperature in an

axisymmetric turbulent jet is designed and its measurement accuracy is evaluated. The probe consists of a

hot-wire and a cold-wire probes which measure the instantaneous velocity and temperature, respectively.

The cold-wire probe is placed upstream of the hot-wire probe, and the cold-wire and the hot-wire are
connected to a constant-current circuit and a constant-temperature anemometer, respectively. The influence
of the aspect ratio (i.e., the ratio of the diameter and the length) of the cold-wire and the streamwise gap
between the wires on the measurement accuracy is evaluated. The results show that thinner cold-wire and

larger aspect ratio makes a frequency response of temperature measurement by the cold-wire better in high-

and low-frequency range, respectively. Furthermore, the simultaneous measurement of the velocity and

temperature is realized when the streamwise gap between the two wires is 1.5 mm.
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Fig. 1 Schematic of the experimental apparatus
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Table 1 Experiment conditions of cold wire

No. Diameter Length Aspect ratio

d (m) [ (mm) 1/d
1 5 1.5 300
2 5 2.0 400
3 5 25 500
4 3 0.9 300
5 3 1.2 400
6 3 1.5 500
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Fig. 3 Power spectra of temperature fluctuations

oWt FRICERMEETE (100HZ DL 1) ol i i
ERPEONL. Thbh, BES MO TI—T D
TE R Sum O 7 0 — T HAT X e JE B
FCTHSBOEMRICH->THBY, FETORMELEH D /<
T — AR MVORETH HS53FME, XD EGEE
BETHZONTWLI bbb, LY, %
L7 ANRY PIEEKRELS T2 L THEDORWIRLE
FHUATEX L EAW SN L o7z

32 #HAT7O—JOEEREICE T 2HRFIERER
B 4(a) \Zx/d=7.5 TOWGERF L (Wb=2/b=0.0) 125
WTHAETO =7 CllE LEREEHD/NT — AR b
WAERT., FERITEE T O — 7T HMCHIE L7

AN B | T L B B

10 ]

1073
S

=

S0 .

—— Hot-wire probe only

IR Composite probe (a = 0.5 mm)
- Composite probe (a = 1.0 mm)
Composite probe (a = 1.5 mm)

10°®

Fregquency(Hz)
(a) atx/d=17.5, ylb=2/b=0.0

LTWwa., LY, anfEIlZBb S 3RS B 7
O—7HMTOMWERHRL IR LTWEH I Lhbh
5. oB, TOLEOHEEEEO msftiL, BT -
7 WA T120.68m/s, a=0.5mm, 1.0mm, 1.5mm T
ZFNZN0.64, 0.65 0.68m/sTdh->7z. X 4(b) Zx/d
= 7.5 T O EAEIRAE (v/b=1.0, 2p=0.0) IZHBWT
HETa— 7 TR L7 REERTO/NT —AXRT MV E
RY. KED, a%1.5mm&§ 52 & TlERRIER
T — THMOWERGRE LB LTWDEI by
5. 2B, TOLEOHEEEEO msHIZEMR T T —T
HART120.78m/s, a=1.5mm TiX0.79m/s TH - 7.
H5(a) ICx/d =75 TORGG (/b=2/b=0.0) 1B
WTHIE7a— 7 CllE L2 IELB O/ T — AT |

f Hot-wire probe only
107 ----- Composite probe (a = 0.5 mm
—— Composite probe (a = 1.0 mm
Composite probe (a = 1.5 mm
10" 107 10°
Frequency(Hz)
(b) atx/d=17.5,y/b=1.0, 2/b=0.0

Fig. 4 Power spectra of velocity fluctuations

Cold-wire probe only
10350 Composite probe (a = 0.5 mm
==--- Composite probe (a = 1.0 mm
d Composite probe (a = 1.5 mm
10' TR n r——

10" i (L 1
Frequency(Hz)
(a) atx/d=17.5,y/b=2/b=0.0

T T T T T L e e

11 _ ]

1034

3

%W-

[ Cold-wire probe only
1077+ Composite probe (a = 0.5 mm) %
—— Composite probe (a = 1.0 mm
[—— Composite probe (a = 1.5 mm
10" 107 10°
Frequency(Hz)
(b) atx/d=17.5, y/b=1.0, 2/b=0.0

107

Fig. 5 Power spectra of temperature fluctuations



78 Tfoel BRIECHE BRI C O Wk IE —— BRBEREERT 0 720 DA 7 0 — T HISE I T 2 678

VERT. ERIIEHR T O — 7T HMTRE LR %

LTwWa., ML, antEIC X 2 HE#EREO2ERITIE
WIS W EDbhrd, BB, ZOLEZOREEHD
rmsfifi (X, WA 7w — 7 HMTI130.71K, ¢=0.5mm,
1.0mm, 1.5Smm TV 070K TH o7z K 5(b)
(2 x/d=7.5 TOWGCEHEIEE (vb=1.0,20=0.0) 128
WTHAE T — 7 THE LZIRELE O/8T — AT |k
VaERT. KD, Zo%EdanMIcBfRz < e
RO T 0 — T HMOWPE R EITIT-H L TnwE T
ENDbNL. BB, Ok EORELEBO rms fili3 G
71— 7 HMTIZ0.77K, a=1.5mmTIi30.79KTH -
7z.

MR OWRA EX % B0 2 A%, Wb o Bk 85 &
W O R SE 21TV, 14 O N7 ELIHE AT = % 2 L
OVILEE O I sE R & Jie 3% 2 L Ic X D e R E o
FBWICOWTEM L7z, ZofEE, FEEH 71—
TOBMT O — T LEHMT O — T O ) E
1.5Smm & 3 % Z & TG o B 8 & B i o 7]
BRAE DS EBITE 5 2 L PR SN

4. % Bl
WECE V0 e ) 5o 5 W S 2 D [ W0 52 22 479 L2 26 37
b, BRI AH LR e L, RN
T 2MAER/E (7 v 7 AT V) OBERLBE LM
MEXOR, T4bb7 AT b HANREE DN EH T
BT HBR WA, ZORE, T AXY ISR
X7 M VOREEBIROWERS R EE S 2, M

FRHZANRZ DV O R BEBIROWERRIEEZ 52 5
ENDbrosz. INED, KEOREWIRENE 217 )
720I2id, MEZM LT AN MR RELSTLLE
BHbHIEVPRALN LR T, BohHR%E
2, BEAREFRFNEHO 70— 72 REL, HEiK
Hh oD W ] S B & Wi )i B2 D [ gl 2 2 A7\, B2 B OVl
JEOHMMER R E BT 52 L1128, WERMEDR
BPEZOWCEHli L7z, 2R, FElEH 7a—7
DOEMTO—T LT — T ORNTT ML 1.5
mm & § % 2 & THEHEH O Wik ] 38 52 & Wk ]l JBE D [ B 3
ENFEBTE D REEAVR SN

BB OAIRZETTL2IH72Y), FRBR (BHE
Kef), REEHFR (DR RSE) B L= K
(FRERY) oW efie. L THEEZRTS.

SE X

(1) Zaman, K.B.M.Q., J. Fluid Mech., Vol.383 (1999), pp.
197-228.

(2) Zaman, K.B.M.Q., Reeder, M.F. and Samimy, M., Phys.
Fluids, Vol.6, No.2 (1994), pp.778-793.

(3) Mi, J. and Nathan, G.J., Int. J. Heat and Mass Trans.,
Vol.42 (1999), pp.3919-3926.

(4) Suzuki, H., Kasagi, N. and Suzuki, Y., Experiments in
Fluids, Vol.36 (2004), pp.498-509.

(5) Nagata, K., Sakai, Y., Shirosawa, M. and Kubo, T., J.
Fluid Science and Technology, Vol.3, No.2 (2008), pp.
292-302.



FCTE BRI R 4 B S 7V ) X A DR & T

79

FeEMREICX S 2RAN Y ILT Y X LDKET & #F i

Practical algorithms for cutting and packing problems

Shinji IMAHORI*

In this research, practical algorithms for cutting and packing problems are studied. Most of cutting

and packing problems are known to be NP-hard, and heuristic algorithms have been proposed in these
decades. For the rectangle packing problem, the best-fit algorithm was proposed in 2004 and is a
representative heuristic algorithm nowadays. We proposed an efficient implementation of the best-fit
algorithm and analyzed its theoretical approximation ratio. We also proposed an efficient algorithm that

enumerates all the bottom-left stable positions for a layout with overlap. In this report, we

introduce the best-fit heuristic for the three-dimensional packing problem and give an efficient
implementation. We also study the best-fit heuristic for the rectilinear block packing problem.
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Anomalous Phase Transformation Behavior Induced
— by Shot-Peening Method for Stainless Steel

Hisashi SATO*, Ai NAMBA™, Takayuki NISHIURA™** and Yoshimi WATANABE****

Phase transformation behavior induced by shot-peening for austenitic stainless-steel has been
investigated. The stainless-steel used in this study contains a lot of stress-induced martensite phase (o)
formed by cold rolling. When the stainless-steels with large amount of ¢/’ are shot-peened under room
temperature, volume fraction of austenite phase () around shot-peened surface is a little bit increased.
This means reverse transformation is occurred by the shot-peening. In addition, the reverse
transformation is enhanced by the shot-peening under higher temperature. As well as the temperature of
shot-peening, volume fraction of y is increased with increasing the pressure of shot blast. It is
considered that this reverse transformation is caused by the huge shear strain due to shot-peening and
the frictional heat between the blast particles and the peened-surface of specimen. From the obtained
results, it can be concluded that the phase transformation behavior on the surface of specimen can be

controlled by the blast pressure and the temperature during shot-peening.
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Conformal-projective structures on statistical manifolds
and geometry of generalized exponential families

