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Effect of Super Magnetostriction on Magnetic Anisotropy of Ni,MnGa

Masaaki MATSUI*, Toshinori NAKAKURA** Daichi MURAKAMI*#,
Satoru YOSHIMURA*** and Hidefumi ASANO**

Contribution of super magnetostriction to magnetic anisotropy has been introduced by Landau free
energy expression. True magnetocrystalline anisotropy constants of a high temperature phase and a
mesophase of Ni,MnGa have been evaluated by the magnetic torque and magnetostriction, measure-
ments. It has been found that a complicated behavior of apparent magnetic anisotropy constants of
Ni,MnGa near the mesophase transition temperature, T,, which was previously reported, is explained by
the present analysis. That is, a contribution, K, of super magnetostriction of Ni,MnGa to the magnetic
anisotropy is large enough to compensate the true magnetocrystalline anisotropy, K;. Then the observed
apparent magnetic anisotropy constants result in small values. The complicated behavior of the apparent
magnetic anisotropy is based on the different temperature dependence between K, and K. Furthermore,
a minimum of the initial permeability at T, is also explained according to the behavior of K;. Next, the
effect of substitution of Ga by Al or Si has been investigated. The radius of an ion of the substitution
element is important to consider the change of the temperature T,.
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Tablel Result of chemical analysis for samples

Samlsz)e Single

" | No.l No.2 No.3 No.4 No.5 No.6 No.7 Crystal

(at%) SO)

Element

Ni 534 51.6 51.7 49.9 47.9 51.1 494 49.2
Mn 224 24.2 24.3 26.2 28.0 24.1 25.9 26.5
Ga 242 24.2 24.0 23.9 24.1 23.7 234 24.3
Al — — — — — 1.1 — —
Si — — — — — — 1.3 —
ela 7.63 7.58 7.59 7.54 747 7.54 7.51 7.50
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Fig. 1 Magnetic torque curves as a function of angle of the magnetic
field of 10 kOe. Full lines are fitted curves by Eq. (20).
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Fig. 2 Tow-fold (A,) and four-fold (A4) components analyzed by
Eq.(20), as a function of temperature.
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Fig. 3 Magneto-anisotropy constants K;, K,;, K,, as a function of
temperature. See text.
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Fig. 4 Magnetostriction constant, 4,0, as a function of temperature.
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Table 2. Magnetocryslalline anistopy constant K, estimated by Eq.(24). Values of magnetostrition constants
was obtained from Fig.4 and Fig.5. Now, AT=T-T,.

AT Ao Ay C Cu K, Ay K,
(K) | (ppm) | (ppm) (GPa) | (GPa) | (x10°J/m’) | (x10°J/m’) | (x10>J/m’)
45 -105 -77 223 102 -451 -0.68 5.87

0 277 -186 10.8 93 -28.5 +1.33 25.8

=400 T T T T T T T T T T T T
N . 3000 [ K):X’ X/X7XA i
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Dispersion Energy Based on Locally Projected Occupied and
Excited Molecular Orbitals for Molecular Interaction

Suehiro Iwata®

The abstract

To avoid the configuration basis inconsistency (CBI) in evaluating the molecular
interaction energy, only the dispersion terms are calculated with the second order
perturbation expansion based on the locally projected molecular orbitals (LP MO).
Because of the local nature of both occupied and excited MOs, the electron configu-
rations for the dispersion terms are generated distinctly from the configurations for
the intramolecular electron correlation. Several test calculations are performed for
rare gas dimers, water clusters, HF clusters as well as some of S22 sets. In addition,
the ion - 7 interaction is examined.

1 Introduction

Efficient and reliable evaluation of the interaction energy between non-covalent atoms and molecules
is one of the most important research subjects in quantum chemistry.[1] Last twenty years dramatic
progress has been made in theories based both on molecular orbital and on density functional for
study of molecular interaction. The theoretical computations become indispensable tools in planning
the experiments of the atomic and molecular clusters and in analyzing their results. Most of experi-
mental papers of atomic and molecular clusters contain the computational results of their own and/or
of the theoretical collaborators. One of the difficulties in evaluating the weak molecular interaction
both with the ab initio molecular orbital (MO) theory and with the density functional theory (DFT)
is the basis set superposition error (BSSE), which is inherent in the basis set expansions. In almost
all of MO theories and in most of DFT, the one-electron functions (orbitals) are expanded in terms of
the Gaussian type functions. For MO theories, the many-electron wave function is constructed with
a linear combination of the electron configurations (or Slater determinants); in the simplest case, the
closed shell Hartree-Fock wave function is described by a single Slater determinant. Because BSSE
results from the imbalance in the approximations for the composite system and for its isolated com-
ponent systems, the inconsistency both of the one-electron basis set (orbital) and of many-electron
Slater determinants (configurations) has to be examined. Liu and McLean, when they studied the
interaction potential energy between two He atoms, defined Orbital Basis Incosistency (OBI) and
Configuration Basis Inconsitency (CBI).[2] Their wave function is the multi-reference SCF and first
order configuration interaction (CI). To remove or to avoid BSSE, this distinction of OBI and CBI
is crucial, although not many papers are aware of it. It should be emphasized that size-consistent
and size-extensive many-electron theory[3] do not implies that they are free of CBI, though they
are the necessary condition. The counterpoise (CP) procedure of Jansen and Ros[4] and of Boys
and Bernardi[5] is widely used to make correction of BSSE, and the procedure can be run routinely
with many quantum chemistry packages. However, it is time-consuming and there are some am-
biguity in the procedure for polymers consisting of more than two components as noted by White
and Davidson[6] and by Valiron and Mayer|[7]. Because of the unawareness of the distinction of OBI
and CBI, the CP procedure is often implicitly assumed to be equally applicable to remove the BSSE
caused by both OBI and CBI. Originally the CP procedure by Jansen and Ros and by Boys and
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Bernardi is for the single determinant self-consistent field (SCF) wave function, and so it is intended
to remove the OBIL.

The alternative to the CP procedure is the extrapolation to the basis set limit, advocated by
Varandas,[8] and this procedure is applicable to the correlated wave functions and to any polymers to
remove both OBI and CBI. It is very expensive and can be used only for the benchmark calculations.
The approximate version of the extrapolation is extensively used by Hobza and his coworkers.[9][10]
The symmetry adapted perturbation theory (SAPT) is accurate and BSSE-free.[11]

Another alternative is to use the localized orbitals. The local MP2 of Pulay is one of them,[12] but
because the occupied MOs are the canonical MOs localized on atoms, the OBI in the Hartree-Fock
level cannot be removed. Mata and Werner reported that the basis set convergence is better than the
CP corrected MP2.[13] Last ten years we have been developing the perturbation expansion theory
using the locally projected molecular orbital (LP MO).[14][15][16][17][18] The set of equations for
LP MO is reformulated in a more transparent form using projection operators from those of "self-
consistent field MO for molecular interaction (SCF MI)" of Gianinetti and his coworkers.[19][20] In
recent papers,[21][22] we demonstrate that the corrected SCF energy by the third order single excita-
tion perturbation (3rd SPT) is close to the CP corrected SCF energy, in particular with augmented
basis sets. For smaller basis sets, by removing some of the excited MOs[21] or by modifying the
related matrix elements,[22] the 3rd SPT can be used in place of the CP procedure in estimating the
interaction energy of large clusters. In the perturbation theory, the excited MOs, which are local but
orthogonal to all of the occupied MOs, are determined through a projection operator. The required
computational resource is nearly equal to or less than that of a single cycle of the LP SCF calculation
and of the ordinal closed shell SCF calculation.

The dispersion force (Van der Waals force) plays an important role in molecular interaction. To
evaluate the dispersion energy within the MO based theory, the mult-diterminant description of the
wave function is required. Thus, we have to face the CBI. Because the dispersion energy is the
intermolecular electron correlation, the separate calculations might be possible. The empirical and
semi-empirical methods for estimating the dispersion energy have a long history.[23] Recently the
separate calculation of the dispersion energy for SAPT is successfully applied.[24] With the DFT,
after a pioneering work by Kamiya et al,[25] many papers report the separate evaluation of the
contribution from the dispersion force. Because of theoretical and conceptional difficulties to split the
exchange-correlation terms into the intra- and inter-molecular functionals, there are many versions.
Sherrill reviews the present status of the methods.[26]

In the MO based quantum chemical calculations, the supermolecule approach is the most common.
To evaluate the dispersion energy within the supermolecule approach, the multi-determinant descrip-
tion is required. Now MP2 and its variants are extensively used even among the experimentalists as
mentioned above. Because the excited configuration space within the supermolecule approach cannot
be divided to identify the dispersion type excitation, the separate calculation of the dispersion energy
is not possible. Therefore, the MP2 calculation by taking into account all of the double excitations is
carried out and after that, the CP procedure or the extrapolation on the basis sets is performed to
make correction of the error. In the LP MO perturbation expansion, on the other hand, the dispersion
type excitations can clearly be defined, because both occupied and excited MOs are assigned to each
molecular component. So the separate calculations of the contribution from the dispersion terms can
be evaluated. The purpose of the present paper is to numerically examine the possibility and to find
the deficiency of this method.
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2 Theoretical

2.1 Perturbation expansion theory in terms of locally projected molecular or-
bitals

The locally projected (LP) self-consistent field (SCF) molecular orbital (MO) method is already de-
scribed in several literatures.[19][20][14][16][17][18] [21][22][27][28] Below, the equations only relevant
to the present work are summarized. The occupied molecular orbitals are locally expanded in terms
of the basis sets defined on each molecule (component) which constitutes the cluster. The MO coef-
ficients for the occupied orbitals are variationally determined under this restriction. The restriction
ensures that the calculated SCF interaction energy is free of BSSE. But because the wave function is
absolutely local, it fails to describe the electron delocalization (charge-transfer, CT) among the mole-
cules in the cluster. The lack of the electron delocalization (CT) causes the large underestimation for
the binding energy, [14][17][18][21][27], and therefore the perturbation correction to the energy and
wave function is required to incorporate the charge-transfer terms. To evaluate the contribution from
the CT terms, the well-defined local excited (virtual) orbitals are required in the expansion. The
locally projected excited orbitals are determined by solving the eigenvalue problem,

(1 = Poce)XAtar = XatikMk (1)

where column vector %% is the MO coefficients for pay, and row vector x, is the basis functions
defined only on molecule A. The projection operator P, is for the space spanned by all of the
occupied MOs of the cluster. If n, = 1, MO @ap = x5 t3}, is orthogonal to all of the occupied MOs
of the cluster under the strong local restriction on the basis sets. The orthogonality to the occupied
MOs is required for the perturbation expansion. These MOs can be called the absolutely local excited
MO (ALEx MO, or strictly monomer basis excited MO). In the present study, when 7, > 0.99999,
the orbitals are classified to ALExMO. For n; < 0.99999, the excited MOs are partially delocalized as

YAl = NAl(l - ﬁocc)XAtjcﬁ (2)

where N,, is a normalization factor. Because the vector t% is an eigenvector of (1), the partially
delocalized excited MO is also characterized by the eigenvalue 7;.

Although the MOs are not the canonical orbitals for the full Fock operator, the zero order Hamil-
tonian HO is defined similar to the Moller-Plesset form as [17][18][27]

occ exct

=S"al (b Fle) aC+Za r| F|s) (3)
b,c

and therefore the perturbation term is split to the one- and two-electron parts as

ﬁ:ﬁ°+)\(171+172) (4)
— F+ A\l (5)
occ exct

AV) = ZZ (b] F |s) @ + c.c. (6)

We first took into account only term AVi,[17][18] within the single excitation perturbation (SPT).
Then, the contribution from A\V5 was added with the third and fourth order perturbation expansion. [21]
Several test calculations showed that the fourth order correction is small and is not necessary to be
evaluated. To compute the third order correction energy AE3SFPT | the MO integral transformation of
two-electron integrals is not required, and AE3SPT can be evaluated directly from the "AO" integrals;
the required computer time is shorter than for a single SCF cycle.[22]
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Because both occupied and excited orbitals are local on each component of the clusters, the single
and double excitations are grouped to several types. The single excitations are the local excitation
(LE) and charge-transfer (CT) types, and the CT terms make correction of the SCF binding energy
by allowing the electron delocalization among the components. It is demonstrated that for smaller
basis sets the CT terms introduce the BSSE if all of the excited orbitals are used in the perturbation
expansion. The excited orbitals originated from the orbitals of small 7 in eq.(1) causes the error.
For these cases, the restriction of the use of the excited orbitals or the modification of the matrix
elements is required.[22] For the extensive basis sets such as aug-cc-pVTZ (apvtz) and aug-cc-pVQZ
(apvqz), all of the excited orbitals can be used; the CT excitations to the orbitals originated from
small 1 do not contribute to the second and third order correction. With these extensive basis sets,
the 3rd order SPT corrected binding energy E%%P T is very close to the CP corrected SCF binding
energy Egg—s oF,

The double excitations are classified to several types.[18] The basic excitations are the intra-
molecular pair excitations |apby — rasa) and the dispersion type excitations |apabg — 7 sp), where
ap (ra) is an occupied (excited) orbital localized on molecule A. The other types involve the charge-
transfer such as |aabp — rpsp). In the previous work,[18] the preliminary calculations are carried
out only for small basis sets, cc-pVDZ(pvdz) and apvdz, and the double excitations involving the CT
tends to overestimate the binding energy.

The first order wave function in terms of the non-orthogonal many-electron basis functions ©; is

v =3"0,T; = Uspr + Uppr (7)
=1

where O; is, for example, |ay — rg) for the CT excitation, and |aabg — rasp) for the dispersion
type excitation. Because of the non-orthogonality among the occupied orbitals and among the excited
orbitals, to obtain the first order wave function vector T, a set of linear equations has to be solved,

PRCH (ﬁo - Eo) 1©1) Ti = — (Ok| A (‘71 + ‘72> |®LP-nm0) (8)

J

In a matrix form

(E4+W)T=—v (9)
where = is a diagonal matrix of

Bkt = 6k (Ol (ﬁo - Eo) |Ok) (10)
and

Wi = (1 — 81) (O] (ﬁo —EO) 0)) (11)

The inhomogeneous term is

v = (O] )\171 |®rp_mo)  for single excitations (12)
vk = (O AVa |®Lp_pi0)  for double excitations (13)

Because of the orthogonality between the occupied and excited orbitals, the linear equations for
the single and double excitations are decoupled. For the possible application of spin-component-
scaled Mgller-Plesset theory,[29] the new code does not use the spin-symmetry adapted form of the
many-electron basis functions. The matrix W for the parallel- an anti-parallel-spin components is
decoupled. The formula of Wy, are given in Appendix of the previous paper.[18]
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The present version of codes is developed using the Intel compiler on Intel Mac Pro (quodra-duo,
OS X 10.6.6) and on Linux (quodra-duo, Redhat) as one of the tasks of MOLYX package, which
is a private ab initio MO package and uses the integral package of 1997 version of GAMESS.[30]
The counterpoise corrections are evaluated with GAUSSIAN 03.[31] All of the computations use the
cartesian gaussian functions.