Hiroshi MATSUZOE™

Generalized conformal structures on statistical manifolds were introduced in the 1990s, and they

have been developing in affine differential geometry. On the other hand, generalized exponential

families were also introduced in the 1990s, and it is known that these modified exponential families are

useful in the study of complex systems. In this paper, geometric structures of g-exponential families are
studied from the viewpoint of conformal differential geometry.
For a g-exponential family, two different types of statistical manifold structures are defined naturally;

the one is invariant and the other is flat. In this paper, it is showed that these two statistical manifolds are

1-conformally equivalent.
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Study on Accurate Information Recommendation by Considering
the Temporal Evolution of User Preferences

Satoshi Oyama*

Predicting links across time is a fundamental problem in recommendation under the
temporal evolution of user preferences. In dynamic environments, the features of data change
over time, making it difficult to identify cross-temporal links by directly comparing observed
data. We adopt a dimension reduction approach to cross-temporal link prediction; that is, data
objects in different time frames are mapped into a common low dimensional latent feature
space, and the links are identified on the basis of the distance between the data objects. The
proposed method uses different low-dimensional feature projections in different time frames,
enabling it to adapt to changes in the latent features over time. Using multi-task learning, it
jointly learns a set of feature projection matrices from the training data, given the assumption
of temporal smoothness of the projections. The optimal solutions are obtained by solving a
single generalized eigenvalue problem. Experiments using a real-world data set showed that
our Cross-temporal Locality Preserving Projections (CT-LPP) method outperformed the
baseline method.
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Electric response of chiral liquid-crystal elastomer as a soft actuator

Yang Ho Na*

The mechanical response to electrical stimulation was investigated in a chiral smectic
elastomer. The displacement in an elastomer film was precisely measured by tracking
fluorescent beads dispersed on the film with accuracy of 20 nm. From the displacements of the
beads, all the components of the two-dimensional strain tensor were calculated. Shear
deformation in the film was clearly observed when an electric field was applied perpendicular
to the film surface. This shear deformation depended on the polarity of the applied electric
field. The temperature dependence of the strain tensor was also investigated, and it was also
concluded that the contribution of the phase mode, that is, the coupling of the azimuthal
rotation to the applied electric field, primarily caused the electrically induced deformation
whose magnitude increased with decreasing temperature. It indicates that the origin of the
electric-field-induced shear strain in the chiral smectic C phase was mainly attributed to the
Goldstone mode.
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Development of Heat Conduction Design Tools for Crystal Materials based on First Principles

Shiomi Junichiro*

We have developed tools to accurately and microscopically characterize the heat conduction in crystal
materials. The thermal conductivity calculations of pure crystal based on first principles has been extended
for more complex and heavier systems such as half Heusler compounds and lead telluride, and the obtained
thermal conductivities agree with the experimentally measured values in a wide temperature range.
Anharmonic lattice dynamics calculations reveal transport properties of each phonon mode, which may be
useful for material design to engineer phonons. In addition, molecular dynamics methods have been
developed to characterize phonon transport properties in alloyed crystals.
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Application of calculations with elementary reactions to a real time engine control algorithm

Yamasaki Yudai*

Internal combustion engines are required to use various fuels. A conventional MAP based engine control
system is not suitable for achieving stable operation and high thermal efficient operation for various fuels.
Author has been developing the engine control algorithm to realize fuel flexibility by employing experimental
rules and a closed loop control using in-cylinder gas pressure. In this study, in order to improve fuel flexibility
of the engine control algorithm and to confirm the experimental rules, availability of calculation results with
elementary reactions for the algorithm is investigated. Instant crank shaft torque is also investigated for its
availability for a feedback sensor. The result shows that the modified engine control system can keep stable
operation when fuel lower heating value varies during engine operation.
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Growth and Properties of Nanowire Current channels Made of Columnar Quantum Dots for
Single-Photon detection

Ohmori Masato*, Pavel Vitushinskiy**, Hiroyuki Sakaki**

We have characterized structural, optical and transport properties of InAs/AlGaAs columnar quantum dots
(CQDs) formed by depositing a short-period AlGaAs/GaAs/InAs superlattice (SL) on a 1.8 Monolayer (ML)
of InAs seed QDs layer. Photoluminescence measurements reveal that the SL region surrounding the CQDs
acts as a potential barrier at the interface between the GaAs layer while the CQDs acts as a potential well.
Using an n-i-n structure containing a layer of CQDs in the intrinsic region and a layer of n'-GaAs in the
n-type region, we demonstrated that the CQDs form a conductive channel by blocking the current through the
SL region. This result indicates that the CQDs can function as a kind of nanowire and provide potential
applications for electronic devices such as a single-photon detector.
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Dynamics of photogenerated charge carriers in visible light driven photocatalysts studied by
time-resolved IR absorption spectroscopy

Akira Yamakata ™

Dynamics of photogenerated charge carriers in visible-light-driven photocatalysts has been studied by
time-resolved IR absorption spectroscopy. We synthesized visible-light-driven photocatalysts by doping Ni
and Ta in SrTiO;. We found that the lifetime of photogenerated electrons in Ni-doped SrTiOs; is longer than
that in non-doped SrTiOs. Co-doping of Ni with Ta further elongated the lifetime of photogenerated electrons.
An energy dependence of the pump-pulse energy are observed in the lifetime of photogenerated electron,
where the lifetime of visible-light excited electrons was longer than that excited by uv-light. These results
suggest that visible-light could be more efficiently used than uv-light.
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Analysis of transport mechanisms of viscous liquid electrolytes by means of relaxation
measurement

Yamaguchi Tsuyoshi*

Frequency-dependent shear viscosity and electric conductivity of lithium ion electrolytes and ionic liquids
were measured with shear impedance spectroscopy (5 - 205 MHz) and dielectric spectroscopy (300 kHz - 20
GHz), respectively. The spectra were analyzed by means of frequency-shift analysis, and they were
compared based on the frequency-dependent extension of the Walden law. In the case of propylene
carbonate solution of lithium perchlorate, the increase in shear viscosity with salt concentration was ascribed
to the relaxation time, and a relaxation of conductivity was slower than that of shear viscosity.
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Investigation on Scattering Mechanism from Graphite Surface by Molecular Beam

Hiroki Yamaguchi*

The gas-surface interaction on a graphite surface has been investigated. The apparatus for the molecular
beam scattering experiment was reassembled with some modification in the measurement system. The time of
flight distributions of the direct beam of helium, nitrogen, and argon were measured, showing the reasonable
speed of the gas molecules. However, the temperature of the beam should be improved for the scattering
experiment. The scattering processes of noble gas molecules were simulated by the classical Molecular
Dynamics (MD) simulation. The scattering angular flux distributions showed similar tendency except helium.
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Formation of metal nanodots in (4x4) vanadium oxide nanomesh on Pd(111)

Yuhara Junji*

The fabrication of surface nanotemplates that are artificially or naturally patterned has been recently
studied for the purpose of preferential adsorption of molecules, atoms, and nano-clusters. Using the
nanotemplates, nanodots can be fabricated periodically at the nanoscale in a self-assembly process. A
vanadium surface oxide on Pd(111) has been found to form a (4 X4) nanomesh structure. In the present study,
the size and structure of the Group 14 elements nanodots on the vanadium oxide nanomesh have been
investigated by STM, LEED, and DFT calculations.
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RPBE SN, Z0ld, v ayfg+Riox 7Y
VTR RIZEZEF ORI A X o Tk S v, BRSNS
hELBESN T D ATRERE W E b s,
Fhw=u AR, BT Ay 2RO hep YA
MZF/ Ry MNEJBRT D Z &L, 2720, —&
DTN~ =T AR, v ar Rk Ay va b
WGBS HZ D SIMBIZEIZL VLT D, STHE
V3ial—val i —HLTBY, FArv=U AR
FHMTT ) A=V RICHFELTWD Z &b oiz,
ARRAE, T/ Ay v a I agfFEo fee A MTT/
Ry P& LIz, 723, —EORZXFFIE, U a3,
TN~ =g L EERRICT ) Ay v a BIZ7 T AR —EIER
Lize $AIETIE. B —JBEEHR CIER oD hep A b 23
LI & DR AT, S BITT /) A— A2 EMTE—
Rams L LTllsnz, fRFiIe A~ AR LRk
12, TR ARNEEIE Ebo T Elbs, BER
REBENTH, $RTET ) Ry PEPRLARN-To2 8 Fig.2 STM image (left), structure optimized model (middle),
bEET oL, BOTRIELET/ Fy PRV H7 TAF— 4 simulated image (right) of the nanodots in vanadium oxide
ERL LT WERNCH D 2 L3 b o7, nanomesh on Pd(111) : (a) Si, (b) Ge, (c) Sn, and (d) Pb.
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VU aVRFIET ARV DR TIERL, T/ Ay aZDbDIIRE LTc, 207, 7/ Ry hOY A ARLKESID
HEEREE S B2, BANTIE. T/ Ay v aZ2FHLTH/ Ky M2 HOERSELMRITIFEAERENTE LT,
Lth. L OWEEN T/ Ky bk« F 7 Ay o ORI filA, AR TIENERT 2 Z L 2R Lz,
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Study on the mechanism of photo-receptor proteins for negative phototaxis of bacteria

Keiichi Inoue*

Microbial rhodopsins are the photo-receptor proteins found in the various species of microorganism such
as archaea, eubacteria and a part of eukaryotes, and they have seven transmembrane helices encompassing
chromophore retinal. A wide variety of functions of microbial rhodopsins are known: outward proton and
inward chloride pumps generating the chemical potential for ATP-synthesis, light-gated cation channel, the
photo-sensors for positive- and negative-phototaxis, photochromatic control of photosynthetic gene
expression and so on. In the current study, the molecular mechanism of sensory rhodopsin I, a dual
photo-sensor for the positive phototaxis toward green-orange light and the negative phototaxis avoiding
harmful near-UV light, was studied by time-resolved spectroscopy.