2.2 Linear equation solver

The homogeneous part of the linear equation (9) is diagonal-dominant, the equation can be pre-
conditioned as

1 1 1 1
(1+E*5W=*a) = T=1+Qw=-5"2v=—v (14)
The solution o may be approximated by
w ~ o v+ 1V + Q% v+ 33V + - - -

and the coefficients ¢; can be determined by minimizing the error |(1 4+ €2) @ 4+ v — w@|. Because of
a large available core memory, a set of vectors pU) = Q7w are stored on core. The equation for cj is

iter—1

; (ﬁ(k) + ,~,(k+1)) (pm 4 p(m)) ¢ =— ( (k) | p(k-i-l)) v for k=0, - iter

where iter is the number of the iteration. When the error is smaller than a threshold value, the
iteration is stopped. In most case, the maximum iteration is less than 10.

In the present version, the matrix elements €2 larger than a threshold value are stored on RAIDO
disk. The rate-determining step is to generate these matrix elements. BLAS, sparse BLAS and
LAPACK are used, if they are applicable.

3 Computational Results

3.1 The third order single excitation perturbation

. . - CP_SCF . .
In the previous work the counterpoise corrected scf binding energy E 5~ for various clusters is

found to be bracketed by the third order SPT energies, E3777 (all) and E3FT(ALEx), where the
former is evaluated using all of the excited orbitals and the latter uses only the absolutely local excited
(ALEz) MOs. Always E35FT (all) overestimates EY B E ~5F for a given basis set. This is theoretically
justified; the excited MO ¢a; generated by eq.(2) from the vector of a small eigenvalue 7 in eq.(1) has
a contribution from the basis sets on the components other than component A, and therefore, the CT
to this orbital may introduce the BSSE caused by OBI. It should be emphasized that for small basis
sets the CT contribution to the binding energy cannot be separated from BSSE caused by OBI. For

large clusters, in particular, ALFEx spans a too restricted excited orbital space, and E%%P T(ALEx)

CP_SCF . .
underestimates Epp . In several model clusters, for the extensive basis sets such as apvtz and

apvqz, E%%P T(all) is a good approximation to ECP SCF oven for large clusters, which is close to

CP SCF_extrp - The difference (BT (all) — E3SFPT(ALER)) is a good

measure of the appr0x1mat10n of E35FPT (all) to the counterpoise SCF binding energy Egg_SCF for

a given basis set. In this paper, all of the 3rd SPT calculations use all of the excited MOs, otherwise
mentioned.

the extrapolated energy Eg
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3.2 Counterpoise procedure for the correlated levels of theories

The CP procedure is uniquely defined for the dimer. On the other hand, for the polymers, in
addition to the original procedure by Jansen and Ros[4](Note that most of the papers, which refer
to this pioneering work on the protonation energy of CO, misspell one of the authors name as Ross;
the correct one is Ros) and by Boyes and Bernardi,[5] there are other versions; one is the functional
counterpoise procedure by White and Davidson[6] and generalized by Valiron and Mayer.[32] Kamiya,
Hirata and Valiev adopt a truncated version.[33] The other is the pair-wise additive function scheme
by Wells and Wilson.[34] The difference in the correction energies among the procedures may not
be so serious, compared with the size of the error itself, as examined by Kamiya et al [33] and by
Salvador and Szczesniak.[35] The CP procedure and its variants are assumed to be equally applicable
to any MO-based theories and DF theories. It is also assumed that the procedures can be used equally
for the single determinant wave function theory as well as for the multi-determinant function MO
theories. In other words, it is implicitly assumed that the inconsistency both in the orbital basis (OB)
and in the configuration basis (CB) can be corrected by the CP procedures. It is known that the
convergence of the CP corrected MP2 binding energy on the basis sets is much slower than that of
the CP corrected SCF binding energy. At the level of aug-cc-pVQZ, the latter almost converges, but
the former does not. The examples are shown in the following subsections. At least we have to be
aware of the different convergence behavior of the CP corrected binding energy for OBI and for CBI.
In the extrapolation to obtain the CBS (Complete Basis Set limit, which is a very misleading term,
though), the distinct formula for the SCF energy and for the electron correlation energy should be
used not only because of the different convergence behaviors based on the nature of the energies[9]
but also because of the different origins of the BSSE.

Plaizs et al examine the basis set dependence of the geometry change for MP2 energy with and
without CP correction for (H2O)y and (HF)g, and they find occasionally the different converged
geometric parameters.[36]

Mayer and Valiron report that the binding energy evaluated by MP2 based on the chemical
Hamiltonian approach (CHA-MP2) agree well with those of the CP corrected MP2.[37] It looks to
suggest that the CP procedure for MP2 is proved to properly remove the BSSE. But, in terms of the
many-electron configuration space, that of CHA-MP2 is same with that of the CP procedure. The
CHA modifies only the AO integrals, and thus the BSSE resulting from the OBI can be removed.
But it does not imply that the error caused by the CBI is removed. They also shows the examples
that the larger basis sets increase the difference between the CP corrected and uncorrected binding
energies.[37]

3.3 Rare gases
3.3.1 He2

The interaction potential energy of He dimer is a basic problem in Van der Waals interaction. From
the seminar work using quantum Monte Carlro simulations[38] to the latest accurate calculations,[39]
there are numerous papers. Here, for consistency with the other rare gas dimers, we examine the
basis set dependence of the potential energy curves with the counterpoise corrected CCSD(T) and
MP2, and with our 3rd SPT + 2nd order DPT(Dispersion + Pair correlation), Eor @ +F%r PP (q17) =
E33PT (all)+AEPr+Disp - Figure 1a shows the curves of the CP corrected and uncorrected CCSD(T)
with aug-cc-pvXz (X=D, T, Q). Hereafter aug-cc-pvXz is abbreviated to apvXz. Figure 1b shows
those for MP2. The two-point extrapolation scheme

EX = Ee:ﬁtrp + BXig (15)

of Halkier et al [40] is used for the total energy. In both figures, the curves of apvdz are extremely
underestimated for the CP corrected energy and overestimated for the uncorrected energy. The
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equilibrium bond length with the CP corrected CCSD(T) and MP2 is too long. Also in both figures,
the uncorrected curves converge much faster to the extrapolated curve than the CP corrected one.
The two extrapolated curves for He dimer are close to each other. The equilibrium bond length and
the binding energy in the accurate calculation is 2.97A and -11.0 K.[39] The extrapolated curve of
CP corrected and uncorrected CCSD(T) has the potential minimum close to the accurate one, but
the equilibrium bond length of MP2 is substantially longer than the accurate one. Figure lc shows
the curves of the present E%%PTJFPMHDZSP (all) with the apvtz, apvqz and apvbz basis sets. Although
the binding energies are substantially underestimated, the equilibrium bond length of these curves
are around 3.0A. By following Hobza’s recommendation,[9] the apv5z curve is improved by adding
the correction term estimated by CCSD(T) with apvtz.
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Figure 1. The basis set dependence of the potential energy curve of Hey with and without CP
correction. The energy unit is K. a) CCSD(T), b) MP2, ¢) 3rd SPT(all) + DPT(Disp+Pair). The

reference curve is from [38]

3.3.2 Ne2

Figures 2a and 2b show the CP corrected and uncorrected potential energy curves of CCSD(T) and
MP2. In Figure 2a, the curve deduced from the experiment is included for comparison.[41] The
extrapolation is carried out separately for the correlation energy with eq.(15) and the SCF total
energy with the three-point form[42]

SC_SCF SC_SCF
Ey - =Eoprp  + Aexp(—aX) (16)

in the figures. Hereafter, [QTP] stands for the three-point extrapolation using the energy obtained
with apvqz, apvtz and apvdz, and [QT] for the two-point extrapolation using the energy with apvqz
and apvtz. The characteristics similar to the curves of Hey are found for the CP corrected and
uncorrected curves of apvdz both in CCSD(T) and MP2. The CP corrected and uncorrected curves
converge to the substantially different curves both with CCSD(T) and MP2. The experimentally
deduced curve is bracketed by the CP corrected and uncorrected CCSD(T) curves; the difference of
the three curves at the bottom is about 0.04kJ/mol. The extrapolated uncorrected MP2 curve shows
an awkward shape, which results from the apvdz curve. Figure 2c¢ shows the curves of the 3rd SPT +
2nd DPT(Disp+Pair), B+ HFr+Disp 11y and 3rd SPT + 2nd DPT(Disp only), Esor T TP#P(qi1),
with apvqz, and the curves of the corresponding extrapolation. They are close to each other and
to the CP corrected MP2 in Figure 2b. In the figure the experimentally deduced curve and the
CCSD(T) curve extrapolated from cc-pVXZ by Ruedenberg et al are included for comparison.[41]
The 3rd SPT + 2nd DPT curves with and without the pair correlation are underestimated by about
0.1kJ/mol, but their equilibrium bond distance and the shape of the curves agree reasonably well
with the experimentally derived one. Hobza’s correction improves the agreement.
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Figure 2. The basis set dependence of the potential energy curve of Ney with and without CP
correction. The energy unit is kJ mol~t. a) CCSD(T), b) MP2, ¢) 3rd SPT(all) + DPT(Disp-+Pair)
and 3rd SPT(all) + DPT(Disp). The reference curves are from [41] .

3.3.3 Ar;

Figures 3a and 3b are the CP corrected and uncorrected potential energy curves of CCSD(T) and
MP2. In both figures, the experimentally deduced curve and the accurate curve reported by Koch are
included.[43] There are also numerous works on Ars.[44][45] The characteristics of the curves in Figure
3a and 3b are similar to those of Ney, but there are some abrupt points of the curves, which might be
caused by the improper choice of the parameters for convergence. Because of the unsmooth curves, the
extrapolation is not attempted. The uncorrected CCSD(T) curves with apvtz and apvqz are close to
each other, and they differ from the experimental curve by about 5cm~! at the bottom of the curves.
The uncorrected MP2 curves with apvtz and apvqz are also very close to each other, but the curves
overshoot the accurate curve by about 15cm~!. Tt is clearly seen that the CP corrected CCSD(T)
and MP2 curves converge much slowly than the uncorrected ones. Figure 3c shows the curves of
the E]‘Q;SEPTJerp (all) with apvdz, apvtz and apvqz, and the curves of the corresponding extrapolation
together with the reference curves. The extrapolated curve of E317T (all)[QTD]+AEP®P[QT] is,
probably fortuitously, very close to the reference curves, and slightly overshoots them, which might
be related to the overshoot seen in Figure3b, because AEP*P is the MP2 level of theory.
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Figure 3. The basis set dependence of the potential energy curve of Ary with and without CP
correction. The energy unit is ecm~!. a) CCSD(T), b) MP2, ¢) 3rd SPT(all) + DPT(Disp)

For three of the rare gas dimers, we can find a few common features in CCSD(T) and MP2
calculations, and in the present LP MO 3rd SPT+2nd DPT calculations. The uncorrected curves of
apvtz and apvqz are close to each other, and those of CCSD(T) are close to the accurate one. The
curves of apvdz both with and without the CP correction differ from the others, which sometimes make
it impossible to use it for the extrapolation. The LP MO 3rd SPT + 2nd DPT calculations only with
the dispersion terms behaves well with the basis sets, and the extrapolated curves are a reasonably
good approximation to the accurate curves of the high quality levels of theory, in particular, if the
required computational costs are taken into account.
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Table 1. Comparison of the binding energy (kJ mol™!) of some of the S22 set [9]

dimer CesD(T)? | MP29 | MP2d, | MP2gp | MP2uncorr | By 777 | Ef s Dior
basis set CBS-CP | CBS-CP apvhz apvqz apvqz apvXz | [DTQ,TQ]
(NH;)s 1326 | -13.39 | -12.07 | -12.64 1338 | -13.81(Q) “14.24
(H20)2 -21.00 -21.05 -20.46 -19.87 -21.71 -24.34(Q) -25.13
(CHa)a 2.22 213 | -1.92| -L.76 240 | -3.30(Q) -
(CoHy)o -6.32 -6.78 -6.57 -5.98 -7.13 -6.76(Q) -
(Colls)(CHy) 628  707| 678| 657 740 7.65(D) -
a) Reference [9]

3.4 Some of the S22 set

Some of the dimers in the S22 set of Hobza et al [9] are examined and summarized in Table 1, where
the last three columns are the results of the present study. In parentheses, X of the basis set, aug-cc-
pvXz, is given. The E%%PTJFpr in the entry of Table 1 stands for the energy of LP MO 3rd SPT+2nd
DPT with the dispersion terms. For comparison, the uncorrected MP2 energy is given. The errors of

E%%PTJrDiSp and its extrapolated energy E%%{j;;rg;sl’ from the CCSD(T)cps—cp are less than 1kcal

mol~! (=4.184 kJ mol~!). The present E%%PT+DiSp tends to overestimate the hydrogen bonds in
(H20)2 and (NHs)o; the similar trend is seen in the following subsections. The uncorrected MP2
energy with apvqz is also close to the CP corrected CCSD(T)cps—cp and MP2¢cps_cp.

Figure 4 shows the basis set dependence of the binding energy of ammonia dimer (NHg)y in S22.
In the 3rd SPT calculations, the calculations used only the absolutely local excited MO (ALEx) are
included in the figure. For cc-pVDZ (pvdz) and cc-pVTZ (pvtz), the binding energy obtained with
E%SEPTJFDZSP (ALEx) almost coincides with the CP corrected MP2. For larger basis sets, the difference
of the ES TP (411) and EXTTHPP (AL Ex) becomes too small to be seen in the figure. In Figure,
the other type of basis sets, Sapporo(spk)-Xz and Sapporo(spk)-aXz, prepared by Sappro group[46]
are tested, and no significance difference in the binding energy from the aug-cc-pvXz series is found
for this example. The remarkably small basis set dependence of E%SEPTJFDMP (all) is seen in the figure;
they are between -15.7 and -12.3 kJ mol~!, within less than 1kcal mol~! from pvdz to apvqz. This is
contrast with the large basis set dependence of the CP corrected and uncorrected MP2.
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Figure 4. The basis set dependece of the binding energy of (NHjz)y for CP corrected and uncorrected
MP2. The 3rd SPT(ALEx)+DPT(Disp) is shown together with the 3rd SPT(all)4+DPT(Disp). The
Sappolo (spk-aXz) basis sets is also examined.



22 Dispersion Energy Based on Locally Projected Occupied and Excited Molecular Orbitals for Molecular Interaction

3.5 Water and hydrogen fluoride dimers

The potential energy curves of water dimer (H2O)2 and of hydrogen fluoride dimer (HF ), are examined
with CCSD(T) and MP2 as examined for rare gas dimers. The geometric parameters other than the
O-0O or F-F distance are optimized with the uncorrected MP2/apvdz.[18] The computations to draw
the curves with CCSD(T)/apvqz are given up after losing the extensive computer time, because of
the ill conversion. Contrarily to the rare gas dimers, the uncorrected CCSD(T) and MP2 curves with
apvdz are close to those with apvtz as are seen in Figure 5a and 6a. In the CP corrected CCSD(T)
and MP2, on the other hand, the difference of the apvdz and apvtz is substantial. For MP2, the
extrapolated curves are inserted in Figure 5b and 6b. The extrapolated curve of the CP corrected
MP2 is slightly unstable than the extrapolated MP2 curve by about 1kJ mol~! at the bottom. In
these figures some of the curves obtained with cc-pvXz (pvxz) are also shown. The uncorrected pvqz
curve is close to the curve of apvtz in CCSD(T) and to the curve of apvqz in MP2.
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Figure 5. The basis set dependence of the potential energy curve of (Hy0)2. a) CCSD(T), b) MP2,
¢) 3rd SPT + 2nd DPT(Disp).