1. Sensory Rhodopsin I [CDLT
I CRIEMEE , EAAEMIC DT D E TR AR RT v (0 @ S8R
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L CLA EDAERBFFEDFKERAZ DN TIXWVER The Journal of Physical Chemistry B #6253 L, (&K 1)
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3. Haloarcula vallismortis Sensory Rhodopsin I
A RIOMZETE 2 1L SrISRINZEB W T, oA Z VI TR INETHLN TN b O L IERE S MR 5EE) %2R~ T
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15 FARERFC BT DEEELICERH D Z LA RE LTV D,

4. SEDORE

AFFRTIEZNE THZEY V37 BOMFFRICIE L AV ST E ZBIERINEICIZ T, #71S TG % A 7= HEE 5y
RO I EAT S5 2 & T, RSN HEUR O RECHFERZE « I 2 £F 5 fE 2 b ok, IOSHRRO = & 1 e —2%8
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WP LRI R N— 2 & LT SRR 0 7L o OEEERILA B = X LD & Z IS FES W T8 RFgRIC
EAHBEEL TN,
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Creation of electron deficient 7 space for molecule flask based on fluorine chemistry

Shibata Norio*

Subphthalocyanines, which can be regarded as phthalocyanine analogues, are nonplanar cone-shaped
aromatic macrocycles composed of three diimino-isoindoline units. Its pi space is originally electron-rich;
however, an introduction of fluoro-containing groups which act as strong electron withdrawing groups can
decrease the electron density. The pi space of subphthalocyanine with electronic deficiency can capture
electron-rich aromatic compounds and it behaves as a molecule flask material. Herein, we report synthesis
of the fluoro-containing subphthalocyanines and its characteristic as a molecule flask.
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Fundamental Research on prediction system on eye movements by the EEG signals
to develop inattentive-driving alert system

Arao Funase*

Recently, many researchers have been studying brain computer interfaces (BCls) by EEG signals. In
previous studies, many researchers do not focus on EEG signals but also focus on a classifier. In other words,
BCIs classify EEG signals not related to target one. We focus on features of EEG signals to use on a BCI
system. Especially, we have been studying relationship between brain functions and EEG signals in the case
of saccadic eye movements. In this paper, we recorded saccade-related EEG signals in the case of
free-movements and cued-movements and analyze EEG signals related to free-will of saccadic eye
movements.

1. B

AR, AR BALER DI I & R O RRE N O L BRUIME B Th DM & AW e A v 2 7 = — A DWFE - BRFE KA
AT TW5b. M2 A=A # 7 =— A%, Brain Computer Interface(BCI), Brain Machine Interface (BMI) &
MEZAL DD BIRAET HEMREZERH LA v F 72— 2AD—FEThH .

— W T I A B T 2 — ADIFITB WL, AEEICE R A BN L o TR Y, AL TV A MR
DELEEBAENILTND. KR, AJMEF L LT DM OMEE O ORI A 53389 5 O Tk <, BlsE om0
PERBIZHEH » T Z 0T 2 b OB KR¥ETH S.

T2 THA, A 8T 2= AERMES DD T o T, AT O OME 2 5T 2 L ICEHAZEW T
WEAT->TETWD. AJME T & T DM I TIRERGER) [ Z B L 72 I ChH V0, Z Oidl ) b IREKGER 2 |+ 2 > A7 A
O A BIEL TV D,

X5 L9 % ki 2 ARERE BN 2 Bl L 72 b & 972 o013, HRERIEB)IE 2 1L F TOMRRER ISRV TE < OFMBNFE L
ZOMBERH UM OWEABET LI ENARRTHDLEBEZ O THD.

WA B L CO D IREKEB) A2 THIT 5 v A7 A%, LFEASH & U Tl RaEE I 27 MSHT 5 2 & & g
ZTCN5.
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Fa T2 E T, IREGEB T > AT ADOMEEED 7= 012, IREREENZ BIE U 72 il 2 I kI K-> T B2 L[,
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INFENERE 2 O T RS 5R, IREKIEBNE TS IR A8 2 A DM 2832 Z E N TE 7. ZoMklE, #I3ECEl
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AU, EBNCIEE ko BEEIC L T 5 IS (Free-movement) & EBIIIAD & A I > 7 2 RIMIC & - THORT 5
Z L2 & 5 THT 5 ) (Cued-movement) ASTE(ET B 72T V), IRBKHEBN A THIT 5 > A7 A& T 51213 2 0 2 i
DIREGES) & i 12 & T B MR DB THD.

3. ERFEERUVER

ARFEBRIZIBWTUE, R SN )T U CHRERER) 217 9 F28R (Cued-movements) & B IZHER 4T D B
Wit L CAmZRZ A I 2 7 CIREKESE) 217 5 EBR (Free-movement) %4757z,

RFEBRFRE T O 2 HE LR A2 1, 210K, 1 1% Cued—movement FEERHAF, 2 1% Free—movement ZZERHG D
B ch s, JELEMMEILP 4 EMINAMETHD. ZOEMIE, AHRIAEICAE T 5. ANREERRIZILICIRER
B OB MR % on—set & L TINFENEE 2T 12BBOT — 2 Th 5. #iho 0[ms]ILAREKER O BRIAIZIZ R L TH Y
FER I EAL 2 [uV] 2B L LTRL TV .

Cued-movement FEERRFOMMEICHEH T2 & K& 3OO NBIFET D N5, 1. IREGESBRAARZ X 0
2000 [ms] A% 1000 [ms] BT ANT T LAy, 2. AREKIEBIBIAART 1000 (ms] 225 300 [ms] 22T TO RSy, 3.
IREREENFT 300 [ms] AlTA> & IREKEEBIAAIGA £ TCORZ R NEFF -T2 E—2 O 32O, Th 5. R AR RIEZ 5
MRERIEE) £ TOPEERFIL 340(ms] TH D Z & LV, 32D DR IR & A UIRERER)Z O b DI BE 9~ 2 Akl
o Th b ETHEND.

Free-movement FEERFFOMILICHEH T2 L RESHFT DL 2l TEL EEZ OGNS, 1. IREKETH]
2000[ms]2>% 400[ms] £ TO LAy, 2. ARERIESHAT 400 (ms] 2> & ARERIES) £ T D 2 WA FE ORI HATRETH 5.

Cued-movement HFDFEER & Free—movement BFDEER A L#Ed 5. 45 112, Free—movement FEEEIF|Z 1L Cued-movement
EBROF 2 DFIELIRNE WV ZEMHALNTHSD. DFED, Cued-movement FEERIFDH 2 F 431 Cue OF N2 BHE
THMIE THHAREMEN S D, #5212, Cued—movement BEIZILE 3 AL 1 &M DRSS Td - 7225, Free—movement HFIZ
(I35 2 B8 2IEMED R TH 2 LWV DBV DPMFET 5. BIRRIZE W T Z OEWB 2R L TW D a5 2 &3
L., ZOBEWERALNIT L LIS BOBBLERD.

4. ¥
RBFFEIZFBUNTIE, Free—movement HFDARERIER (2 BH 9~ 25 Mz & Cued—movement FFoD AR EREEN 2 BEH 9~ 2 Mz 2D
THZEAT 72, ZOREE, ARERESHD 1000 (ms] A7 5 400300 ms] ATORAITBN TR EREZ LD Z ENTE T,
Lt%1%, AREKEBIATO 400—300 [ms] 12> H IREKEB) £ COMIE OMEE ZHSNCT L2 L LITHMERHDH. ZDZ
ERHOENIR S TR T, WIEFLIIZ K> TENENDE D Z 0BET 5 2 ERFRETH 5 0 OfFt &, Z DR
1 2 fi FH L C Free-movement If & Cued-movement BEDHREREEN 2 |5 0 AT A LHETHMNERH 5.

-
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1. Cued-movement B (5 : P4) 2. Free-movement B D (M : P4)
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Evaluation of bone-contactability and development of Zr system metallic biomaterials

Akahori Toshikazu>¥<

Zr-5mass%Nb, Zr-10mass%Nb, and Zr-20mass%Nb alloys subjected to solution treatment (ST)
are consisted of o’, ®, and 3 phases while Zr-30mass%Nb alloy subjected to ST has single 3 phase.
Young’s modulus of Zr-20mass%Nb alloy is the lowest value of 63 GPa in the others. Bone-bonding
characteristics of Zr-Nb alloys are improved with increasing Nb content. Therefore, it is
considered that Zr-Nb alloys have relatively high biocompatibility and belong to non-toxic metallic
biomaterial.