Figure 5c and 6¢ the curves of E%%PT+DiSp (all) are shown. The extrapolated uncorrected MP2

and CCSD(T) are shown as references. The shape of the curves near the bottom are slightly different
from each other, but the binding energy are all within lkcal mol~! of the reference. One of the
important findings in Figure 5¢ and 6c¢ is that E%SEPTJFD“p curve with apvqz both for (Hz0)y and for
(HF)2 overshoots the reference curve, and the equilibrium bond distance is shorter than that of the
reference. The similar trends are also found E%%PTJFDZSP curve with apvtz, though it is less than with
apvqz. The hydrogen bonds in these dimer are strong, and the CT contribution to the 3rd order SPT
is substantial. The separate evaluation of the dispersion energy assumes that the occupied orbitals are
not deformed by molecular interaction. This assumption might be broken when the CT contribution
to the wave function becomes large. Careful theoretical and numerical studies are further required,

in particular, to make it clear why the error becomes large for the extended basis sets.
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Figure 6. The basis set dependence of the potential energy curve of (HF)y. a) CCSD(T), b) MP2,
¢) 3rd SPT + 2nd DPT(Disp).
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3.6 Hydrogen fluoride clusters

The hydrogen fluoride clusters (HF),, form a linear chain and a cyclic ring,[33] and the hydrogen
bonds in these clusters are very strong; the bonding energy per bond of the cyclic isomer is larger
than the averaged bond energy of the same size of linear isomer.[22] Figure 7a and 7b show the
basis set dependence of the hydrogen bonding energy per bond for linear (HF)s and (HF)s, and for
cyclic (HF)4 and (HF)5. The geometric parameters are from Kamiya et al.[33] Without the augment
functions E%%PTJFDZSP are close to the CP corrected MP2. The plots for both the CP corrected and
uncorrected MP2 display the irregular points at apvdz (aug-cc-pvdz). On the other hand, the plots
of E]?’B%PTJFDZSP are less basis set dependent for all clusters examined, including clusters other than in
Figure 7. The figures, together with Figure 5¢ and 5c, suggest the possible practical use of the 3rd
SPT + DPT(Dispersion only), E%SEPTJFDZSP , with modest sizes of basis sets in the study of a series of
large molecular clusters.
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3.7 Ion - 7 interaction

The atomic ions strongly interact with the surrounding neutral atoms and molecules in solids and in
solution. Because of the coulombic nature, the ions influence the long-range interaction. In some of
the ionic clusters and in the biological polymers, the specific local interaction of the atomic ions also
play a key role in determining the structures and reactions. One of examples is the interaction with
the conjugated 7 electrons of the aromatic molecules. Recently, Frontera and his coworkers [47] report
the computational study for benzene - M+ (M=Li, Na, K) and for s-triazine - X~ (X=F, Cl, Br) with
the MP2 level of theory. One of their finding is the erroneous behavior of basis set dependence of
MP2(full) energy with aug-cc-pvXz (apvxz), which makes the extrapolation (CBS) energy improper.
They demonstrate that if the core electrons are frozen in the MP2 calculations, the erroneous behavior
disappears. Further they examined the basis sets, aug-cc-pCXz (apCXz), which contains the basis sets
to correlate the core electrons, in the full MP2 calculations, and then, as expected, the smooth basis
set dependence with and without counterpoise correction is found. Using their geometry optimized
with the uncorrected MP2/apvdz, the LP MO 3rd SPT+2nd DPT(Disp) is applied to the ion - 7
interaction. Though in our calculations the intermolecular correlations are evaluated in the "full-
electron" option, no erroneous behaviors are found in the basis set dependence of E%%PTJrDZSp . The
energy at the 8th row in Table 2 is close to the energy of CBS(full) (apCXz[D-T]) which is evaluated
at a slight different geometry. In the table, the calculated dispersion energy and the CT energy are
also given. The CT energy is defined by the difference of E]?;SEP T gpLEM O in the previous work.[22]
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Table 2. Comparison of the binding energy (kJ mol™!) of benzene - M (M=Li, Na) and triazine -
X~ (X=F, Cl, Br)

molecule | Benzene | Benzene | Triazine | Triazine | Triazine

ion Lit Nat F- + ClI™ + Br—

Exper | -160.259) | -92.477)

CBS(full) apCXz [D-T] P [ -161.50 | -104.35 | -50.00 | -36.23
CBS(full) apvXz [D-T] 9 | -178.41 | -148.78 | -55.77 | -42.34| -48.49
CBS(Frozen) apvXz [D-T] 9 | -155.52 | -93.22 | -50.79 | -36.07 | -37.74
Ey TP () apvXz %9 | -161.75 | -103.65 | -55.09 | -30.97 | -26.36

AELT =P apyXa ) 141 160 | 2231 | -23.95| -24.59
3LP_SPT 4.0)
AEY apvXz & 8.31 063 370 232] 237

a)[47], b)Geometry optimized with MP2/aug-cc-p C'dz [47],c)Geometry optimized with MP2/aug-cc-
pVdz [47], d)Present results. X=D for benzene-M" and X=T for triazine-X ", ¢)[48], f)[49]

In benzene - M, the dispersion energy is very small, and the CT from benzene to Li™ has a small
contribution to the bonding, but it is a minor part of the total binding energy. In benzene - M™
the interaction is mostly the electronic polarization of the benzene molecule. On the other hand, in
triazine - X7, the dispersion energy is very large. Without the dispersion energy, the proper binding
of a halogen anion with aromatic molecules cannot be described. This has an important implication
for the computational study of biomolecular systems containing halogen anions.

Further Discussion

In the above test calculation, the severe restriction on the configuration space in the 2nd order double
excitations is imposed; only the dispersion type excitations, except for Hes, are included in the wave
function. The intramolecular electronic correlation in these calculations is changed through molecular
interaction. The occupied MOs are deformed through the polarization interaction, and the charge-
transfer (or electron delocalization over the constituent molecules) changes the number of "effective"
electrons in the constituent molecules). For more accurate computations, at least the change of the
pair correlation through molecular interaction has to be evaluated. It is not a simple task to keep the
consistency of the configuration space in the supermolecule type theory. Because the many-electron
configurations are constructed from the molecular orbitals, the consistency of the configuration space
of the cluster and its components is related to the consistency of the orbital space. In other words, CBI
is coupled with OBI. Keeping in mind this difficulty, we have to look for an appropriate theoretical
tool. The present rather simple procedure can be the first step.
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Evaluation of DASH and Hand20 Score before and after the Operation
or Steroid Injection of Carpal Tunnel Syndrome

Katsuyuki IWATSUKI, M.D., Shigeru KURIMOTO, M.D.,
Michiro YAMAMOTO, M.D., Masahiro TATEBE, M.D.,
Takaaki SHINOHARA, M.D. and Hitosi HIRATA, M.D.

Department of Hand Surgery, Nagoya University Graduate School of Medicine, Nagoya

We tried to evaluate the treatment results for carpal tunnel syndrome using the Hand20 and
the DASH-JSSH Questionnaire.

Between 2008 and 2009 carpal tunnel release operation was performed on 50 patients and
steroid injection into the carpal tunnel was performed on 13 patients. The mean patient age
was 65.1 (range, 39-85 years). All patients were evaluated before, one, three and six months
after treatment.

In the operation group the mean Hand20/DASH-JSSH score changed from 46.9/37.8 to
51.4/40.9 (one month), 34.7/30.5 (three months), 28.1/25.4 (six months).The mean pain score
changes from 5.47 to 4.44, 3.42, 3.08, respectively.

In the injection group the mean Hand20/DASH-JSSH score changed from37.7/37.1 to
30.7/28.1,33.5/36.4,31.8/32.5, respectively. The mean pain score changed from 4.62 to 2.55,
3.30, 4.22, respectively.

Surgical treatment for carpal tunnel syndrome significantly improved the Hand20 and the
DASH-JSSH scores, otherwise steroid injection didn’t improve the Hand20 and DASH-JSSH
scores. Steroid injection significantly improved one and three month pain scores after injection
but did not improve six month pain score. This shows injection treatment is effective for relief
of pain for three months but the effect does not last long.

Key Words : Hand20, DASH-JSSH, carpal tunnel syndrome, carpal tunnel release, steroid injection
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The study of molecular simulation for systems far from equilibrium states adopting
an empirical multi-scale molecular dynamics simulation

Yasuaki HIWATART*

Computer simulations are a very useful tool for the study of systems in equilibrium and may be
inevitable nowadays for the study of any material. However, we know that computer simulations can not
be applied in the right way to any non-equilibrium system if it is far from the approaching final
equilibrium state. The problem mainly comes from the difficulty to choose right freedoms, in other
word the right model to represent such processes. Since any non-equilibrium process should be
influenced by the surrounding system such as a heat bath in a canonical system and hidden freedoms
like foreign particles which play a role in the heat conduction of the non-equilibrium processes of our
concerns. For such problems it is nonsense to consider so-called first-principle computer simulation
which assumes to take all necessary freedoms into consideration, because it is practically impossible
except for very limited cases. It is therefore needed to find an effective way of the computer simulation
of systems far from equilibrium. To approach to overcome these problems here we propose multi-scale
molecular dynamics simulation. As an interesting example we study the process of production of
Fullerene molecules from carbon gases. This process involves chemical reactions and aggregation of
carbons as well. It is practically impossible to simulate this process in molecular levels, due to the fact
that chemical reactions and the aggregation process are in principle multi time scales. Also, the energy
adsorption and/or emission based on any chemical reactions (changes of electronic states) causes
serious local equilibrium conditions because of energy supplies for it. Another example we study here is
isomorphic phase transition and melting of solid alkaline metals like cesium in high pressures, for which
so-called the melting curve maximum (MCM) takes place. The origin of the MCM for solid cesium is
the result of the change of the most outer electron orbital, i.e., 6s state in low and medium pressures,
while a 5d orbital at much higher pressures, meaning to be a smaller size in radial dimension than a 6s
orbital. Therefore the transition can not be simulated by any classical molecular simulation with a given,
time-independent potential function. Instead the interaction should depend on local states, dense
(equivalently to a high pressure) state or non-dense (equivalently to a low pressure) state.
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4. BEXHE
[11 Al eral, HE3MGFRFEREEE (2009)
[2]1 %W eral, #2305 T> 3 2L —2 3 > imAitiiEE
# (2009), 108
[3] Donald W. Brenner, Phys. Rev. B, 42 (1990), 9458
[4] Y. Yamaguchi et al., Chem. Phys. Lett., 286 (1998), 336
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PART 2-2
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4. BEXH
(1] AU eral, #3WGFFFitmaZE (2009)
[2]1 Donald W. Brenner, Phys. Rev. B, 42 (1990), 9458
[3] Y. Yamaguchi et al., Chem.Phys. Lett., 286 (1998), 336
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SEXE
[1] D.A.Young, Phase Diagrams of the Elements (University of
California Press, California, 1991) pp.70-73.
[2] H. Ogura et. al: Prog. Theor. Phys., 58 (1977) 419-433.
[3]1 J.N. Shapiro: Phys. Rev. B1 (1970) 3982.
[4] Y. Hiwatari er al : %1#6F78 18 (1972) D1.
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Breaking of Orbital, Spin and Charge Symmetries in Chemical Reactions (3)
— Electronic and Spin States of CaMn,0, and Related Clusters in the
Oxygen Evolving Complex (OEC) of Photosynthesis I (PSII) —

Kizashi YAMAGUCHL™* Tohru SAITO,** Hiroshi ISOBE**
and Shysuke YAMANAKA™*

Broken-Symmetry (BS) density functional theory (DFT) calculations have been performed to eluci-
date electronic and spin structures of manganese oxides that minic the catalytic site of water spiliting
reactions in the oxygen evolving complex (OEC) of the photosystem II (PS II). UB3LYP (DFT) calcula-
tions have indicated the triplet instability of the high-valent manganese-oxo bond Mn(V)=0, giving rise
to the HOMO-LUMO mixing that brings about the significant metal diradical character (MDR) in gas
and nonpolar phase: the MDR character is the first key concept in high-valent Mn oxides. However, the
MDR property of Mn(V)=0 decreases with participation of waters because of hydrogen binding inter-
action, entailing electrophilic character. This labile nature of the Mn-O bond is the second key concept
for theoretical understanding of the chameleonic (biradical/electrophilic) reactivity for the oxygen-
oxygen (O-O) bond formation at OEC of PSII. The artificial symmetric cubane struture Mn,O, tends to
undergo the homolytic (O--O) radical coupling reaction to form the O-O bond because of lack of ionicity
(O+ -0) via symmetry breaking of cluster. On the other hand, the native CaMn,Os cluster in the OEC of
PSII is regarded as an unsymmetrical cluster formed by doping a Ca(Il) ion to Mn,Os, exhibiting ionic
reactivity that is enhanced by the participation of water molecules. Thus the nature seems to like a O-O
bond formation, namely oxygen evolution, in a mild condition without formation of active oxygen radi-
cals. The broken-symmetry structure of CaMn,Os plays a crucial role for introduction of heterogeneity
(reduction of biradical character) at the transition structue of the O-O bond formation. Thus breaking of
cluster symmetry by doping is the third key concept: namely conversion of Mn-oxide stone-like hard
bond to soft (labile) bond by chemical doping of other ions such as Ca(Il). Thus three concepts are
emerged from theoretical calculations.
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Bhit (SEEERE) 48RS (53 F4AR8) (PT2, DFT)

ZARMEEZRO PO BEFERELTUL £3. 28T
AHHAER %2 P39 U C—RBEIZETT T 5 P8 (11K)
AR & %, & 71k % T id Hartree-Fock (HF)
rfiE (MO) A Z ORER TH S, HEMOEE T
. AT OBRE AR T 5 MO X Z O\
MAMTD72012% 2N P hrnER (B 2 IXRENL)
T AEMEZ R T Bl 21X PSS FHE (9o)=6B))
PRLEDZAVC Y MONELZBITLLI)ICERT S L
(w@)2yB) B BH A MR LAY UHIMBIL,
HEPDAEVEEOW (Pt ) PRI
I BRRENFTH LLIBEONL, ZoOYEDOHF MOM#EY
% o A 3# 1d spin density wave (SDW) IR & IO,
AY VEEY REMBE RO -0 O FER L i
o —H ALERDONEIL, RRAY VEEI NS L
CAHTHETHAIRNE—FEHREBIIBWTS FI&x (1)
BLUTME (1) AEVHEESHTRSL DT, SDW#
?» Z & % Broken (Spin) Symmetry (BS) fi# & I 5854
%o BSIIMLF DB 7 VAN (T--1) K
VT AN (el deees) IRBIHHBLTwb, L
ML, BTHBEOB A 51 SDW D % W IZBS fi# 13
PR ORI T RIEHEME GRAHBEMEER) %
WY AATHZAS, By CEHBEE) HIBE OG5 5
52l FYNNIEDEHALZ ANV F - LD
EREHIIZZORREZET 2 LEND L,

Wi, BB % P35 o n B2 8 2 T 9
CEEEZEH, F0LOIE. T, FESEMTO
—BFHEDOEI I DI A F N-FWHBICES L
TWASTHEZET LI ENHMHED L) BSRHE
A Y VT S EEORE L BUCHIREZ RS 2w T
H B A B 5 2 k55 %, L2arL. BSHEO &
T TR ASHWEEZR 0T, BSHL VRSN L —REE
TH AL LT #r L < H A BIRD R & b A
% (renormalized) %570 THELZ KDL, Th%E
HARBLEMRAT & S, HONAMO%ZH L < HAE
(natural orbital ; NO) &S, ZOENTO XY v Mg,
NOD AL (n) BEHNB I LT, TORKEEDSHE

MABEICEG LT AHEBEOHENHONEZ L TH
%o SEAHBIE T RITLE MR/ O X ) IS HHEIC2
TAS>TVEDOTIERL FIBT 2 AEEEPEICD L
ABIELTWDLZEDREHTH ), ZORE, nDflZ0 <
m<2%WH LD, ZOWERDZ &% complete
active orbitals space (CAS) & 5 9. LI CASIX
Labile (& 2\ IEF5H0v) LA ORLBIZH SN
%o —77\ FHMBIEFRIGHAENE (b2 VIEIERKE
PEWLE) CHRERTILDOTEDEARIE=2Th %,
SIS OWLE % PIRRLE &\ S A LIS IEEN R
AR T 2 HEN S Vv, 72, BTIWRELEALT
WARWHE (h=0) 2EHELE ). TOXHIT. £HE
TROSTHEILEAE (n) T3 7V —TICH5H
Hkz, AT TICEM~ v 7 VB RE - £ 4
75 A% —®OBS DFT (HEILMEE) Sz EfTL. 2
DAL L ) ARILE L HAEE () ZRKDTW S (K
1-3%0) .Y
CASHLERICHB SN ETIEHRMBELT 20
T, T TIREEBERMEEM (full CD 217w, &
MR EZWY A2 E2EZ D, ZOFFE% CAS-CI
#LE9. CASCIETHMT A2NOXFET 2541
(UHF NO=UNO, DFT NO=DNO, etc.) & L. I
z1¥. CAS-CI (UNO) & #EBl¥ 5%, —J. i3 %NO

( )

MR-DFT

(A) CAS-DFT
AP BS DFT

(B) RDFT

(C) MM
- J
B ETHNOSEIC I 5N (DFT) 05K
(A) BHMETR. (B) HHNETR
(C) BTN (HIFR)

4 )

MRS-DFT
TD MR-DFT
LR MR-DFT
QEDM MR-DFT
\_ J

(D)

R 2 wEPNMEE (DFT) #1230 ko Fov F — 5k
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space

time
F3 3WEyIal—varyyATa

(i) (A) MAIBYE TR QM Alss

(i) (A) 12hC (B) SAIEF RO, (C) 5 H MM

o

< VR LM CROEIL Y 58541213 CAS-SCFiE L 5
Vo TOWHAITIE. AT (HF) FHEICEE L72NO I
IHAEE T RGERAKF 5 2 &2 %, CAS-CI (SCF)
FHAIL Y L2 8 2 2 5D o o HIEI T B 5 23,
FRTHHPBCASZEHTOERTHMEZ LAY AA
TWAHIZTELWVWOT, ) OBNETFHEZ EET 5
VDB Do BRI LTV LB 2 T At
FICIE £k (CLik) . #HEE (MP2, PT2). #4&
759 A% — (CO) EhENdb, itoT. INHDE
HomFH (ZHEEK) O I L T, MRCL
MR MP2, CASPT2, MRCC., CASCC7% & ® T H
BohsZEilhb, 22T MRIZZEESIK (Multi-
reference) OWETH VD, WMHBEET R%E L EIE (CAS
FZZOHTEELRDLDEFH) TRHAL TSI LEIR
LTWwb, REFEDHEEHGLOY A MIH D LI I,
FAIEIBSIHELEINOMREZARY 7 I A VRICHH
L7256 % FEANC I U 720 LR oo CAS Z2 [ o0 IR
T HR/NROMR 2/ % #IRL T2 DT, CCHETH
AR 2 B AL LEEAH ). —HPT2EEL NV TER
2RO AL AT MRZERMZ TR E & BB
HLEZENPHHLZ, L2L. INHOMRBYFEIGIE
BN S VRO EREERHEICHE L T 25 A
TRHRETHERRE EOERRIGHESIBAED L Z
AREETHY . LML TEELEL T 5,

T CICAERR R EOPRERWEIICIE. Biko BS HF
MOGHED D Y IZRFED T =< TH B [N
noJiE: | o—f<Td % Broken Symmetr (BS) Kohn-
Sham (KS) %N (DFT) 4 5% L fibh T
%o TOWAEIZIE, BIRABIRIRIZDFT BT 54
MR TIMYATNSLZ EIZ% %, LA L, BSKS
DFT & Tl B 19 A B 55 45 12 KS L3  Broken Symmetry

(BS) ZHTMYIATE &% 2%\ T, BSHF MO
FLRBEOEMB LAY v o m 74 T
(MO) %52 %, #t-> T, BSETIZHF# & DFTED
NA 7)) v KL RETH Y. Hybrid DFT (HDFT) & I
EFN T3, &512, BSDFT#: DM % i o 72 77 i
2. ZIREHEZEE (MR) & % \WIdCASIZH#E L7
DFT#:4 % 5, ZOY& % €21 MR DFT. CAS-
DFT & 59 (K1),

PLEDWERENS, VA VBt SAF—DEH I
RN O LB BB SR RO HV Tk, MIBLY
TRT I, BTHEICS LW ET-RD5E 3
RHERTHOPHNTHH I dbh b, ML, WET
% (A) 1213 CAS-DFT, MR-DFT & % W id ¥ 4 X A%
KRELTRUEZH VWY AI21E (AP) BS-DFT % 3# i
L. BT 73 /B4 EOMBRRIIEM® (restrict-
ed;R) DFT (RDFT) #a @i L, & 5123 Bay ~
N BB T (MM) R AT 3 2
L—2a VI AT ATHb, COVATARYLLED
JhE 2 & E 2 WERERIRBICR AN TH L EE LD T
72y x O3BEREITFEIZEERES O ONIOM O % 2 )5 &
FRZD, HETETHBICIZBEOSETH L S
LITERESIN (F3ZM), ONIOM i Tl At Sias e
WX DT RESEIL, RRERRICEES R E, AUS
JERMEICIE 2R %, L) ZOKE S99 0k
I SN Twb,

FHEBRD L )T AV F =2 FH kL 8612
X, CAS 2 & ZEHLE D BT H 2 v i B 88 A
5 ZEHLENDE LR H 5\ I3 FHRBRELE D S 228~ D
BEIROIEEICR>TL b TNLOETRROPT
b —E Tk (single excitation; S) DA% ZJE 3 5 CI
#% MRS-CI &£ 59, fit->T. MRS-CI % Z BB HIZH
0. FRATETHE%Z DFTETHRY AL T % MRS-CI
DFT (& % \ IZMRS-DFT) & 5 9. ft-> T. MRS-
DFT#:id. TALVF— L RLVOFHEIZOAICRET N
1¥. time-dependent (TD) MR DFT i (TD MR-DFT).
W It % (inear response ; LR) MR DFT# (LS MR
DFT) R WM& AE = % L ¥ — 4t (QEDM NR-DFT)
CHIS L TR, M2IC&MEZRLE” Zreldoh
SOFMEEE AR T v 7 RO FIEICET L Tw»
BOEENZE Z 2 TIREWET B

22 REBRREFOOEEEHERR

GOIZIRA72 & 5 I UGB I BEENE T - 72, Bl
HETHRKERD & Eh R VR THKDOEHT 5 F 4
=— (WRROEA) EZORYICIZEERAEWEN
PIAET B0 Bokiid, 7 A8, HidbAkE, K& 8%
AF VRV AT UVHEETHY. TOmWEIX
350CICD A5 HENEC-OIZHBIEL v, ok
BRI T AY —DF 23 HERE L hollandite &
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9 85 W [Mn,CaOo3H,0] D i & F MR 8k - 4 4
AFedS#R D ¥ 23 U HE1k & greigite[FeS4] [SFeS12 ®
R SEFELTE DS HE RN D 2 & DHEW) DR & OBIFR T
HINT, MBI DD o 7o KiEDEYIZ
CNHBEKRPICE TN LYY %ﬁ?ééﬁ%f
HBHTLDBbhPoTnD, EE, O,z BTZHEKEL
HBETHORVHIR SR E NS, 20X H 12, FiGHER
REOWRIIIIET i%ﬁ%ﬁ?f@%%ﬁmﬂ DxF
RICBDHESZLED o T, WERD40EEDE R O
THEFIEENED X ICELLTEhnF 1 —K A
FThHDH I ENDLLST MIFIE O, A A o 72 &
FIUE, BRI R CICAEE TS mﬁ%%#&@ﬁ
JETATPZAER L TWAE I EIFHEHICHET 5, 6213
7T ALEW R L U AR L TWw b,

H,S — S +2H" +2¢ (1a)
CO, + 2H,S — (CH,0) + 2S + H,0 (1b)

FIGHIAIZ C ORUBICHZ DT 722 E2 52 L S WHET
B %o BUTET AL R R KL AL MR B R 722 & oot
Gﬁ%%i@@“i%t%&b&wtﬁm%ﬁofw
o =N YT IR FUTOHRMIE HSODb DI
mo%k‘MLfC@@lmm¢Am®Am b)) % S
L7 L22L, COMETERLZO,0TI3EHETDH
Dy N FE TERL T2 BT B R ISHM L
FEEZLNRTVS'Y L L, —F TR0, 2 fismc
P BT &) FREZMEE L2AEM AT hi,
HEEME OB TH 5, T LI, BUETIZEME
EETLHHERIETHVMONTE Y B L AW o B4R IZAH
BHPEL SHBET TR ITDbRL DL EDbN L,
1970 FAR DA, B EME 2 A L2 b
DRI 2 o T &7 X510, EBMILIRO L D oM
eIzl oMBEAs A D AA THIRBNIEAICE DA h
2w [HAS ] LR L7z MM omhicd 5 5
FAROMIE I ERAEDLERME., 2D, TN
sF)TThLrEELLRTVWS, Y I rav Yy
& BRI L XN DNAD S TR CTwb Z vt
AEROBRDO 1D TH B, Ll EEMEOZ /) A
DNARY 7 /N7 F Y TICHBELTZDI05D1TL
MR\, e R L2 5 7 Y X ORI
KCHABLTIZEI)I—FREINTVE, dEdEY
TN T T A L8R T Z N L7
EEZLNTWS, BT, K4ITRT X H ISR
3% < OFEBEHIEIC ;bihéhfwé Eﬁw;t
2 = FF =D HWIZ f@hi%éﬁ%&#
Kﬁ%éhé;k%b#of%toﬁx \kﬂ/b
) 7 OFFOUFRMEACH R AR IR (A E)
RO R A ML () TRV AFhizEBbh
HDCTH5b, I bay FY 7k, BEAEMIAAES %M

JagsE Ty T VBRI EOIFRILE D S5 Ev 72w
IANF—BTEBEMESELTLICL D ATPZ AL,
RAIICIZO, 2 HOICEILT %0 I PI VY FY 7I2IE
SO (BMEE) & 2O NRIZ 6-8nm 72 T TN AT
Hbo ZONNDOILICHF N2 BEREE V) —
5. WIETHE A< M) v 7 2L XIER 5
7 T VBB O THETT S, I v F o
I, I Fa v FY 7 TRNENSKEA F HET
R & D BERERIC S A S, BEOE L o2k
FAFTVHNEZNTT M) v 7 AZHAT S E VI
ATPSEE SN 5B, KFICEBFHEEF U XS ITKEA
FYOWAME Y ATPAER ShEE 2 505, "
DX NHEARI ANV T —FHIITGER T AT L0505
CHGLTwa, £9. BHEY AT 2O LNERE
BAEED RS FDY AT AHEE & BERERBLIZOWT
ERT b MAITRT L) IBERAED X, FISOHREE
HEULHEEWICER LT, TRREBERSCEEY] &
(R IEFE ARG AR AEY | TR SN D, BEIZER
M IR A B & I TR 75, ke i B0 e~
VAN FITHRED TR LKA, fkte RV 2
EONBIIGE I NG, —H, MBETTI/INIT)T

EFEY) - B

/7"/”77—-'}7
F‘E*ﬁﬁﬁ
BREER
HRFRED

o#y
e-

TEEE ﬁevﬁmﬁ
BERREE \\ // A FITF YT

iy

/2

/
IBRANESREN
B BAEY D R HBR

4 EHEBROBEBICT T 2Ny 7Y 7O X 58k
RO
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e EOFRRE R SRR AY L FRE RSN
BMAEWIITEEN L, TS ORERIE, G R PSI
EPSHOEFFZREZFEL, H0 b ELILk 2 mwigt)) %
RTZETHY, ZAF—2LEN D,

RIECE RO G2 N TR TEIHT 2R ADPEAT
H b, NLGEWRORERE QOMELDON—IN=FK a2
BB E N B2l R OMETH L) BT
AV F — AR E ARG 2 2AKETH % 25, Hlig
TEIZAVF—-lELE LT ESATPEH VT W,
LAl TANVF—@BEENH)HTDOAL SIZMMOYE
LW 7o A TERSNEH, EWFHR TILATP AL
FIANE—ZRIET B2 DIALFCRETH Y 2
DREICTANF —BEHEE L W) HEE O -1
T B2 e Z 25N T W5, ki, V) Y RILEW
Ohbice y JMEEWE VL EWROWMED D - 72
BEIBHENTH B L) TH 5B,

23 KOBERMEETLHBEHD EE

ST, MI-B3ICRLAEHLERED L) ICm T4
RAETII T B BB EL RIS, < v VR
L& X B AKRORRIBICHT 2 EBRILE 2 £ 2 5,
KOBLRSEDOYEFEBE Z 2 B S I,

7/ — K H,0 —2H" + 1/20, + 2¢~ (2a)
HYV—F :2H +2 —H, (2b)

TdHbo KOE(OYR), Bl H4H + O, + 4e =2H,0 7
Ot 2 DFEHEEMIE1.23V TH 555, ERIIHAKDY
B5VETHELEZ 2T THERIIEN R V. o T, A
PR BT TRBMRET ANTUGEZRESEL 2 L
PUETH L, BlzI1E BILER (7 /— FER). 7%
bHEEREEICHE ) BRIE, BETIZ 14V THIGD 5
DI LT, 7IA ) O TIZ0.6VTH HIED 5, H
L. Wit d 54y — FEIE (H5EICHY) Zehth
—0.2V, 1.0V TH % D TRDOBIAIZ LT 2 BIEIEpHIC
R 1.6V (123X 0 AL KEWV) TH D, BEKY
4 bTIE, BEEMOPDL YIS A VB 7 T A
Z —HIKDGHRFE % 4T > T B o AR T-fili Mn £ )% O
E°(Mn(ID/Mn) fE1Z-1.18(V) TH h KEML I N T
WIETH D KOGREIINE R\ = v A
T ¥ OBALED AT BN TBILIZ AT 5 F
= U B VB DML D EEE RS,

Mn(II),0, + 3H,0+2¢ =2Mn(I)OH, +20H E°=-0.25

Mn(VI)O, (aq)+e =Mn(V]) Of(aq) E°=0.56
Mn()O, +2H,0+3e =Mn(IV)O,+40H  E°=0.60
Mn(Il) +e =Mn(II) =151 &
Mn(V)O, +4H" +3e =Mn(IV)O, +2H,0 E°=1.70
Cl,+2¢ =2CI" E°=1.36