1. FLBHIZ

BEEC.EMENTVILBRAA ATV T ADIZE A EDPREER & L THEHTSH STV A Z AR & LT
A LEBENE 0, THE, EM B2 () BB L THRMICHEA L2 BE TRV T, MY ik LARSIC X
DRk KO LA F =T U T E DY v T ROMEIC L 5 BWILS 5 VI E O EORBEARRESN D, &
EOSHE TIL, BREFEZRERL SND, 20X, A, A~T U T ITIEE S REME T X OE MBI A IR < Bk
Ehs, 22T, KBTI, Ti &ASOAERRMMELZRT LT, Yo 7808 Ti LV & 5108 GPa BEK Zr 1I0F
BL., B@&RiTE1T5 2 & T, NFIRMEONT 2B, SARBIEE 6T 2R eREN—ANL =T T
v (GEEARKED ORIMAEBRE LTS,

2. Ir-Nb REE£D =/ O

VEMRACALEE & it U 72 Zr-5~30mass%Nb &4 (LLF, Nb &4 il CTHEFR @ ex. Zr-5Smass%Nb=5Nb) D2 T I 7 n#lf#k T
3 NTELERIC L S fEAS AR B S, Bk O RRL (FiiF) 22 L Cuvz, SNb B LUV I0ND Tik, it
DOWERIZEZE ORI BIEE Sz, X 7 afREIZE L OV XRD T OFE R0, Z5flkE I . £ ONFO SRR
@S BIZ o FDFEIRIR S Tz, £72, 20Nb (2B W T

b B ANICERR oo H SIS IIC B Shis, — 120 480
30Nb Ti, %l pHEMEZ 2 LT, B Young’s modulus
O Vickers hardness
=100 {400 o
3. Ir-\b RESOBMAMILE c =)
1S, By — A SRS LOHmLRECE0E R 80 1320 &
ESNT ZeS~30Nb BAICHT 5 Uy A—ABS B B 8
YT EERT, g 60 1240 2
Nb &7 RS 10mass?% % CORMMATIE, Maf&ossm 2 E
TR, ERRIIZBT Dy - AmEs Lo B ) 1160 2
THRIT RTINS 5, LovL, Nb & &5 10mass%)» 2 ol |
5 20mass% D #HiIH Tid, FEA &I EMT LI, Zr-Nb
RABOWE B LUV LV RIWDT 5, EHICNbEH o 0
73 20mass%ll ETH D Zr-Nb BRE4 TiE, [FEA RN H 5 10 20 30
M2 DITHEN B E B LY v 7RI BRI 5, Nb content (mass%)

Nb A BEOEICHE S KM O S B L Ov o 7RI,

. 1. Zr-XNb (X:5-30mass%) DY 73 Ll X D%k
Ti- (Nb, V) RE4E DA & —3 9% ), Nb & A £ 30mass% -

201244 H2H =H
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M5 40mass% DEIPH CTlL, FEAESHEINT D :ﬁéb\ Ti-Nb RAEOW I B LNV U ZRITBWADT5, Zhid, TSk
LBHIZEITEETHSH Nb OGHESIML7-Z LIk 0, BHOLEENEL 20, BEANKHIFHE T 2 ofd 23 L
o BEO~AT A NET bﬁ;ﬁﬁé{m}*m@«ﬁz@éw IXEDOWEMTICE L Lz Z LICERET %, & 512 Nb &8 &R
40mass%lh ETH 2 Ti-Nb ZE&TiE, FEFEBMEMT DI, BXBLOVY U 7R IBESONZERATH9, Zh
%, Nb @ Ti 3 2 Bl T 5, Mb, Zrid TN & RO MESEZ AT 5720, Zr-Nb ZAEICHENTH,
EIRL72Ti- (Nb, V) &L FERROHRZRTEEX NS,

4. Ir-Nb REEOEBMEY

212, itk 24 3 XV 48 W% O B AR H AFK RO KRRREIMUFEE L2 31T 5 SNb 38 LUV 20Nb @ CMR 4% 777,

SNb Tidk, 1% 24 JI3E Ak & 30 & O B R BERTEIRDMENTH D2 DO 0D, L L, itk 48 i/ D & I
% 24 WO & LEA~FBE & Bk & OB IER 1L 72D T BB, 20Nb Tik, A% 24 B LU 48 HOW
FTHOBIZEB N T, B & OBAGEIRICK X 2B RGO DT BHBRSREIO2EZ I BN CRBY | H#ENR
BRI e b 2 < . F R < BrieiicBlE s,

— RO AR FME L, AR ST RURHS K DRI o B, FIMOREIZ LY | ARSI &R Z Sh b KGO
EIZ K o T, AERTFRME, AREEED X OVERIEIED 3 BFICFHT S L5, ERFTFAMEICET 2 b Ok, St
N2 T2 JFEHE L 73RO A AL A RPN 5> & R 2 BB T 2 72 OBHEMEBR IR AN IZ A S AL, B & o3 Uleuy,
AREEENMEICR T 2 S O MRS 7o BUBHT R 2 B ik O B HER 72 B 03 A2 U 5 AR TENEICIR T2 & D1
B & ORNCHER O L% E D M 22/ EAER 2 £ 9 20 C, et e Bk oS bE T D, ZOEMEIHRED &
5Nb 35 L O 20Nb 1T Bk & BN BIE I N, AEEEETHD LTSNS, £, SEIOBHEIEROREE,
SNb 1%, 24 BL P4 BEOWTHOBITE T H a0k LBk & OB B8 0 Hiv, AR BAF & T
5, EHIZ, NbEHEDZ20Nb (T, WIHNOBEIZE N THREEHRE s ol R b2 N2 LR L, £
IRBIFIPEIL SND 1T~ BT LT & D, REBRTIX, 20Nb 33 XUV SNb ONEIZE /A & OBAN BT TH D &l T
L LMD, ZeNb R A4 T, Nb EHEOBIMIEN, ARBFEIIEL 25 PRI, REOHIENCEY, &
DOEfEEZHIE T D LB 2L,

Dbz et Yo 78R bR, R BIFRIRE « IEENT R 2RT L L BT, BT T HEaERE W
20Nb 728, AEHAEMEE L THEY THD Z EIRBEIND,

(a) 5Nb at 24 weeks (b) 20Nb at 24 weeks (c) 5ND at 48 weeks (d) 20NDb at 48 weeks

Cancellous

bone

500 um 500 pm 500 pm 500 pm

2. AT TN, 24 BI V48 TRIZE T D SNb 35 LT 20Nb D CMR 4

5. £&®
5Nb, 10Nb 35 LT 20Nb OFERAHIZ, WIFN b o, o FHB LV BFHTH Y, 30Nb DZFIITITIE HHEEX DD,
Zr-Nb ZAEDM S B LY > 71, Nb &H D 10mass% £ TOHPATIX, [FEA BT SISV, —HEICHm
9%, L2L. Nb&HED 10mass%> 5 20mass% D& Tl [RIEAHEREINT I, Z-Nb BRSO I B IO
YR T S, S HICNb EH D 20mass%lh EH TS Zr-Nb R A T, FEFESHEMNT 1040, B &
O v ZRITERHPIC EFT 25, N SHEOHEIICHEN, Ze-Nb R A& OMaiatis T OvEEatLm L35,
TOZEMNE, RFFETHWZ Ze-Nb RGBT AEREEMEME L HE T &, SBOERNIGHNEIFRIND,
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Molecular Analysis for the Secretory Mechanism of cyanobacterial Alkaline Phosphatase, PhoD,
by the Tat pathway

Hakuto Kageyama*

Alkaline phosphatases (APases) are important enzymes for phosphorus assimilation. At
present, at least three bacterial APase families, PhoA, PhoX, and PhoD, are known. In this
study, we investigated the PhoD protein in halotolerant cyanobacterium Aphanothece
halophytica at molecular level. The PhoD protein of Bacillus subtilis is known as a secretory
APase which is thought to take part in phosphorus assimilation by release free phosphate from
extracellular organic compounds. We cloned the phoD gene from A. halophytica, and found
that the PhoD protein contains consensus motifs which could be recognized by one of the
secretion mechanism called Tat pathway as the case in B. subtilis. We expressed this PhoD
protein in cyanobacterium Synechococcus elongatus PCC7942, and confirmed its secretion
ability. This is the first report of secretory APase in cyanobacteria. Moreover, RT-PCR analysis
revealed the upregulation of the phoD gene expression in A. halophytica cells by salinity stress.
Our results suggest that A. halophytica cells possess the secretory PhoD protein that
participates in the assimilation of P under salinity stress.