WBEDOEFEA T Y OEIE, AR A S OiERIEAET 1

MI2MDCL A A Y HHFIET 2D TEDEfEL R L7z,
LXK D, Mot A RS04l 2> & A IC F TEE 5
LIZONTAPLETEGIERSBILN B RT2 2 &
Wb, MERYA MIHFET I T I TAY —
DAL RA VIS B WIENiEZ2Z 5N TWBED
Ty BAL 28R Lol £ 7 v & L Coiesssl
DDICHKIZ4EOMn DO R ELEER 7 T A
F—iEEEFHLCWD EEZ N, i, BERER
RO EPAEO B TALFEIE TN D & 9 12% - 7205
WAt T EAL O — B EH AR = AV F—0
REL VDAY 712k oTWnh,

< W kR N TR A A M T A%
S OMFFEFIC L DI ET STV S, BUE
% L OFEFITIIHSEBAMEH ST 2%, JCREME
I &) B2 EROBHA»LE L, HorTid
Ry S EAFIHTENITRVD, BRI VI v %2 #
RLTWB, LA L, < F EEIEHY v A3
ThY. NTHRTIERuZ & D8 JHWER &R AT
ENTWV D, ERROIGRE R L A LROZEHE
SHIEAVLTIEFENWTH S,

24 HERVA BT HY9FAE—

AW ¥ AT KK B KD OBERAYA b
WIEMn 42 SRR STV LML 2 5 2 7 —hF
L. ZOMicCafd vV SHFELTND I Ebho
T2 (CaMn,Os & &) A5 Z O XMk i 3% R T
EAELETH > 720 20044 O I ;i T Fereira 5 12 & 5
Fa NV T RY —O X ED R S WIEARREED
P Sl Bb N Kb & 0 el At
PEEINTZE BTV H o720 I D KD
RIS TH LD, RAKDHEERMBEBNEETLH S
WH2rboTEL R Twhhrot, £ L TEIZ
20104F 2% » T o T A Y — B IL—MEBE TNV — T
X0 1.9A O 5B TR X 2000 M L E oK ASR 2 72
b Tdh 5" KGRI IR X 1Kok 4 4
INVEIFIENBSEBDOAT v TSR Eh, 4D
photon DRI & HE L TMn 7 T A ¥ —O—ET LK

2H,0
2 H* +e-

0, + H* S4

State hd

\Y
X5 KBEGIZ X K5 FEFE (Kok¥ 4 7 V) CCHR27 22 551H)
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JEASATERT Ly BRI UUT O RIS A5efE T 2,2
2H,0 — 4H +4e + 0O, 4)

1MW TIEFZEIRETNWLINT, 7uu 74
VB REMNZ A - #E LWL Fay g
AN Yzo) TH—BFBEHH v 7V L Tw
%0 Mn7 7 A% —HBMETFEILE 272 Kok 4 7 )V
DS, REIIX (4) OIS % TS 27200 Lh %
BHLTWDLEFE X5, BUEMBEL o> T b DI,
H,0 % M1t9 % 356 O Mn itk H o Rk & B TIREAT L
DEIBLDTHINEVIHTHL, TTIHELLD
FMMEIENEIT ISR TV A2 FRIZRT X912,
(A) EME 2 —Bo~ v 7 v+ F V5 M=0) (K6
D) EEZBEEL. (B) O~y FrutF Vil
45 (MnO,Mn) (F6MD3) £ E 2 BHHEITKINENS,

i /0\ 0\

|| LM ZMnL L™ Mn L

Mn ~N"“Q ” [2]
L

(A) (B) (©)

(C) OHIE (B) DRZELT (A) OHF 4 M A L7z
Lb#x2 5N 5, BUEE TOSiegbahn & ' % JEHHIZ 4T

Mn=0 Mn-0O-Mn
1 2
0] (0]
~
)\An/ Mn )/In/ M
O/ \O/ O/ '\O
4 5

~J

8

N O RIZ, MnA F ¥ 2585 Fliic % %
EMERETIIOTIANE (FFIN0O-F DA IVHE)
MHEE IR Y, 5V HNVROBEFE—BEREA LR 2
HEWH TF Y FTHRHKS,
BRESEAFVE (Mn(V)=0) 3@ D5 7 E
HTIEIMnBEEMO3EHEAOBEITFHINL Z & X
DRERETH Y. AHRILEL OIS Tl —BILKE
(CO) DIFEAEGLEBTNTH D, FEBa) v XK
Ewvbit s Mn-O# A BB (1.55A) %% Mn ¥
VEMABMILENT WS, L. ZOEKD OSHEIZ K
Vo — . Mn-O#EEHHEEDE W (1.70ALLE) © Mn=0O
bond TIZHOMO-LUMO ¥ % v 7AV/hN& L &Y, =&
B AR ZZ 2 E b W2 ) HOMO-LUMO i & A5 2
D QUIEEB NGB, AWK Lo 726
BIIMnB L OBEF A MCERZERRELT S L1
B0 ALEMICIE AT LES VAL (Mn 0) »
HEPKRT %o HIETAMn (V) =04 O 3 HIFAZL
FEEECIT VAN LI BT OEEW X, T TIC
1986 4E DL TH 4 DRI L 72 ) TH % 29h AW
A MORISEEZZZDLEECOENTH L (B 21,
Mn=0 ® C=C2 EFEEH~D T J H VA o'

L LR S. KOGFIEIMOIKGTF DA T THEAT
LTWwWabZEexEETE SYDPMEME DA+ >
PR CHET LTV 2 REED T ER RL Vv, AL,

A

/O

_ DM/O\M“
<

o

K6 i~y I Ay —OFHHEE
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(3) —EW~ v H 7 ITRY -l L ETIRE—

Mn=0 & % \\ 13 Mn,0, D O 5+ 55 O BL7E + SOt 1%
(SE,) Z#HEMRT LV THb. ZOHEMRT 5512
FArDZV—TTHHADEFTNVRTOEE2FAT LT
BT TR T LIRS FOMEIZE ) Ma(V)=
OMEDT T ANENHEEZEIIHRDT LI Ebhol,
—J EBRCHEL DTN — T~ EHMRET L
AL, TORICERE G LR 990/ 8
BFRICEOW T OMREENRWZEN TS, o
To BN T V0 VI Z €= WICEHG§ 5 L EEH
TTL 5. 4. Afk%R, %?w%®é%&é%%
B, BEERAOMFZEDSHEEIR L, Mn2 9 A% — 12X BKD 4y
7O AOERVPMHEINL DL EDbN S, KT
XE5BOWMIEDT=DICEERE~ AV 7 T A5 — O
FEDREPNZ DOV TIRAR S,

MDR(Y)
F s
High spin (HS)
100% [~ ==~"-"""""""TTTommmmmmommeommeeee
Low spin (LS) RC
\ mechanism
Electrophilic intermediate
mechanism correlation
0% —- regime

»
>

environmental effects

R®7 Mn(V)=0#4&0EF A0 (MDR) &BHEHTF (QREERK
DOEN R &) 12X B2 (CHk28)

3. BRREYCHIVFZXE2—-D
BE & R

31 VIR —EBEICHETIEENEER

KOIGT AN F =12 & BHFE L IKFEAND RSB EAR
H—E B2 RS CrRFESIND X5 ICHMIC D $ 7281
DIANVF—HEEOMHETHHMO THEELRT -V TH
bo LMLEDVL, EERRICBIFLIMBERETA FTo&
FIIVWFLICAZTETH RN, 22T, R~ T
YU IR =D TRAY —REEICHT ARB LMD
%o MMOEOEBERAEMN Y T A5 —DORFFEIZDOWT
\Z Christou & Vincent |2 & 283435 2. = ClzM6
WCFDO—EeR L L) ICEBRE, XU ML B
di-u-oxo B~ > # WAL, tri p-oxo~ ¥ A ¥ ZREEEIR
DOMn-Mn JEHE & AR DOREEITR I N TV 5D, Xl
RE & RAT ST LT e WIREIZ 1X, EXAFS 72 &40 5

INHDT T AY —OWEREIHEE SNz, 20094 F T
RN ZI A Y v v TRy — DL L
TREINTVZHEDO L2 TH, M6DS, 9 HFITIE
HEhT&Tws, Zhoofididshsnh, ur Fr
1 (Ferreira 5 0 X &M S AT OFEH) Y v 1) o B
% (Loll 5 0 X MHEE N Of ) EIIER TV b, 2
NODOMHEIZF 2N VBEZTCOPHFETH L, —
H. EXAFS OB L DRESI N2 F 2 N U HEED R
LTwaN—27 LA BDOEF N EHSNBHEY S KE
TEHZ 50 T & 7285 MR S e X i i 12
UL689@%L%ﬁ%Ab%%O%®AWU/i%L
(Dau ®EXAFS & 0 8 % S 72k 5) " 15w & 5 ¢
HbHo Lo T 234FEFICIETLERI A M2dh b
CaMn,Os 7 9 A % — DMV HITERT S Z L2537
HEhsb,

32 BREEDAH=IL

MM OEITRE S NREFRE~X A Y 2 F A5 —T
O BB RE STV b Brudvig HIEF 23l
(R6DT) BIUOTF<r s MO AL Z# 2,
B T3ROS HH OB LT H LI AT
HETHANZ AL ERELT WS, — %, Vincent &
Christou 1& 3 2 /N V BIFE & A O B0 T- AR TN 8 7
T4 RIAREERAER T B ETF MV EREL T2, %
B, #ak§4 X 912, Dismukes D 7V — 713 Z DI
DG % R E EH LT 5,2 S 512, Christou 5
i F 2 N RAB SR Dp-oxoni K & RIS LTy u-
peroxo BUAE B SEK L. Z D% O, 2B S 2 bl b 12
ZLTWwb, INSOMMOIREITIEF 23 HIGEHA
(K6DT) BERFHELLTREINTVD, KD A
7 » 7. Yachandra. Sauer. Klein (YSK) & ®/3— 2
L —® 7 )v—7DEXAFS. ESR % & 4 @ 43 Ja 4 1

VT L RISHEEDORETH Lo MO DIETIE
21%4EK (K16 @ 3) Hiu-oxo THAE X 7z dimer of dimer
HEEDPRESIN TS, 1S ORFEOERNIIEELTH
BRIE. XA Y7 FAY —HNETBEICL B
nTw e, W5OKokH A 7 IVTDS; AT v S Tu-
oX0 DEHENRET VA NDOWEZHD, £512, 9 —
BTBILENS, AT v FICADL E D) —DDu-oxo DEE
FKOWMERT IV ANELRY, BRET IV ANOFREAICK
D O-ORENER L., TOHRONHET 2 L) ET
RECHT AR L2 Th B L B2
COWRFEOEEMZ, %ﬁ@%“&%%f@%ﬁ%ﬁm
DNAFEN, O-OfEEDMAEIEL. di u-oxo FERAA
THORGAEVWHINTWSLZ EEHET 5, YSK
DRFEF, TEZOTOLRALBEOKIEAIETL TS
CEERRMLI-ZEICR D, Hi:@ Yachandra & (21§ &
D7 /7]21/’]%&1‘%%$1/\/ZL T AREEHRIZIR B LT
Wb, MnOMn#SA (6D 2) Du-oxo lCEHS ¥ H v
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MERETHHETRESOUHOEZERLETH 5,

—75, Babcock 5 D% 121 ik @ dimer of dimer D H
HERE LTV KRG TA v 744 MR
LT, ZOMRBT T b > OKFE) ALAEBLL, 0,5F
PRAETHEVIEZEZ T THD, EHITFA T VD
7 x ) F VG (Y) SR OKD S Mn=0 4 A3 B
THEMTHET2EELTVD, WO DIRETIZ.
Mn=0 #4234 )% L. MnOOMn i & 25K & 11, 0,58
HRICELIEEZH/MBLTBY, ThETORELITR
o TWwh, & 512, Pecoraro b DHEZ1E dimer of dimer
ROERAIE L TV B, Y80 DA% 53 ClA
V& CaA ¥ ABUBIZ B S-§ % 5T Babcock b D%
LIRS TVD, 155 OB TIE. Mn=02EKT %
JAXF U TH 505, Mn=0A»CaA F Y IZEAL L 7oA
FeXd F7=F B L, N Fa~vt &3 )3
ER L, ZOBO,DPHETLEZLTVD.” fito T,
Pecoraro 5 DIEZEIZ T ¥ N U HEOPESR TH 5 A5 H—
N N—DREIZD ZF PN TV B —Ti, TED
Dau 512 X 2L Tld, Mn=O# & 24 L. Mndi
u-0x0 DG E OKRFEREIG E A v 7)) 7 LTO,D
HERC G R R B 7 T AN 2 STV, DL
FDXHIZ, IS ORUNHERIT, MBETRIEMHEGEM
Tt X TIEMn=0fEEHER L. KISIZBEES L Twab
HTREHEL TS, 512, BETFMMn=0 4 DA
FEMTRRT 25 ¥ VDA H B IxB IR
EENTW5,

20044127 0 L SBEIKIREFE AT A b O X-ray # i
W& (1 FUERE) ASFerreirall & W BEEN-DT, £
M & BBk L7 BUSHERE DS D 7 STV 5 Messinger
513 Mn;0;CaOH I D F 23 Vi (6D 8) ZAKE L.
BODHH)—2DMnA * Vidu-oxofiar TF 2NV
DOMnA 4 ¥ EHFELTWD ERELTWS Fan
YHEDOMnA G KBS, ATy T TR L, S AT Y
TTEOH AT VL CTOHT =4 YA L., £
DBF 2NNV NOBEEZET =F ¥ & R LTOO#EEDS,
AT TTHERL. SSAT Y TR HS)AT Y TILED
HTO M5 ET 5% 2 T b, Brudrig 5 13 Ferreira 5
DOX-rayfi 2K E L. Fa Ny hoMnA F v H°
Mn(V)=0 %4 L. ZOMEYFA bHH ) —DDKD
lone pair  RETHE L., ZOHROFEITE D HEE*
%L Tw5.” Brudrig 5 O #H 12, Mn=O# & 0¥k
B SMEERIRE L T B 5 THRD S V7 V% 0E
L. KEFIVANGIEREEEZDETVEIIHL 2T
B2 5 TWh, Brudrigd € 7 )V i3k~ O LA
ICHEDSCEFNVERL—HLTWS (1), MLl
I, KPS OMBEREICELTIES Vh VRS A
F OO TR EEINTEB Y T ORI 2 BOS KRS
DRI SBOMRIHESLEIADNLEVEIICEDbR

Bo FRIZ, h—HE 7V — T ORFOEETHEL L DK
DD 2 722 L 3OS EZZ 2 5 L Tb F 72872
W 2 et CEAFET L2 AN LREFERT L 1L TDH
KEERELLLTHH I,

33 TUAIEHEEY,OEE

FARMBEI LA MZBWT, XYY TAY—
ZEwrfay oz ) — ik (Y, 1ZP680 A F+
UANDBEB MR EEZ SNTE, LML, YO8
HIENZT TR LY, T T ANDKDHHET %5
& vy EZ A Babcock IZ X DB S EH &
TH7” WOEZH TR BT I ANVFEETHR
e TIEETAEBTHLE V), Hib, 57 F—X
FXFIVTF—A, URXIZVFRNLF I —¥, Tui¥
VAR AV S el s Rl O3/ N B @R U/ &3
TEAER T 5 BUSIC BT 2 CThH D L E 2 5. HlZ
X, BEMELRT I VBrOHT YA VARG ERE, EK
L7253V ANDIEENPSHT VAN EFIEHLL LW T
Tt A THb, PSITIE, POSO Y 2HHET-& 71 b
CEGIERKEY 2B L. ENSHO02OHT VAV
&P EEZ D, TOREPIEL W E ) M. F
TN FWNEEDPLETH Lo M S, KO OHMEE
DT AV F—12 119 kcal/mol TH Y, OHT ¥ AV
DZNIE102 kcal/mol TH 5 DIZ, ¥4 1 »dOHK
B8 kcal/mol i T EL WL TH b, itoT. 2D
T Moy 4 OB PLEARTRTH ), FEE,
Mn A F Y ~NOKOBENMIZ LY, D O-HE A Ok
FIF—1377-87 kcal/mol I T2 nEEZ 5N
TWwb, BFIZIE Y, ~OBTEBHIEZID, Y 250
7a by EHRE SIS pKITEAE T S
D KR REE B (2 2 TY XY HME S 2 2k
T5).

Y, o +e <Y, (3a)
12H,0+Y; < 1/40,+Yz+e (3b)
12H,0+Y, ¢ 1/40,+Y, (3c)

< VN V2RO pK A BRI L C. H otz
HEICEpKMEFLETH LI L Bbhro>Tnb, L
L. MnA 4 ¥ OfiiAKE L R BI2ONTEDHEIZK
TLU. BEESEMNT 5, 612, BWHEENSFHLTD
BG4 F VOO F VL ) HEESEHw L
o TWDs HEo Ty SR L7ZKokY A 7 VD
WDSyIRRETpK M2 H WL TOHT =4 » T4 <
HODEMLTWwWEHDEEZ 5N,
Ruffinger & Dismukes idMnA4 ¥ VHIC L Z2HT V7
VBI&HEDH L VIZ7a b v (H)-FBTHEA BSOS C
OVWTERELTWR Y Bl vy e~y o
A ) OJOG % IFBEBEHETITO &0 KFEFIHV H-)
FIERENBET LI ENDDPoT0D, TOHFICIE
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C-H#&DMREET AV F— LHOMET ANV F -3
(AAH°) DSIBDIEHALZ AN F—L L MHBET LT L
BbhoTwd, —J, FWERHESEME. USRITK
EERICMA DI I DBICEsEsE, 790
IWEERED S A & VR M FSA NS VAT 7—)
WAL 2 2 EAEm s NIz 22T MhbidY,r 9
AWK BRETIERE SIS L CHREOES % L
TWwb, 3. FO I VI TIANVDEILRT V¥ ¥
(E°) I 3HEHELMC094VTH Y, ZofxfHLTT =
J = NVHOOHMEL AN F—%EH T 5 & 90 keal/mol
W DD FHEL D ROfEE —FH L7ze ThHDEE
X0, pK,DORE (M) oA F Vo5 DH atom
BEHEEAVNE . PSITOKISHE & 2 1EhhT
W3l bhb, AL, GHHEM2LHE T4 L, H
atom B E) IS A EBE OB HEFEEY 1 + (OEC) THk
LTwbEiEEzobhi v, ito> T, OECH A T
Tary BTy T RO E NS, [
I, EBEICED LD REMHEIER LTV 0 THA
Vo TNHDOMHT LY, 5FTORTALFREIETREN
TWbMn=0H DT ¥ 7 V| & & BEIEIEmIED 2 v
BEMORKIEDET) v 72 LTWwWbZ &MY L, ¥
YT OMEE LB LTV ARVOT, HEDOECT
ORIGEBFLTVDEZ EIZd R 5w REEDH 5,
%, HOOFS % BRBIREBIINZ 25 HILETH S
Z L EBRITRIE SN D,

34 BBRRERLOBNZ
FEBEONERRTOEFHERICIOVWTHER D, KhD
OWFFET oL 2%, BRI 4Ho7Ta b v L4
HOEF DR % HF ) BILEIETH 5.

2H,0 — O, +4H" + 4e” )

LA L. EBIZIE ERSIZOHT ¥ v, OOH T ¥
AN, A=N=FFTFF VN (0,) BLOMEEBILK
F# (H,0,) OEEEHEALETIHEAETOEATH S
REMED V. BITAIER LD, -OH T ¥ h VO E#E
BARD T ANVF—%2 LT 505 Mo KtidEhic
BT MEZANVF—WIZIIESTH D, (4) XTES
NBHEHEERIIRDBESHTHD L)AL 05, EBRIC
o 7at2FH OKIZE B%EL PHTTD) 2
£2b0T, PSUDORIEH A N TREIISEGFRE L L
WCHEEEET 5, 6o T pHEAF %22 L 72 configu-
ration potential (4G,) & HHT A V¥ —Z{bD HLIZE
RICHDBR AGAEIZAGC % AV TR TER S NG,

AG, = AG® + RT Ynx+ RT Ylnx? )

Z Z T, x.dreactants (c =i) & products (¢ =f) ®E IV
ITEREERT
(4) XDOTU L ADEAEIZ 1.4V &40, ERY A

MIBUIA2Fu Y VY,OEA (1.1V) XD &L R b,
o T, BT RENIFEEMIZ R HA5,. Byring DU X b
FOBHE (k) #RDB LT 5,

kT .
== exp(-AG/IRT) ()

ST, BRI E L, 518 AR
VF— AGH=(14-1.1) x4V =12V E R 572, L
L. BONEIZPSITOZFRICHELTRYIZH
ELCIFHEMNTDH 5o HE->T. HHODHDHYIZOH 4
UHERLTWwALE L TENDTBILEND & TNILE,
fEIZ0.88~ 114K TFTHDT, ZDTFT X AD)H
BHTHb, LL. T2k, OH £+ ¥ H3Ca
A% Y MnA L 2ICEM L TR A MIBIFLZE0
BEZROTWLLEND L (ZOLML ) BBRED
ETFUVHNMD). HHALHHZ ALV -2 TIF5 49 —
DOFFE. HO DA O &7 d Base(B) # M EX € 5
ZEThAH,

2H,0 + 4B — O, +4BH" + de~ (7

Boi#RoM: ) & LCTid, MnlZhEfL LT 5 Ligand %
PR 256 EROPEZON) b WIT, LT
NUFF Y FMEEWD» 5 O, O FEEEICOWT b4
DHMAEDLENREZ LN bo EROEAEN~ Y F V2
T ALY —TCRENBEMET ELDT, EFVRTOER
BEITEDL —DODOFETHDL, LrL. TNHOH
RS Ca(l) 4 4 ¥, MnA F ¥ QWA PG 2 B 5-§
HEEZDOPRYLEDbNS,

3.5 KokH¥ 41 Z7IVCEET B RICEIHE

FEE S A b OEEFETEIXX S DKok ¥4 7 )V TRL
HHEND, ZoBERTIHEO T T b ¥ 251-0-1-2D)
W Eh, BEFBHDSY, = S Y & H#ETT 5,
S.Y = S, Y DA o 4TI IS T X h
bo RHFEFEHEITS; > (S) > So+ 0, DERETRISLZ L
BHBNT WD, —FS,— S;Dstep Tld, 4 DFEER
IO RERGTREEAIHE LT EFHmSN T
%o Renger & Hanssum (WAL A X7 T )V DR ZALD
fRAT & D HZ RIS AT v 7OWEMEALZ RV F— (E,) L1
R (A) AR FLHERE A MOz, £1ED,
Y/ S, = Y S; DEBEDOTEAL T AV F =Kk & L ik
LD KR E &L /AT 5. Renzer & Hanssum 13 & 5 (2
OB HEE %2 JEMr BE R ME 2 &~ — 7 A
X DN L 720

_(AGZ»+I+)‘1.1+I)Z

2 -
INCTR, )e Pl ®)

ZITAGCIFHHZ ANV F —ZALTH D\ Agp (TR
A NVF—Thbo, FOTERHH T, #E e —

2n
ki = (7| Viis1



LRSI B BB O RO MR

(3) — BB~ v H Y7 IRy — DR L BTIKE— 47

EThH D EPET NIRRT RS0

£1 Kok¥ 4 7 VOEFIEAT v TIZBT AL AV F—&
BRI T

Reactions ‘ E, (kJ/mol) ‘ A (s
Y/ So—Y.S, 5.0 6x10"
Y/ Si—YSS, 12.0 45x10°
Y/S,—Y,S; 36.0 8.0x10°
Y,/ S;— (Y2850~ YSo+ O,
T>279K 20.0 2.4%10°
T<279K 46.0 1.8x10"

E,+ S RT= (4G + Ay’ | 4y ©)

Weo Ty AGY, DESIF UMD X A —F & Pei il
Kdo AR LNIRBRIIRINIRLAHE) TH D
(HfreV)o 2L D Vi, OfEIZRENS L FERZ0HE
BOREEWILT 2. —H. YIS, = Y S: BB DA, 5
PRERE L, BREORE ZRENE FIE LR\, S-
P4 2N TCaTECI A A v OBEIOWT R4
WD LoodH b, Ca™idMn, 2= v b & IEHIE
CHFELTWDZ EMREREN TV S, Ca” ITIFKDEL
MLTBY., ZOBALRITLRT V¥ v V2B b s Tw
HEEZLNTWS, Ca” 2 K< LY,/ S, = Y, S8:~D
AL SIS DMEIET B2 ERbhroTnb, Cl 44 v %
hwt% LY,/ S, DERETYH A 7 VEILRT S, 2D

L2k, Ca” b Cl b AER AR Y hT—2 DT
proton transfer (ICBIFR LTV 5 EEZ BN Twh, T
VAR MVOWIFRL D, S, 0EBETA R EDHHO
(HBHVIZOH 7= V) DEMLTWSEZ EAVHAL
TWwb, TIH OFERFEFITOSHEREIC B 3 2 B2
BICHEE L RRE G52 55DTH 5,

%2 Kok¥ A4 Z VORIEAT v FI2BIT HIGHLE BT L
F—r v —H AHEIIBT B HEIEHKEF

Reactions E, |AGH, | Aym Vi
Y/ So—Y.S, 0.05 | 0250 | 043 | 1.5x10°
Y/Si—Y.S, 0.12 | 0.055 | 0.41 41x10°
Y/ S,—Y,S; 0.37 | 0.040 12 | 71x10"
Y/ S (Y,S)—Y:Se+0, | 021 | 0105 | 0.73 | 12x10°

4, BRRETCH VX 4—DEBHRETE
41 TUHCAXVEADE ST HIVMEKERIIC
&3 ZDRED

05 TR L 72 B SR IRGE A S dk~ v 7 > gk
OREYE% T 2 BV IERO—213Mn(V) =04
DETIAMETH B, 24RO BH G Tl 7 &
I BT YA VD FLEE 12 Mn(V) =0 # 4 ® HOMO
ELUMODHLET AN F =7 (Fx v 7) 2V/hdnwz &
ERT 2HERAOHEIMKAFETLOT, TTI0M

2MEI L7z 20k, Men8mu v F ¥ Ilo X #ik v
A5 (Mn(V)=0)-Ca(Il) (CH;CO,), D EH# %21 h H L.
CaD ¥ A MINA FaF T 7 =4 ¥ % 3MEE S 27,
(Mn(V)=0(CH;CO,),(H,0),(OHCa(OH),) E 7V I & &
2K % Ca(lD) ¥ A4 M UEI 2 72E 7 v I, Mn(V)=
o@ma»ﬂu»@mﬂmﬁﬂmm%%%LAmm
=028 LI2MDKEERA SEHEE SE L VGE
%T‘ﬁ TLf:028> EFIV ]I TREMaV)=0FEDE T I H
WAEDS 2 D IR % BUAL D 72 W55 76.1% T o 72 DM,
BALDD %856 13.4% A Lz Wk, EFVIT
1£52.6% 755 7.8% 128 Lize T DOHEFIIKDOEALI
Lo TMn(V)=0#5 & D SUSHED T ¥ VB S 4 F »
RUNCZZALL D 52 L 2R LTEY, Ruffinger & Dismukes
DEFERE 15T 5. 1EoT. TNV & N OME
ARG TFORMDEIRKNTZLEEZ LI T2 £F
VEMEOMRIZKT7IZ Lo Lz — e b 1A
LTw5b,
*:T\Z&%%%%K\7ixﬁ—%ﬁ@ﬂ%ﬁﬁ
IO FEOBNICOVTELET 5, H6IIR LT
Btk (3,5) s E o T, BE— @*(OO>
WEDOERBETN—2 L —0 7 ) —7 (Yachandra.
Sauer. Klein) OIRZEIZH D L HICHKEY ¥ AR HD
WEAE, AIbFFI0vs VA INVOEMEE (0--0) Bk
MRS UM E V. AT 1Y) Y ADWEEE, 4 4
YIRS (O+-0). DYEBL 9D 2 I Hiko K123
RIMLTWEDLTHb, KIS, AFrE2XF /=)
BT AWHETHILAY VE) FF V75— ADTGN
F A M iZIEFe(IV)-O-Fe (V) BFET 555, ZOYA L
@%#m E%%7/ﬁWﬂ§w§¢é%%#$tT
N A A VRIE & EHT B 720 I BB IRIE I A
%ﬁ%-%%?%%%#%éo*ﬁ\ﬁ'fiﬁﬁﬁw
—HiTH B AT BIEEARIZIK 6 D 3 & kR FeS2Fe D%t
B2 AT 2 Fellflefi L TWa 7 3 /) RN
Bl b (VATA VP AF I VIHER) X2k )3
BlEZH->TVD, TOXIIT, 7 TR —ITBITF 5%
ﬁﬁ@mhi%ﬁyﬁﬁm@T*ﬁkﬁFTé@@ﬁm
A E5 T2 L TREERTH 5o AlilEMRED,
EFEREEIC e o 7ok -k (C-C) Ay T /754
IBICBVTH, BA2E8EMEMAGDE T %
WenZ 2L D) BUEA F » B o4 d 0 BRRIRER S %
FHT LI ENERTH S, AEiOE&REOMALDLET
ET7 Y ANBOE (WBRIEEE) ASEEE X2 W B AR <
b

42 FaNPBRTUHUBAOBEMNHEOEN &

EFEEL LB

75 A5 =M OIS X OO & v
HIEH6DF 2NV RIfEECH RERETH b, FKR%R
BR6D6IZH D EIHICFanNvEEICCa) A+~ %
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G IH RMEOHNDEETH b, 3ANDH (L) Wi
) 12— ADZ (B) PR L > TWBIRIT, TO X9
AN E DT (o) Was (ilitk) DIRPL & 132 % 5 2 & H3H
RENb, BMiRDOEK - A FogfkTcdT7Ta=sy —EH
4Fe-4SHARIIKMO DT D X HIZF 2N UL Z F o T»
LB, —DODFe A+ YOV OT I I HELDL I LI
LR > T D, S 5T, BB OEREEZAT
)= M F=FLIZBWTD F 2NV 4FedS $ifhD 2 &
thTdH58Fe-ISHDKXEZ FAY— (PrFA¥F—) T
T S EDEY) T T IAEEE L7202 RE
% % FeMo (7TFeMo-9S) $E AR Rt 4 b TH 5,
Dismukes ® 7V — 71T O E Z FOF 2 N B
Mnd#%27 5 A% — % T, BRBEIEH LT 5>
I8 & D hOREEZ R L72e N ROFE % RO
LT WFEoRmuEEZELTWD, Zehb, BE
AEBIIAFIVT VA VoS (0--0) #EFAEDS
BT HWEENEWE FHINS 2N FEEDismukes
HAIHE 4 OFEERIBID S 5 VA VR ZRE L TWw 5
(LHL, REDHESD Y AFLTIRF 74 F >~ 2HE
PRIEHLTWADTA F EDNEA ST WS ] gl
N bH). Fx b Dismukes b DIRREZHMEND D 7212,
K8DANE 7 5 A% — DAY v 4kl o % BN B #&
(UB3LYP) #t$i %17 572" 7 5 X ¥ — 4@ UB3LYP
FHEICE 2 A VEEORER/RERIICHD, ZThz
K8IZK/RL7ze ML DHFEEIND LI, OSBLW
O6MEHE FICHIETIZB VTS A ¥ Y BEIS T
EEN, FFIVTTHINVOFERKS (0--0) BEAD
BATHAWEETH L LM INL, Ll O
T EZERIHED D 5 72D I I ERIRE O P g RS HAT R
THbHDT, BIEMIELZHED TV,