1. B

AT, FRGIEEE) VIROIEL L TOR ) a5 H#E L L THIHTTRE TH 5728, MEREREEIT OV 32 D% < M
RAEBLAEME LTHFEL TS, ZOZ Enb, U iR EOETOEMIT L > THHEADEBELETH 53, bt - i
PE K72 PR A DO TARBRICE > THIRERICZR DGANE N, 20D WEMIT AN 74 A7 7 4 —E%
FIA L CTHIIESA O U S/ EW S I Y el s 5 (K1),

|0| H20
’o—T—o‘ \
OH
~
R/O \ R

Pi
B 1. TAHY 74 A7 74— LB MY it (P BEHERE

WA DT VI3 ) 7 4 A7 7 Z—EIE, PhoA, PhoD, PhoX [Z/3INTEY ., ZTIETIT Phoh T2 TEEAYZ <
OWFEHIENFTIET 5, THETIEL, PhoX ICBIT AR5 6, HE X o dh A, PhoD I HOW TR EICHEE % & H U T fEsT
DBERN DODFET DDHTH DL, LN LRRE FED A X7 ) X I T OfERD D MBHEPEOMAEY L PhoA <°
PhoX KV % PhoD ZfRA L TWAENLZ NI PRI NTZ, ZDZ b, WHFEMEMAMIZI W T PhoD (XY » OfFEMEL
e TRERERHZHSTNDZ LN TPHETE D,

2. ME¥S 7/ /89517 PhoD BAEE DN 5 ibiiE
RHFFECIL, M7 2 2327 5 U T Aphanothece halophytica (LA'F A. halophytica) ¢ PhoD 235 H L. D%y
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FHMEZTA Lo, £7°. A halophytica OF 7 LESWERNOEFAFEOT NI Y 74 A7 7 4 —BBEFEZIIH L.
ZOHRMDOREEE D phoD iR L RIS @WVEIE A R Lic, 2k phoD,, BisT- & 41172, PhoD,, BEED
7R B R T D L. Tat pathway & XXM 2B AEEERKICRE SN D ET— 72 N REEIRICTEEL T
oo 7z, avBa—F—vIal—ralilih, F#er—7%28 N KEERO X, fEEO PhoD & [AEk
WHERHC B SN D 2 T AT F R TH D RN EN E W I FERIIRENTZ, RIZ, xlZe ATF Vo0& 7 E2@E
X7z PhoD,, ®HEAE T /N7 T VT Synechococcus elongatus PCC 7942 DOFMARAN Tl FIF I S, LS5 WEE
ERAE L, D AX ENTICL Y MESMEMI T PhoDy, BMAENSBRH ENTZZ 0D I OB A MIESMT W
SN TWARBEMEN /R STz, Fio, Mlasbcmt 47z PhoD,y, BAE OV A Xid, MiaEmE Sy TR ESNZHD LD
BINE oy, RIS Z T ARTF Rl s N E B BN, I RL ORI S, PhoD,, EAEIZT T /N
77U 7HIKIAN T Tat pathway 12X o TR ~EIE STV Z EAVRIBR SNz, T /"7 T U TIZB W Rt
BUWHEDT VTV 7 5 A7 7 Z—BEEE LIEOIEIARMHIENIERGTH D, S5, Fxld PhoD,, & AE % KNG HE M
CISHL - FEHL L AR B L PR E A 0 LTz, Z OfE%. PhoD,, & AEAFEE O PhoD B IA'HE & FEEICT L
HYTHRT 7 Z—RIEEE TN D) T4 AT VAT T —RBIESEEREEL, 2RIV T M A A2 J o TR
ks Z &l L,

3. YTI/NOTNTIZEBIIBTIVAI I+ R T 7 2 —EEEFOREA

WENFe & 1E Anabaena J& DT ) X7 T U TIZBWTHA ML AMFLZ4T 9 Z & T, MIRNO Y U EENRZT 5
Ber ML TWb, 2T, A halophytica \ZHEA N L ZMBREITUN, MBI D phoD,, T&15 T8 % RI-PCRIZ X -
THRELILE Z A, pholy BIBTHILOFE LW EFBHEESNT, 02 b, T /377 U T3 A b ABRE
WA D FIRIN D U o REZAIRBEITISE T 203725 T phobDy BARTRELEZFHFEL, U o ORMEZRE L TV S ATREMED R
STz,

4. 2 3EEOHERRE

LR LT NI FUTOT A T X7 74— PhoD (BT HH%E (1), AA N AS—L2OHEEEE T A
R—H =BT B (2), BEOTT /77U T OF R U T LMEIFYE FF-ATP Synthase (ZBI3 2878 (3) 1D
WTEmCE LTHRER LT, o, FIFa@mce T3t (ERSE 2, BT 1) oREL1To72 (4~6),
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Studies on cationic metalloporphyrin complexes for organic synthesis

Takuya Kurahashi*

I ATy 7N o T ROGRARFKFSOGITATR S 2 BB G BABLEOS T, & BRI A S AL
Bt & UTERRE L~V TORBEARKIZT T < AREBERENEM BHOE R T R R O T3 A pE 72
ClIcbEHanse L, BIROAEERE XA DBERARBEIETH D, T ORRIZHRD THHZ
BRBIETIEH D2, L0 @O L BIRIEO BN BRSO BFEZ BT L LAFERE NS T
HOMIATONTWS, L, RIS THW2 e IE, o688 BILHE fb ok
PN, ZORRZRBUTHE S, HEEE 1IN T A SRRV T 1 U RS BT AREEAE ] - #Re
EEIEMNCAH L Q0D ARt AE B LT, IERTOMBEIG 2B T 280~ o o i EOREE %
R TN T2 BT BLROS O BR %6 2 fimd L 72,

1. hFFoERLI« )Y
Bz I RN TRV T ¢ U A BEERSHLE R O Tl & A B IRBEICIG U CHRE R SERICE L STV 5, HI5E

X OFERICEH L, INEEBERMELSOSICHND Z & 25 E Lz, Bz, RS 7 o U USRI RAL 7 0 U VB
DNLAREECHABL 2 BT 2 2 L2 kD, mAE L (S55/2) LKA (S=1/2) . A E L (S=3/2) D=2D AL
HAE, HDWIE, AV 7 B A — =L X ZBWEHPREZED (BT 2 E R HHECTH D, MFEE L. FRCEUNL ST DOFTHTN
BAAZ T~ (SbFy, BF,, PFg 72 &) BENL L2 B FA LR 7 4 U 8 (T $5RITRE A B0 L {RA B OB AR RES &
DEHNZEIZER L, 2R A AR O I BTRAMESOS ~DIEHE B 2 72 (K 1), BISRFTHTFFH R
74 ) BRI A DERIF A ED A AREEIC L - T, T DA ABUENET D Z EE2FIA LT, & P L~DRE
DENL - TEMEAL & RO AR Ofi B, fBETENE O B A 72 & 2 BhROICHIE © X X, BEAF Ol & 13572 2 RO - Bt %
BT HHEHIRIEIC /0 D L X2 T, DF0 ., BFFUMRALT 0 U 4 JE (1D §ERE LA ZTEfilE L LTHWS Z &
WL BERTOAEA RS ICIT A WET LW T RS Z BB CE D aREEAm W E MR Le, &bic, Av7 4 U v
BT 2RI IE, ASRT VU A & rY U AR EOEER- VSRS ET DgES ghe~v vl
ORAJIBINT 53D 2 ENEBAMREIC 22 EBZMRICHET Lz, LT, HimiC R L TFA bR o o U k%
AN s S B LT IR A R~ 5,

Ph Ph + \7 b
AngFe ‘J
Ph Ph ————— > |Ph Ph | SbFg
—AgCl
Ph Ph Y
[FeTPP(CI)] [FeTPP]*SbFs~ RN
FIMTIVTEREAL [FeTPP]*SbFg~
/ XiR B it AR AT
e | oo e
9 do S - BFRBOZICEDINA REMEOFRR

S=5/2 S=1/2
B R EREARfE
REYIORF—/N—

L. AFFMERLT 0 U SRS
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FETIRRA H T — GRS BE TR SRR L2 8 50
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2. hFAUUSBRILT Y UBRIZEDATAOT A —ILAT LT —RIG

B AR A2 VT2 BALMINSOGIX, I DR AN IS TE D8, fLE, RO BRIREICE L CEW L1 To
A CTE 2 BICBWTHRD THRAREGRTIETH D, e RIEROBALAMIEIS SR 2 B S TR Y | fEkIETIE
BIBTRARETH - BRI BED OB RIS HISH SN TS, — i, ~T af+ 2B R L AW OER & B filll
Z W BB INBOS OGS B RSN TE Y | ZOEEMHIZHAIUL IR SN TE I L IEF AR, 2Ok
BURICIE 2 T, HEEA I BLRERC L VAR = b 72 E AR L7283 LW O ERRETRARIEOBRE 217> T& 7= (J. Am
Chem. Soc. 2008, 130, 6058. J. Am. Chem. Soc. 2008, 130, 17226. J. Am. Chem. Soc. 2009, 131, 1350. J. Am.
Chem. Soc. 2009, 131, 7494. J. Am Chem. Soc. 2009, 131, 13194. J. Am Chem. Soc. 2011, 133, 11066.), =
DR EREHR A IEONITE 218 U CTHER L BB AR & LA ARRAE L U CAOWEERITR AR IEOBRFE S M
RARTHDHEDBEZICE STz, HlZIE, VA ABEE W=7 AT e RESZ U DANT BT 4 —)LA « TIVH—
VB CH 2R E B BRSSO Tlad 523, BAMZR Bt 54 —ERkd 5 kiﬁf:“ﬁé&ﬁ“m‘%%’& OFEETEL TN D
OF D, AMAERIEE LTEANRIETYE Ra 7 AbBdWE /S5 - 0Iid, 7)%%/w&I17w@;o&ﬁ
JSHEDOBNWT AT E R, ZLTH =27 AF =V DL ) f@)im@@,mu\/:z/@ﬁﬁﬁrﬁm WHETHD, £ ZTHE
VLB EIEA R EE R A F A Sk (TTD 85K ARV T 0 U BT & L THWIUREIZARTE 5 Z SIZHFB L,
TENA AR S U CTHWD 2 & %23 20z, FEICHBERIE & it Lok R, BEF O HIE TILER AR AR CTh - 72 JF
KONT BT f — )V A TV — RN, @O - (@B CHEIT 95 2 & 26202 Lz (K20 ). Am Chem. Soc.
2012, 134, 5512.), B2, BFAMERLT 4 U a v (D2 Auviud, 2 E CIEEISICHWS Z &R T
ERMOTERIENA IV ERERY T DT BT (— VA « TILE =GN, BB SMc THEITLTERY DU

k&M onsd 2 a2 I UE (B3 GascifmF).
Ph ’ °
=N__ N _ 99% 97%
PR > D Ph| SbFg j@v
N S =
R4 Ph R4
4% %
R o PFAAMAN TS HANEE AL AN o
+ | :(lv
RX  H7 RS R2 RS OBn
R1 R? 99% 89%
2. AT HETA4NVA T ARSI EDVE R T VRE

Ph

Ph

+

PhPh SbFg

HF ARV T 402270V R
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R4
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NO,

92%

Ts
I\)\ | ) Ph
Ph

98%

TIs T
1, 0
Ph Ph OBn

99% 87%

Ré

[ 3.