43 MR BREATEREEOA F #iE

K6lR L7z sy R (8)B X OWILY »#1(9) Df
EIXVWITNE 6 DI F 2 NV HIfEEE A, S5
WZF 2N OFMINC u—4 F V) THAE SN/ Mn A F+ ~ &
HLTWb,

oT. TOMn¥A FZMn(V)=03 %\ iZ Mn (V)

% 3 Dismekes Mn,O, #ik (XI8) @ UB3LYPEIHIZ L 5 A ¥

Atoms Antiferro (AF) Ferro (F)
Mnl 3.16 3.30
Mn2 3.72 3.72
Mn3 -3.69 3.40
Mn4 -3.33 3.73

1>-05 0.14 -0.19

w>-06 -0.03 -0.13

w-07 0.03 -0.13

w>-08 -0.01 -0.20

-OHMOEFEDSSA R L, Ca(l) 4 4+ ¥ Eong FaF
AT vERIBL. O-O%& %43 % Mn(IV)OOH $ %
WiZMn(l) (HOOH) %/ 5 WM %2 b b,
EHIC, FERNHRHEEEZ KL T, IV ANMEETRLA
I VRO T RENE D SUSHH K AAFAET IS REIC 22 5
EEZON D, HIRO X 9122004 412 FHH—N— 28—
HIZEhuy F Mo XSmRS R I NI
1. KOBNHERS F TIIIAMIC AL T iadoiee L
L. %2505 6% T (FTIR, ENDOR, ESEEM,
ESE-ENDOR 7z &) & o TH4E:TH KD FEAERE I
FTAHREHRIIEON TV, 22T, Fr bAEMBE L S
NOOEBRFREZERE LT, MR T A+ RIS H
RSB 23%% L7z Hih. SpIRETIEMn & Call
KAEAE Ly SPIREETIEMn IZELAL L 72K 71 b~
Ll S;IREETIEMn DAL #EAT L. S;IREETCall
Bifr L7k, Ba7o b o b2 & v BilTh 2,7
FEAE R TS, IRE D S SRBICRAT T 5 UG B BE )
KREF TS OREEEALPHRE T L WHENEYD 5,
L72h 5T TOBRBEMAT 2121, FEEHL IR -
72SIIREBORES S MR L THRREESGE (QM/
MM/MD) 2 X ) ERIREREE 2 I3 2 B2 D 2 H°
FNIXESHOMETH 5,

2005 424 171 S RTE D S SORBICRAT T A BTl
SHICHEA DM REMEDSD ) REN LD DETHNTD 5,
20114FD 1 HOBRBETROZIRY &L L, FTHET =

8 ¥ VIV ABEERD 5T H

(rHE) & BORBEMERI A ¥ R (CRR32)
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RN 0——Mn )
vaiv —
\o-,..--(:a:—o ‘ o A A"
\ Ca—/0 |
______ pad!
S T o“—nin o |
or ' ——Mn
Mn (i (Sac) i
Mn(ll) (Sy)
'
N\ Y O0——Mn
o=,/ /
"Ca—: 0 ‘ >_ l
b | Mn—|—0
e s
A |‘|3/0/ Mn
cr- (Sap) —
M 0—M
n(v) HO-ooo /T AT
H--""'C-l_ Ca—l 0]
AN O——Mn | Mn—|—0
O , OH~-
C'a/:—o/ ‘ o o—wh
Mn—{—0 i
H—O I ‘/ Mn(iy (S,
A Y, (i (S2)
'
~wmrfiy) G4 cr
3\ )
cr
H—q- 0——Mn
O /1
"Cal 0
j Mn—|—0
o
o : O/—Mn
[
TMATV) (Sy)

X9 KIEmEFIEAEMALD A A ¥ B SUBHME D C BRR— k%
M (SCHk17)

F OB E L TK (Hbwnide FaFy7=7F
Y) oi7a b AMECHES T A REEERL TS
. BIETRERET =4 VIZ2 925 —H»56AL L
NTW5E I ERXHBRBFNTHMHINTBY, 20
B RGEShTwS, LaLl, HEkogkiElzKkioE
2 X2 OREEIE B S 0T F 4 D 200740
BE (M10) TEZOEHIBEShTRS.Y M9T
KU 7% L 2 HIES; RED S SREADOBITTIE 70 |k
v I Tw i <, ERX EiEMn(HO---OH) (S4,)
ZRCT, HODO K HHh o 7a b H i L ClEEmc
Mn=0 B D45 DHK) (Sy) L TMnOOH (S,.) TR L
Ty RBICBEDOREICELLE VI AF—LTHh b,
o Ty Z OB TIIERINIZSARED S SpIREE~D
FROBBE T2 7o by EBENRHELLICRD,
B 5127~ L7224 & i — Tld e v

200741272 > Ty BB O 4. LIRS L 72K DB 51214
ToEHE (MT3R) o FVEHE/KEL D, K101R
LK OSBRI ET 52 L1k o727 22
TIEIMnV)=0#EEPKOBEGEIZE D FELEL TS LD
FifRIc/2 b, WET=F v orb kR T a b o BiE
25 - L. MnOOH 23 E K3 2 JUB A F— ADSEHE I
TWwbo Man(V)=0FEAHAK T 5 & 31, S;IRED,
5 SyREANDOBITOBRM 7T b v A5 S LEH
HBHDTHSIZRLZzKokY A4 7 VAR D 5 H IR E
ENTWD, LaL. SN0 F Ui % FEET 572
»IZiE. T3, CaMn,Os 7 T A & — D KO EA7 A &
HREH S N PSR 28IV CL 2R v, £
BERE T ENE L CTRZE VR EDL, BEEY A b
DI BHEMRERHTTFUT A LEIARTETH -

B:--.. .
“H H Bi ... H H +e
Nor” H ~ \0( (Hz0*: B)
. . 2+ | i ) S 2+ (L__ 2+
+f Ca__ Y a_ - -y T Ca__
o \ /0 0 \ ro electropilic o \ /O
V% / Of“an P4 or.l}Mn O-attack | / of-..}‘Mn
L—Mn(v) —O~Mn L—Mn(V) —O~—Mn / L—Mn(lv)—O—Mn /
4 l Mn—C 4 1 M—C  H*-elimination / i n—C
( A) ( A') (SE mechanism) (B)
%0 B:-.. l
2 0/03 )1 ” o ).1 2 "H‘\O .
5 Ca\o -y T - -/ Caxo
\0 ! \ 0] \ 7 (0] /\O/ \
L—:’I\‘An(lll)—of ';;\/Mn-— L—rxlmﬁw—o—’ ‘:\\Mn L—I\|:14V)—O/ E\\/‘Mn
(/ | \Mn/O BCT (/ | \ —C  Charge /| \Mn/O
L L reorganization
(E) ) by CaMnsO, (C)

B0 ASARRA TR KIS A o+ 2 BSEHC & 5 Bk AE A/ (CR28)



50 LAFUSIC B 2 W FHEDOWNOBEG (3) LAWY > 7 7 A8 — Ol & BT RE—

720 HEo Ty WEAEOIL—HA 7V — 7' D X Mk Sk 2 1%
HrZ & 9 PSITH T 2000 1/ Lh_E o # F K O FFAE D3l 2 &
. CaMn,Os 7 F A 7 — D KD EEALHE & 0 2660 A3
&7 2 L I35 HROBEREH O 720 O & G RAHE
L7z B> TOMEThV. EHIF2010FE DT
KOG EARETIUITREE 72 5 T ¥ 7 WV o B
WEREOND I FTAY —HEICOVWTERLERKE
Fiote? ZOBBOL AT, KIEINRTTOLF ¥
BHOHEREE FELTWS LRN7225 234 T
v XA T VOIS T A REVE S 2
T&72E52L9.

5. H W (Z

KEETIE (1) BEFAlI~ > H v+ F Y Mn(V)=0 3 &
A ORLEE L MET OB IVIERN T 28T U F
VHEOWMHEL (2) Mn(V)=0#E~NDKDOEIIZ L 5 E
FIANEDOBWAEBETHEOHBL (3) Fa g
BMn2Z 5 A% —ORBELET IV (KEY
T4 v 7)) BEEFHEEEKL. (4) 4% Mn 2 J A
F—~DHANYIAAF Y Ca)DF—E 72k bY
FGAY =GO NE 4 F EDEAIZL S A
F B (~NTuY T4 ) BEMERHEARS, 12
DOWTHRA L7 EHIZ (1) & (2) oWEZMDTH
AVFUWEEH L, 85612, 79 A7 —HEoxH
TN E W) BEIEER - A 4T 7 T A8 —DORERERE
FERTLETHOHEMTHLZ E&2IERM L7, KBEBIC
£ B KRG RMBERES % HRBINCERZ L7205 BR
OB T E e Va0V (I 2 1 OH
SYHNV) OFEEBT S LI, CaMn,Os & ) it
WEoW N2 I X ¥ —%EAYIZ L - CTconfine (P
Likd2) ZEIZX) (FEHOELBFTRET ¥V ET
V) IR G TA A 2 RO MR A RS %
I SETWDEEIICRZ D, RLED. ZOEENGH
HEIET 72D, WEE 8 HIT5#E S 7z CaMn,Os
75 AL —O XSS S I LT, SR S
Ia2lb—vary (QM/MM/MDEE) #E4fFL. 20
RERWAT 5 DB5HORERFAETH ). 234
ElERPTcIhsoftarfrbhabotiibh
Bo TS DFEIELM D S KB BUGERE O 2 P o fR T
AHEDIE, F Ly A TONTHRERROEFESCD
BN FEMED D % o

X B
1) J.M. Berg, J.L. Tymoczko and L. Stryer, Biochemistry Volum,
Edition 5", W.H. Freeman Co. Ltd. (2007).
2) 7Y Fv—-7 =, Ky iWO306EFE GrikkEd
AP EER TN, 2005 4F).
3) VFr—F-7x—7 4, Ldgd0fEffial (ELER R
HEAE, 20034F).

!

|

i,

I

4) K. Ferreira, T. Iverson, K. Maghlaoui, J. Baber and S. Iwata,
Science 303 (2004) 1831.

5) A. Guskov, J. Kern, A. Gabdulkhakov, M. Broser, A. Zouni
and W. Saenger, Nature Structural & Molecular Biology, 16
(2009) 334.

6) Y. Umena, K. Kawakami, J.-R. Shen and N. Kamiya, Nature,
in press (2011).

7) S. Yamanaka and K. Yamaguchi, Bull. Chem. Soc. Jpn 77
(2004) 1269.

8) Instability in Chemical Bonds: UNO CASCC, Resonating
UCC and Approximately Projected UCC Methods to Quasi-
degenerated Electronic Systems, S. Yamanaka, S. Nishihara,
K. Nakata, Y. Yonezawa, Y. Kitagawa, T. Kawakami, M.
Okumura, T. Takada, H. Nakamura and K. Yamaguchi, in
Recent Progress in Coupled Cluster Methods, (P. Carsky et al,
Eds. Springer Science, New York, 2010) p.621.

9) S. Nishihara, T. Saito, S. Yamanaka, Y. Kitagawa, T.
Kawakami, M. Okumura, K. Yamaguchi, Mol. Phys. 2010,
19, 2559-2578.

10) Ik B F, EBI0MAEOHKL (R H WA,
2006 4F).

11) Ay 22 FriBLsy (bR, 2005 48).

12) B. Kok, B. Forbush and M. McGloin, Photochem. Photobiol.
11 (1970) 457.

13) G. Renger and B. Hanssun, FEBS Lett. 299 (1992) 28.

14) PE.R. Siegbahn, Acc. Chem. Res. 42 (2009) 1871.

15) K. Yamaguchi, Y. Takahara and T. Fueno, Appl. Quant. Chem.

(V.H. Smith et al, Reidel, 1986) 155.

H. Isobe, T. Soda, Y. Kitagawa, Y. Takano, T. Kawakami, Y.

Yoshioka and K. Yamaguchi, Int. J. Quant. Chem. 85 (2001)

34,

17) H. Isobe, M. Shoji, K. Koizumi, Y. Kitagawa, S. Yamanaka,
S. Kuramitsu and K. Yamaguchi, Polyhedron 24 (2005)
2767.

18) A. Fujishima and K. Honda, Nature 238 (1972) 37.

19) G. Christou and J.B. Vincent, in ACS Symposium Series 372
(1988) 238.

20) V.K. Yachandra, Philos. Trans. R. Soc. London, Ser. B357
(2002) 1347.

21) H. Dau, A. Grundmeier, P. Loja and M. Haumann, Phil.
Trans. R. Soc. B363 (2008) 1237.

22) J.S. Vrettos, J. Limburg and G.W. Brudvig, Biochem. Bio-
phys. Acta, 1503 (2001) 229.

23) G.C. Dismukes, R. Brimblecombe, G.A.N. Felton, R.S.
Pryadun, J.E. Sheats, L. Spiccia and G.F. Swigers, Acc.
Chem. Res. 42 (2009) 1935.

24) C.W. Hoganson and G.T. Babcock, Science 277 (1997) 1953.

25) V.L. Pecoraro, M.J. Baldwin, M.T. Caudle, W.Y. Hsieh and

N.A. Law, Pure Appl. Chem. 70 (1998) 925.

R.D. Britt, K.A. Campbell, .M. Peloguin, M.L. Gilchrist,

C.P. Azmar, M.M. Dicus, J. Robblee and J. Messinger, Bio-

chim. Biophys. Acta 1655 (2004) 158.

16

=

26

=



AL BUSIC B 2R HEOWN OB (3) LAWY 7 IR — Ok & BT IRE— 51

27) J.P. McEvoy, J.A. Gascon. V.S. Batista and G.W. Brudvig,
Photochem. Photobiol. Sci. 4 (2005) 940.

28) K. Yamaguchi, S. Yamanaka, H. Isobe, M. Shoji, K. Koizumi,
Y. Kitagawa, T. Kawakami and M. Okumura, Polyhedron 26
(2007) 2216.

29) W. Ruettinger and G.C. Dismukes, Chem. Rev. 97 (1997) 1.

30) G. Renger and B. Hanssum, Photosynth Res 102 (2009) 487.

31) T. Saito, M. Shoji, H. Isobe, S. Yamanaka, Y. Kitagawa, S.
Yamada, T. Kawakami, M. Okumura and K. Yamaguchi,
Int. J. Quant. Chem. 110 (2010) 2955.