AT T VA - TR D BN U UBA AR

3. IFAMETUHURILT 1) UiEIC & HIRIERMEERIE

RACEMALRINITRFE =y FOEREZ D TICRFBR FILIERBE LB TEL 2 L0 o w20V ENTZK
IEThH D, MVERTHLERR T T L T =0 LR EORBERGBAMIELZ WD Z LI2X 0 E0IER & &R
N - SAHIEIAER SN TWD, £ 2T, BAYERSE LR ThH o~ U ORFME, BREFME, S I DK
JOPEIZHER LT, 2 a il & U2 BRb MRS ZBAFE LTc, BF A MRV T 4 U o~ 97 (TTD) il 2 Hv 5 2
LTk L6 A OB R LR RNET LT, ERY DUVBLEME LI e U CUVBLEMBIEER LS E B
52 EEAOTT, TORISTIER, AFA A~ T EORGT =4 2E 25 2 L2k Y | B L TEKRT DRILE
BBRTELZEEP NI LT,
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Theoretical study on the optical spectra of open-shell molecules by the quantum dynamics method
based on the spin-unrestricted TDDFT method

Ryohei Kishi*

In this study, we calculate the dynamic polarizability (related to the linear absorption) spectra of several
open-shell singlet systems by a novel method for electron dynamics based on the spin-unrestricted TDDFT
and the quantum master equation. We investigate the spatial distributions of dynamic polarizability density
and the contribution of each orbital to total polarizability. On the basis of these results, we discuss in detail
the diradical character dependence of the peak position and intensity.

1. IROETRERLL

DIFRNIZZODRIMETZ2AT DY T VI MMEAEDIE, LG O RSy FME 2 EOBLEN D,
MBI RE SN TETALEMTH D, BHET T IMEEH E VW ZIE, ZFEEKREO LD AR
FTENZON, —HERECTHLY I VIR ETHBEEZATL2LORGEET LI ENHMLN TN D,
KFESFDOMREERIEZ B L 5 &, RO—EIEREBIZZTH A (B IREELEEE (5e2Bi%k) IRRE
FCRLTHLEEZLN., ZORICITFEOBEZEEZ & DREND D, Z OBIFRORLE X, FREIRIER
IR D T EFREREOERS L LTHRTZENTE, T2 0 (B 226 1 Geabis)
FCEWDEEZT T VINVRFy EERTE D[], 2O E bR EIL, BhiEREICRBWTHLEER
FHEERD, KRBT 2 B RRE OIS & LERNH D, ZDZ LIFROIFINE
BEDN D T OBIEBMEIC I VRIS NS D2 L2 RBLTWD, ZOX ) RBlans, Bxidbans, —
P A hET/IZH-S< valence bond/valence CI {1 LV | FARBEM O T B EFED y IRIFIEIC BT 5 fif
WHOEBRZ572[2], TORERICHESE, y 2B U TRIEB IO WU Y GF) SRtk & B
ke & OBAREFRNT T 5 2 & C, Bric i E-FemEa 2 R Uiz, #1203, FRREOS A X & FFo
RTCHET 5 &, BIEWINOE—E—7 TiX, y OBV = VX — 13 L %R, v —
7 BRI T A RS LN [2].

— B EERIZE L THLEENL OO R E R —BEEHS T RAREINTVWD, FTHEERK
{BFOHERfE D, T/ 7T 722X 0 LT DA Bk — EHS RS E R RIL/KFE (PAH) O
AR, HEECETAREOEREIZAR L, B PAH ZOWMER R ROt LY ha=r X &
By hue=g R EOBLEPOIEFICRERIFEREZED TCND[3], W OB FEEEZ MDD DR I
72 EBRIIEB AT MV THDLN, IO EERBRROE AT MVOMIEIZEB W T, Bl o X
) 72 yARIEME B T3 2 K O iR R &< AThbn T o7, LivL, BB+ RICBWCE
FHEE DOPR L WERFOMERNBEREICER L T\ L 912, BBS FROWERZOASHDOIEDT-
DT, FRCERIEFZOE HREHGRICE S E M HEOHMN AR ERD EEZBND, £ TR
MFZETIX. 2D XK 9 B D TROWERFHICB T 2 BiR b OB #1A D —> L LT, Tamm-Dancoff
WL CO A B FEHIBR TDDFT (TDA-UDFT) #E& &+~ A X —FHREX (QME) {EEMAG DT, B
W RDNFIE 24 5 3 LW EF8 )227E (BS-DFTQME i) ZBR3E L[4]. —F\EY T VU bE
W DOEN AR O EHS (Im[a]; WX AT M CHIGR) ZEET D872 A — L% % L=, HED
WHEEZBREST 270 T V01 & LTHLDRFH X I2X 0 ROBZEMENZENT S 1,3-dipole & (X 1)
EXRE L, B NERE SR E AT MVIIRO y (RIFEHEICOW T LT,

2. B -5E

X 1 D4 FFEICE LT, AZHFEBIILES% L T UBHandHLYP % V7= TDA-UDFT 2512 L 0 bk
RRAZFH L7Z, TOMEED LI, DFETEICIEE T 2 i ES F(f) = 48 w)coswt F1E T TD Iy
DOIFEFIE p(H) %2 QME {EIZ XLV KD, Fourier ZHUZ LY p(w) & LTz, p(w) & EBSA w)h> b B /3 iRsg
od—w,0)= p(O2 ) DB HH Liz, A~ MLVOHERIEIT 02eV & L7z, —JF. BS-DFTQME i
TlX, RO 1| BAHEKEEITH OFEBFE B p(r,f) % Kohn-Sham #l1E D ZE[W /34 TR 5, Z ORI
201243 H 31 H 53
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ST BT S D LT, AT | B TRREE | X o
pro)EFHHT 5, a-o0)TE R 0)D | RITHFIT 5 EMEE  HC CH H,C CH
DEALD 5 BIEE I o TIRENT D k712 & 0 AT D sk s & CIVHhLE WpEAA L E
BT 50T, TFO L 5 Ic#ibasE pr, —oo) % 5T 5[5, X=NH, 0, €0, CH,

o (r,—w;0)=p(r, 0)/26w), o-w;) :—j rpl) (r,—o;0)dr (1) 1 1,3-dipole 771 D IR

oV DESITEADEEZFEL, N ENMTERICLY 10 : :

FHE SN LEMBEOEHART, T7bH ORI,

SISO DR & 7 2 A EE DAL A T T & 5,y 13 UHF

FARBLED SAEE D FEH Lz, 3 TORERIZIT 6-31G** 5

JEERIER & VN, NWChem5.1 71 75 L8y r—V L HiET 1

TR E VT T,

3. RR-EE

TDA-UDFT G5 & VRO I3 T COMERE L XTI 1 0 m—mpi e — 2 1clF % Im[o]

BIRF—FhERIED 22 B [E L7 QMEJEIC X 5 Im[a] A<7 b ]

/1/0)%‘"%%%%2 67—%—?—0 :hi @ y [ #%&() *1:3)/&;(()/\7 ]\/I/, *@/&_) , " ﬁ/&')

OEERITEE, E— 7 (B L% '

R, B — 7 MEITHEFIRD T R %

37z, 26O y EAFMHEITR AN IR~ T

valence bond / valence CI B2 & 2 T ! -omaE ! /156- 188 / 4 5m8a /4 maa

ﬁ@wc@%%[z] =T 2, LLEOWRITA S YA o 7 fuir - 3> B BRAE Al

N R ADEIED y et B B B 5 !i %n%@t &M%h%ﬁé%%%%?q,@@@

T 27D BB ERAT 21T~ 7, 3 REER (IR - £2 au OFfE) FEINNIZY T 2 B VIR

IZESF- DAY MO E— 7 (o BT 5, BB o (r, —o,0) % AL LT AR 2R, y @

INE TR TR, AMBESIC L VR SN D EMEEOHEB (M) 1T, S REICER - TR, £

NIITHEIC L 2 HFENRKRE N ERHEERTE 5, ZONMODBITy NREL RDHICHoNTHEAD L, »

D UITEW T TIFAE RGN/ leotz, ZHUE, K1 OIIBHEIZB N T, A AR TIE, n

HEDER SN TEY 1L C-X-C M CHRIEIT 2720 0 F BRI > T2 Fi S D 2,

—J. VI IANATIE, ZEAITEWICHEREO C T BIZRTERT A H D, oA ESS IR

DFEMBENOFPHITIA @O CJRFOFHANICE EFE D, ZHICE D, y ORIV ISR B

THEBEIN, FERMEOEBE G L A7 MUREOBRNH LN o T,

4. fHEm- RE

LI o 1,3-dipole 4y 1231 B 5 505 . BS-DFTQME #1255 < B o 55 BEfRAT 23 Bk — BHIE > 7

RDONFART bV EEFHEEE ORBRBREIA LT 2N FEE RDARBEA RSN, — T,

BT~z X 5 7Bk —HIE PAH X RV MR E M EEEZ b - TRV . 2L EERORRIRIEIC

%4 % TDA-UDFT {ED#E APEIZSWT, S REBENE & @ ERERRERE & Ok 2 & o 72757

HMNMETH D, £lo, T I TIESNRN TN, ARFRETIE QME IEIZ S < TIRIERIE I FE AL

7 FVOENT A — L BB L TV D[6], & BIZIEEIRIED BN & B4R BIFRIC & 2 25 72 7B

FIRRBIZ KT 2 93 IE T hd D AU DN TS AR O A ¥ — L 2B L, xR RICHE T T 2

Z & T, PAH ZETBABT TR DOBEDREIZBE T 2 LV IRVEME NGO D bo LifF SN D,
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A new method for detecting genetic toxicity using the RNA synthesis response to DNA damage.

Isao Kuraoka*

Here, we show simple, non-isotopic method for determining the toxicity of chemical agents
by visualizing transcription in a mammalian cell system. The method is based on RNA
synthesis inhibition induced by the stalling of RNA polymerases at DNA lesions on the
transcribed DNA strand, which triggers transcription-coupled nucleotide excision repair. When
we tested chemical agents (camptothecin, etoposide, 4-nitroquinoline-1-oxide, mitomycin C,
methyl methanesulfonate, and cisplatin) in HeLa cells by the method, this assay indicative of
transcriptio toxicity was observed in the nucleoli of the tested cells. This procedure provides
the following advantages: 1) it uses common, affordable mammalian cells rather than
genetically modified microorganisms; 2) it can be completed within about 8 hours after the
cells are prepared because RNA polymerase responses during transcription-coupled nucleotide
excision repair are faster than other DNA damage responses (e.g. replication, recombination,
and apoptosis); and 3) it is safe because it uses non-radioactive bromouridine and antibodies to
detect RNA synthesis on undamaged transcribed DNA strands. In this study, we used multiple
immunostaining methods and genetic modified cells to improve the sensitivity and accuracy.

1. [FCHIZ

AMmORGHKTH D DNA L, AMEREAHERFT 2720 DIFREM > QO HEERS T THY . BEMIZTFET D
ZEMRKETHD, L, TODNA L, BREICFIET 28, B L0 < b wEIc kv . BiEE2%T 5,
Z LT, ZOBREITAMEBIEICHEES 5 2, 298 BB UMM, OV UIBSSEILOBK E2D 55, B haEbhiz
ETOEMIZNEOBEDNA ZEET 52 L DO TE 5L872 DNAEEEEEZ L - T D,

X7 LAF FEREBE (NER) 1%, B4 bW E R EIC k> TEL D LHERBE DN 2=+ 52 LD TE 5 HER
DNAMETEHE D — D> TH D, ZONER D THIBHIE L B 7Y 7 LT DNA OFaRM T % TiRG & L& Lz
NER] (TC-NER) %y FHERESH 52N 72 » C & 72, AMFFRIE. 20 X 5 722 DNA SR Z V¢, R DNA ([2ilE L7z &
& DR GHERE OREERIZEL 2 2R L, & SIDISH & L THR OIS ER O R 2B Lz,

2. EBRANSLUAE
COBHERICBWTEE R Z L, MEOFEE, BEMSOBEB L OZE DK

SICBED 2 ENEDE=L ) v 7 AT 5 BN B 5, &G &I 5719, XPA(-) cells & XPA(+) cells

FNENORIGE B2 B LT OME R T, Mz DNA BIEH HIBAH : H 7 b h

FLY) THRE L%, BEL, BElkETO 2L ThD,

Chemical treatment

i SEAIZ A 2 MEE 2 DNA EAE R BAIIE C & 2 (SR PERZ BLE XP 0 A Al BrU inc‘:baﬁon
(XP20S:XPA (=) & IV 7z, & OMIR I OMIE & bl U 7454 DNA BEAN % L -
TRESZMEA TR T, o TRV @BEICRHBTRELE b L E X b, EbiC MtOH fixation
DRI XPA BAR T2 B AL, FERITEERENEIE L 72 #Hfu (XP20S/XPA:XPA (+)) -

anti-BrdU & anti-XPA (with DAPI)

FUEMG L7, ZOMIdxay bae—Ufilal vy 2 Lice . oM LY iRE
FEMINBIE SN TS & XI1T, XPA () MlEICBW IR EMDNBIZ S RV E X
2o TORBBILLTND I EICRD, ETHIEDIC, AT K77 1. REBROERTEOTH
ZFICZNbOMNZ 10uM DOh > 7 b T THEE L, 1 6 Kifil# BrU
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(TrEv ) Dy REEYOSLEFARR) T O3B L, MIAICHV IAERT-, A% /7 —/LEEZITV, BrdU Bk (2
WHET L7488 1 fk) BILOXPAFUE (2WPUET L2356 8 77 THLEPMGL, S HITDAPL (4,6-
Diamidino-2-phenylindole dihydrochloride : %) THfa L, AT A K77 A L CTHlaZEE L, LM cBlE 21T 72,

3. EBR¥ERBLUER

N T N TATE DAL DNABEIL, BECEEET 52 ENALNTNWD, BxITIEBEENOET=2) v 7%
BrU OELV IABIZ L > THRE L T\, ZOHAFTERY AT BrU % BrdU Hifk & B2 2 RFUAZIRINT 5 Z &I
LB L TWA, ERITIT o 7207, 2RI ET RN OORITY 2 KFUARE T, RIHEENME T LCW\We, 20t
DIEGEEH O E 2RPUETIZ R 7V v 7 7 I AN —USEHWAH Z &I
L7zs ZOHURDOTHD =D, BrU i b H D & LT 5-ethynyl uridine (EU)
EMIICER VAR D 2 LIC Lz, TREROREREADR (K2) (27T, i

T NT L B LR LT XP20S/XPA (XPA 7B (38 BL XPA MR - IE R A L R4 . . .
RDNAMEHEEER AT 5, ) DBAIEL, XPA X X0 Bk XPA X X HRY 7 a)

—APURIC LV L, RETAH(E, SOICHEEOEREL L TORERISE EU

XP20S/XPA

Transcription %

DI AR L OHERL. 2 U 2 I & 0 Sl LT X . % Ao e
I3 DAPI Yeft, (F6a) 452 L CHERL, Z0OZ L IFBERIEHI LT F Ty XPA__ Trenscription i
WZED DNAHEERA T THWDIZ D 6T IEFICITRbATNDSZ A2 LT . . .
W5,

—J7, XP20S (XPA % > /%7 ' /RIEHN : DNAEE 2RI L TV 5, ) DAL, XPA
2RI, ZOFKICE VRIS, FREERE LR SN ahoT, L B 2. ARBROFERR
Do Ty XPAZ U R ENIFELRNE ZREDRISIMEIE L TWD Z EAVURIE S
T3,

INOORFILHFELIEL ST M T v DNA A Z 022 o XPA MIADFHAE DA 5 Z & Tl
TEDZELATRELTND, LLARNG, filaoarTF o va URNENENOMM TR D, 2O &E2E X, Hxlx
2ODMIAERIFHZAT A K7 Z A2 ETHEL, ELFEFICFECD o7 7 v o RE TR L, [F— W18 o H ¢ 2 O
BANHERET B AR, TOREELEDOK (K3) TR,

EEDOAFAEE XPA # 2 X7 EHURIC L D ATk (M3 OAT) . Z OFMAIZHR T SOG 23 e
Shic (B3DOETD3 2D Ry b B/ME), RIUHE (4 F) 12 DAPL J4all L v filfans
RSB, XPA X U N EHIEERIGE ED L BB, I ik, 4RI
% LT E PE MR 2S DNAMETB IR LD BSOS A B L TWD Z L2 RIB LT3,

COIFERAERD )5 L BTp ) — o OEEMEE ORE O T ME O R 5z W U4
PECHEET 5 2 N TE, SHIZALDHTHAD DM EEEZRIHTE L RICH D, RUSKHET
THRHTE5DT, YU TN TOBRENELCIZS S oTWD, T, —ODOMHE L 3. F—EE oA 5
Tay hr—L LB (ZOBEIE,  XPAKIK & XPA MIIEIZ XPA & > /87 B & F8 3,

L7Zff) & DN TETWAEDT, U TG 3T TWADTI A hX7
F =~ ABRL Lo TN,

(2 H1T B WG PHE R R

4. KR

Tz 1L, F—HHEFNT 2 -5 DNA IETEEED 72 2 i 2 V€ DNA HBIEHI T H DG EA 2 M4 2 ke ik s 7
U277 32— bR ZMBE DTS BT L W Lz, 2 ORISR 71k X W IEERIEF O
BEEAVWTVWADT, LVERTELLIVLMICITR) ZETEDEEZLND, LLARNS, %< o DNA BIEA% H
WCTELIZRIEL TV ZEREETHH EBEZ TN D,
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Fabrication of three-dimensional culture space for controlling differentiation of human iPS cells
Shinji Sakai*

Development of the methods of differentiation induction to desired cells is an essential for pervasive
application of induced pluripotent stem (iPS) cells to clinical field. In this project, we try to control the
differentiation of human iPS cells by controlling the morphology of them by the stimuli given from surfaces
of surrounding substrates using cell-enclosing microcapsules. The aim of this study is to investigate the
possibilities of proliferation of human iPS cells and control of morphology of cells encapsulated in
microcapsules. We encapsulated human iPS cells in two kinds of microcapsules, having non-cell adhesive
inner surface made from unmodified alginate and cell-adhesive inner surface made from the mixture of
alginate derivative and gelatin derivative. The cells in the former microcapsules formed aggregates and grew.
In contrast, the cells in the latter microcapsules adhered on the inner surface and grew without forming
aggregates. The morphological difference and growth of the cells in the microcapsules indicate the possibility
of using our microcapsules for investigating the effect of controlling morphology of cells on differentiation of
human iPS cells.

1. FL®IZ

ANLZuaetfiia (iPS AiE) OFAERSTF~OE R ERK D T, WML OMII AR TH D, —
AT, MPEEE B EE A~ DY A b T A o RFER 22 EDIRIN, TR D BN OV 7 F A EIZ K> THbOFFERTH
TS, ZHUTK LT, AT, BB~ A EORINZ LTI REZHIE T2 Z &2k 2 iPS
AR D L AL ~D S LHEEART OBAFE & BAE & LT\ %, Z OAIIaERERIENC X 2 55 bHlEC B L Cik, 2 E Tlepr
BRIV T, RIS & ORI ~D /M EFEE Y 7 T A B 24T ZAUC K0 BRI AL 80 2 T
B L2 B D i ~D 3 b & Bkt T2 Z L &2 R L T

Wiz [1], LU, [FRFIZ oty 7 AL 5 CidE o

IENAR T THY . BT D FE TORE L DA

Wb SR ZENTE NI EHLHL MR > T,

2 CARBETIL, SRy S BT s 2k

TEHE A @D D 2 L BRI CE 5 & RIRFI SIS A Ak

LT W NRZE D 7R L B L. REDO KBS
{CFEZERT D00/ ZAIKT 2 22 BEL

TWn5 (K1), PR 23FEIL, ~A 7 A7 BAANT

Dt b iPS MRS TR OMANL & U T RIREEEE O

TERUC BT DMt 21T o 7o,

1. ShETOWEESE AR OEHE

2. EBRFE

<A b~ A T UMLFR LT~ o AREKESEAE (STO A

T g — K —Hillme LTEE L7~ |k iPS i (201B7
BRL2], BB N D) an = — R EERAER LIRS ¢ v 2 KD B L 7o, BMlalic Lz, Z o iPS
fuz ., 7.5 wthDE 7 F L IKEKIZ 1.5X107 cells/mL & 725 K D IZaS %, BERoORLZEE 2 X [3]1%2 T
BRI 250 um OHIFREIEE T F o ZF AV E— X2 ER LTz, ZOFNVE—=XZTAX BT MU A (2.0 wth) KiFE
B L IE, 7 ) — MK A T LR R (2. 0 wt%, Alg-Ph) & 7 =/ — /LMIKEREEE AP T F L EFEK (3.0
wt%, Gelatin-Ph) DEAEKICHMISET, A MRy FULAL A THREBE LT VX BTV (Sr-Alg) B 7 E/~D
b b iPS MMRESE Y 7 F v L E— X OE AL, FV E— X EIER A 100 M (b A kv T AKERIE (pHT. 4) 12§
20124E3 A 24 H 2
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ERIALIEA]IC L VT2 2 & TITo 72, Alg-Ph/Gelatin-Ph # /L FE/NL~DEFTF L F L bE—XDE AT, B#R
DOFEBNCEVEET Y EHRANV A X 0 X —BOBRKIGIC L VITo 7, D%, 26D 7 /% 3T FECHAET
LI LR WHOET T NG IR E S A 2 2EE 2 g LT,

UHy FEEREEEEOERICE L I HIEEGDO IV — A NG U AR—F—L TV EZI VBN T AR—F— % X
—5y FNELTHIREREDOHIHAZIT ) 2L 2RI L, ~A 27 0 FRAOBEMEL L /2B 7 VX RIS LT D-Z b a—
AL LT TN L-INE I OERiEIT o T ME R ER LTe, Zh o T AR UBHSRN o 7V — M ERL, 20
kize b iPS MO 21T - 72,

3. BREER

212 Sr-Alg 7V 72 /v ks KON Alg-Ph/Gelatin—Ph
FNH T RMTAFEE N b b PSR OEF SRR D%
SEINRE R 1Y (oo I | E <l b STAN @ 1) D il SiR% S
FOREREGRERR L CoTo, BEEMA T A B/
FEE CIEasind - < 0 & LB RIL2 RS S 7223,
ZTORITEDICREL D LidehoTz, —FH T, #
BOHTRNEEIZE T F U EIREEN LI CIE,
AR D A 7 VBE~ DR DGR S AL, Sr-Alg Z VT
TAOLE LR L TR RE MBI EE Lz, L
L. SBICATBEADORZERS Ao 31 EI0E TH
ETAZ 3ot Uik, WFhob 7ErEfn
FEBIEBNT O LLAITRISEIS S S s B 2 (L s ma 7 EL B (oot
MWHEETH DL Z EBHI BN e Fio, ARl

%0 TR IVEERP RO R E A IG5 2 & TH TR ANEO e~ iPS HIMLOTEREEZHIEHTRE TH D 2 ENHL MM E R 5T,
B, SHLITHPHSE L Z LA HME LTST0 7 4 — & —Hlifa & O 7' /VINA~OILEFEEAT o 7o 33, BT BE5H & 2Rk
THZ LT TE ol

FEOBBHRERICE ESNWT, TARUEAERN LT-h SR BB OB AT o7, TAFUEICH LT D2
— AL LT TN E I OB R T o T MBI SRR LT L v — MZ e b iPS IO AT o7 L 2 A, &
HHDOF N — MK L THRMBAERS - R 2 Z &idlehoiz, ZORET, EASNT-MREGE b7 > AR—F—
B—0y Ny FOEPDIRPSTZZENRREEZEZ BND, 5HIT DNV a—RABLXWNL-T 7 =)-L-7 V& I ARG
DGR 22 EABMET 22 LI 0  EBICENLDON T OEARERKEE TR T VAR —F =N LI EEL
HETXLE RaZ AMEt 2% L O RERH D,

4. £

PR 23 4EFEICIE, NREICSEIERY D ROX 30 ZIORTRERPZE N 72/ NTE b iPS MRS C& 5
L EMRTDHELEBIC. T ENEBEOREARET A Z Ik o CHIlAREDHIE AT S Z EMARETH D Z L 25
MIZ LT, 5%, V> NiEmRl 7/ VEEM B OB 2 8D . 0 7B VINEMD D D> 75 &3 < JERERIAD
WZE0 . DRSO b EZERT D Z L BT,
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An implementation of low-cost LSIs by sharing techniques

Daisuke Kanemoto*

It is well known that cost of LSI depends on silicon die area size and opamps occupy large area of silicon
chips. Therefore reducing number of implemented opamps is required in order to cut down chip cost. This
report presents that two LSIs, for audio and wireless applications, can be implemented by using opamp
sharing technique. These reports show opamp sharing technique is suitable for low cost implementation of
LSIL

1. [XILCHIC

Fo 72 MILSI O SHEEHEBEREND LS. RERLIE, BEONSRERIZE, 1ROV Z A APLEVEO
F o T ERET D ZENTRRIZRDNE Th D, £ 2 THRARER, RERHAERALEL T LT 725K
Tuy JETHAET DL T, AT T REBAHI L, k2 2 R T LSI 2 BUE R REIC T 2 BT OBFEICEHF L TV D
ARWFFEHEETIE, 4T 4 ARBICHEL L7 —T 7 o & (1) &, W*CDAM(Wldeband Code DivisionMultiple Access)
HRGICHEIL U 72T v 2 o 7 JEaRER (2, 3) D, AT 2 7 F288 % KIEICHIN L7= S BilcBI LT, AFE DR K%
HIZE DT

2. FA—TFAABBICERLEL—T 714045

F—T 4 ARSI L Fo v — T 7 4 W H OFREHS, =7 U U T EM RS L, 4T T RE G HIR TRl LT
Bz 9. (DIE, BFRAREREN R THIH T 100dB LA ED SN2 F LIV —T 7 4 VW E %, =7 U > 7 HEfiE AT
AIEL, BONTCHRERE LML THD. I —7  AHETIL, Pelir (20kHz) - &R (100dB F2EE) OPERED K
LNLERD L. HEmFHEOME, HDAy 7 i3 A0, 30@%&7/7%£ ET D VENRH T, Ll
R LTHEELTWALST L, HIEHAL v F2AATHET, 1504 [ '

NPT ENREABRTY T L, EERONHEERL TS, d]ﬂ'
T-EFES IR RD BN D ARy 7 BT, R AT o 7R %

BHL, FIAT2ET, BESLEBT D Z &N HER. 27 stage |
K1, TOEBEL—T T4 NEDF v T EETHL. Fv 7 E5H

TRTEIL, 3ODF Y XU HDAT—VIZK LT, 1 DDA RT v ORI, I

TORHBTEHHE TN D, DFEDRFERNS, A —TF ¢ ABGICHER L Capacitors

Capacitors

FISTIZy =T U o 7l ais 3 29 C, ERA Y 7 iz LoD =it
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Numerically Stable Realtime Simulation of Extremely Deformable Soft Objects
Ryo Kikuuwe"

It has been known that the implicit Euler scheme based on linear approximation is effective
for realtime simulation of elastic objects. It however causes unrealistic impulsive behavior of
simulated models under extreme and fast deformations. In this research, we have shown that the
stability of realtime simulation can be improved by appropriate modifications of the linearization
and position-update schemes, and by a new method that approximately compensates the
linearization errors.
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