32) K. Yamaguchi, M. Shoji, T. Saito, H. Isobe, S. Nishihara,
K. Koizumi, S. Yamada, T. Kawakami, Y. Kitagawa, S.
Yamanaka and M. Okumura, Int. J. Quant. Chem. 110 (2010)
3101.






N ¥ VB L OLBGHIRIACRE O3 TAREYEHE & SERAREN 7T 53

RYEVHIVERFEERRILKROD FIREFE &
FERRTIREN AR AT

PN

{i\\_A

*k

Normal Coordinate Calculations of Benzene and Polycyclic Aromatic
Hydrocarbons and Anharmonic Vibrational Analyses

Koichi OHNO*

Nucleus motion, such as molecular vibrations and phonons, is an important fundamental property of
polyatomic substances. Theoretical analyses of normal modes are however very difficult when strong
interactions exist between nucleus motion and electronic motion. This is especially true for benzene and

aromatic systems as well as for hexagonal carbon networks leading to the graphene sheet, because 7

electrons strongly correlate the local motion of CC bonds with the motion of remote CC bonds via 7

electron conjugation effects. Even for a benzene molecule, its normal mode analysis has been
controversial, and it has been very long time to reach a satisfactory level of understanding on its
vibrational states including anharmonic effects. This work describes a historical survey of normal
coordinate calculations of benzene and polycyclic aromatic hydrocarbons and the most recent

development of anharmonic vibrational analyses.
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Fig. 2. Root-mean-square (RMS) frequency errors (cm ') for planar modes of PAH.
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Table 1. Observed and calculated frequencies (cmﬁl) of coronene C,H,,

Obsd MNDO  SQM/MNDO  QCFF/PI B3LYP/cc-pVDZ MO/8 Cyvin et al. HUMM
[42] [44] [46] [37] (scaled) (18] [32] (Kekulé) [35]
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1603 - 1617 1561 1645.5 (1596.2) 1600 1537 (1600) 1590
1370 - 1405 1358 1389.8 (1348.1) 1364 1421 (1339) 1299
470.6 - 541 512 487.0 (472.4) 476 380 (451) 511

€2
1629.4 1572 1615 1695 1664.2 (1624.3) 1608 1669 (1555) 1625
1439.6 1434 1468 1498 1483.0 (1447.5) 1442 1561 (1439) 1478
1431.6 1385 1427 1486 1474.1 (1438.7) 1437 1457 (1393) 1446
1401.7 1326 1367 1452 1424.0 (1389.8) 1397 1375 (1372) 1384
1236.7 1212 1249 1256 1251.7 (1221.7) 1218 1153 (1200) 1203
1166.7 — 1153 1159 1170.5 (1142.4) 1149 1015 (1131) 1134
992.3 1002 1037 1062 1007.8 (983.6) 997 910 (991) 1022
363 328 347 371 369.0 (360.2) 354 306 (328) 384

€
1620 1577 1617 1644 1662.4 (1622.5) 1612 1615 (1587) 1620
1505 1470 1510 1518 1535.9 (1499.0) 1501 1487 (1460) 1519
1317 1269 1327 1390 1335.1 (1303.1) 1320 1286 (1275) 1321
1137 1119 1170 1154 11489 (1121.4) 1141 1102 (1120) 1160
771 702 746 843 781.1 (762.3) 774 834 (787) 814
RMS 41.9 28.6 45.9 27.0 (11.6) 9.6 70.3 (33.3) 30.7
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1004E2 % B F1H S 7B TIX TAEMT BURTI04ED
MBEE S THEFTTL » ARET) HETLEH &
W DENS, HEPBIBETLLOTRV, L2, 7
EROSEFRLIBTELH-ZTNELS VWL 5,
FHEMICAMFELEFE L TH Y. 4T STV 2WIGE O
WEFR LRV, (2) 13, WHMHEARTHEZ 51X B
EEPTEZTRIE TCIRIEHTE LD TENEI
H LD 0L EENME A OWIRGE DO FHEBEZ LD H
WCHBAZTLES L, COHRDEBMESZLVHDIE
5o (3) 1F. FIERECHIZIEE & L IZHEBEMFROZ W
HTHY, TATFA TRETDH b,

ZFIT EHSIE, BT VY y VoA E W
\ZERET 20 TIRBEHRLE OB ICI) MLA 72, A
MR RMICERT 57201213, BF V¥ v VIGHRE %
B9 B 70O HE R KIFISE S SIE & ve ., JHT
BOBNHORDRT ¥ ¥ v WIZ3N-6IRICDBZER TH
D ZOXRT vy VIERIEZ, FEFICEEOF T v
T EIToTHEDL, Lz oT, 7)) v 7oz i
LEIF IV, ZO0720IF,. BEROBLY 7)) V7
FWELT, BEALERO WK Y > 7)) v 7%
W 5 iz Z 23X v, BRODLY 7Y v 7
CXFERAED B BT OWAETH ). FERO R\ v
T v 7 EFERIEOZ Lo ETH b, O F
0. ERAEOBAEFIRZ L i TOM 5 2 &8
TENE ERAEDZ LTS v 7)) v 7 % 4
THIZ LT, BT V¥ X VIEROMBESRE 2 RIS
DHEZENTELIITTH b,

LEZIRTATATTHLN [FERAEIZ L
MEID] BREETICODRDLONE I NEEZTHD

Ly FOEBENERENE, ETAHD EHOLN [
THRT v v ] OFE65]%4T->Twb L X2, K
T VY X VOO F b ) OIEFRFIEDE % w)
REPHRIET 7L T X2k U COBEkRIESRSE (SHS
) [66]1D5HDOhotze ZOT N T XA, ALF G
REOBERICHO THRTH Y. [HINRET ¥ ¥ v v
DIFFE~ & 5 L 72[67-69]0

SHS 2B ERTF VY v VOPED EH ) IHF
T 2 IRAEOENH D, ZOFHEE»r51F LTS
PUBFERE & L CRIRIICHRE T E 5[66-69], L7zh%-
T INRIEHT S E, FERITD LT 7Y ¥ 7
TRT V¥ X VOIERAEERRAICHRL Z & TE
hlEzZbNWA, 2T, KTy X VOH 7Y v 7
#4719 F%E, SHSE TR S 12 IERAMED R IR
L. ENEFNOIEMEEFEDOH B LY, R b0 O
HIMZWET B T, 7Y ¥ 7O &IREE—
FE D 2 FARFEITHIHI L C. PSS B BB EUE O
6RHEETELRT V¥ v VERRMITHSE T 5 F
(SHS-PF#:) ZBA% L72[70,71] WA ETli~724%
BE— FHB30DONYEYORT VT v VD6 RIEOH
DOPEEAE~7x 10° L 2B &, 4% 5238 % L 72 SHS-
PF#:TIE. #12000=12% 10'HDH > 7)) ¥ 7 T
720, BIREREAB XL Z67750 LIZEHL, HELX
NV PFCh B L FERIC R 5,

SHS-PF#Tid. JEFAAMEZ £ 8 L 72 RENIRAE O = 4
WEF—B LB E, IRIIRE I % SCFi%
(VSCFi%)[72,73]1 36 X O°CI1iE (VCI#:) [74,75] % i
LCRKDB, B, TEALVF—DARZROLDTHN
W IREVRE OB B [76-801 2 MM AL HTE D
A FOWEOFHEREL, MEZBEET VS WS
bH LN WICART I I HOMEIEI»R5T LD
BIFRRE % 5 23, BB E RO L Z EHPHST
BV DIRE A RS MVORREERHE F T ) ITIEAH A
W5 EMEDL N,

#2112, TF LY CH, O FEE O (fundamen-
tal) . f53# (overtone). B £ U, #& & (combination) ®
FEPE81] &, REM R ETALFEH 707 T A8y
r— Y T& 5 Gaussian03[82] &2 W CREIE L 72, #A0
NS & BEHERE R (G3/Gaussian03) . FEFFIVE % IRE)
KB 2 KEBJ[76-78] THEE L CTEHHE L 245 #
(MP2/G3Large/Gaussian03) %, 4% 5 A5 % L 72 SHS-
PF:[70]1C & » TIEFRIMEZ Z I8 L 725150 & bk L
TRY o

FTVviLvp, T TOERELHS & G3[83]I1C &
LALLM T, EFRAENE 52K BE S hTwARn
7eORRIFEM LD SR BA DI R > TE D, B
WHFEHARMSA91.1ecm™ & 2o THBY . 56 MR
Bl 2 2RI EE V. —ED AT — VAT %
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Table 2. Observed and calculated vibrational frequencies (cmﬁl ) of ethylene C,H,.

Vibrational Obsd. G3" MP2/G3Large’ SHS-PF* DFT/B3LYP/
State (Sym) [81] Gaussian03 Gaussian03 [70] 6-311++G**
Vio(bay) 826.0 828.3 841.4 828.3 804.7
vg (by) 939.9 923.6 1081.3 930.9 935.9
vy (bs,) 948.8 968.0 979.5 944.7 940.9
v, (a,) 1025.6 1043.9 1058.2 1012.3 1017.9
Ve (bsg) 1222.0 1246.3 1233.1 1217.5 1198.1
vs (a,) 1343.5 1370.8 1362.1 1340.2 1325.6
vi2(byy) 14425 1480.6 1453.6 1434.6 1422.8
vy (ay) 1625.4 1670.2 1648.0 1624.9 1619.5
Vi1 (byy) 2988.6 3151.7 3029.9 2985.7 3005.6
vi (ap) 3021.8 3169.4 3070.3 3036.1 3018.3
vs (bs,) 3082.4 3231.2 3140.2 3086.5 3072.8
Vo (byy) 3104.9 3257.7 3164.1 3114.5 3100.0
RMS (Fundamental) /cm™ 91.1 55.7 7.5 13.9
2vy (a,) 1880.9 1847.2 2304.6 1865.1
2v; (a,) 1899.7 1936.0 1962.0 1886.6
2v, (a,) 2046.4 2087.7 2114.1 2019.5
2v; (a,) 2685.3 2741.7 2722.5 2677.9
2vi,(a,) 2877.3 2961.2 2901.6 2857.5
2v, (a,) 3239.0 3340.3 3301.5 3239.2
RMS (Overtone) /cm™ 64.1 179.8 16.3
vs + vy (by) 1889.0 1891.6 2078.3 1897.9
Vg + vy (byy) 1958.3 1966.9 2143.4 1956.0
Vo + vy (bsy) 1965.4 2011.9 2030.1 1969.0
v+ (ba) 2251.5 2290.2 2291.7 2249.8
vi+v; (bs) 2291.5 2338.8 2428 .4 2305.2
Vs + v, (by) 2571.0 2638.0 2624.3 2583.6
vi+ v, (ay) 2961.6 3041.0 3004.5 2982.8
Vip + v (by) 3078.5 3150.8 3131.5 3104.7
vs + v (bs) 3920.5 4075.3 4134.5 3926.7
V7 + Vi1 (by) 3931.2 4119.7 41335 39422
vg+ v, (byy) 3953.8 4093.0 41448 3990.2
RMS (Combination) /cm™ 95.8 143.1 16.7

“ Harmonic frequency (No anharmonic correction).

” Anharmonic corrections by the vibrational perturbation method [76-78].
 Anharmonic corrections by a combination of SHS-PF [70] and VSCF/VCI [72-74] methods.
“Scaled harmonic frequencies with a scaling factor of 0.900.

FAMY A5 ERMSIE. f40em FREEICIE 2 5
B OB EL VALV, ST THVWTWAG3E
[83]1%. L5 (~1kcal/mol) D= AV F—%H
WBLTHHMOMIEZMZ A2 HETH ., EBEOZLL
F—EZDRVEVEEZ S5 252 E2TLw, A7r—N
WF 28T CTHriRBoRE AL M Hke LT
DFTEN LK HWLNTE Y G3ik & ) FEHWITIE B
BREREGZDHN, TRIERTF Vv VI ALF -0
FENAr = VRT-LHEB LT F L EME 0T hEHiE
THRHRICE DL bR TBY, FERAEEET LT
BOHEIZIZE LT e,

Gaussian03 12 1%, FEFRFIMEZ Z BT % 75 FIRB)ET A
DX T arIMfFnutBy), FhIZL7z25- T, MP2/
G3Large &£\ ) LNV TEHEZRAT) &, HBAFIZOWT
iE. G3FEI L ZHAEME ) RIFICdsEsnhsE—F
BdHbH—T, WICELLLZE-—FVLH L7720, RMSiE
557ecm &0, WIFETROME L 2ES v,
Gaussian03 D+ 73 a3 ¥ & w2841, RALZE.O
G3. FEFRFIPEZE Z R L7z MP2/G3Large & H 12, f5E =
METICOVTH, BETXLEMHEMEIEO LV,

ChIZH L. #H 5 OSHS-PFiE Tk, AT D
RMSi37.5cm™ %0, $AOKEVLDOTHEAEE
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ldem ' BEET, BHFEOART N VBN TSERT
ELHERZ 5 2 Twh, £/, SHS-PFE, &0
RMS#316.3cm™ #& &% ORMSA716.7cm™ &, 41k
MICIER ISR LR T 52 Tnbd,

%8B, DFTETA Ty — VT2 WL A KR
b, R20LMIBEDLOITR LIz ZOFTHTIE,
I FLBEFBNEN T LD TEREM ZHAEDH D,
WAREFOHKRTHH BT, IEFHEDEREIZ A S HL
WHIAZT 7a—F i3, REDLOTH LN, 20
RMS i3, 3EAFIZOWT13.9cm ' T - 720 SHS-PF
T, HEAETORMSH7.5cm' T, A7 — VT % H
WeDFT#E L Y 227% ) BRI R %52 TB Y. SHS-
PFIEEIEBEICB VW TIERICENLTETH L I LS
bhb,

TR 7T 75 A8y r—JI21E FEEIcoOwT
IETFIEZ ZRE L7251, 5y - e e dbies e L
TWB 00D 505 BEEOFEVHERYZE L Chd
5 EIFEVEEV, $% 5 OSHS-PFEETIE, AT DA
HHT, - AR T REEELY b - TEOIRH
BEMTIENTE, BFOFBEERLR) AT MV
EefEy c BAETICOVWTHHEETE, Wb b Fermi
LI N FORITIZH B 2 T 5 2 LD LN
7207010 F72. RO FETIIHWETH - 72, FEHITEY
WIEE R EL 7 TAY—HOSTIREICHDEHTE 5 2
L5 72070,711

£ 312, X5 FIREFAICET 2 BUIRE B A
IRBOBEARF IO W THIR L TR CHF#SEIRIZD

Table 3. Vibrational Frequencies of Benzene/cm™

WCIE, Fermi #:ME AR5 0 72 05 & o L AYH #E 7
DT, TZTTRBEAN L7z BIRD7=DI2, 5 FHEET
VI X BEHEFI & LT, Cyvin & @ Sparameter € 7 )V
(28] L §F D MO/ E 7V [16,18] DA F % ALl R L
720 DFTIEIC X % SAAIIRE) B0 51560 (Harmonic)
X LT, B3LYP/6-311+G (2d2p) L ~VIZ X % 3l5E
WRE, A7 — VRHRTTHIE L2 W4 (Non-scaled)
EMIE L7234 (Scaled) & ZW_TiR L7z JEFIAINE
%#8 L7256 (Anharmonic) & L CVSCF#ic4k
< Yagi 5 D5 R Tk, P AFERZERMS 2344.1
em &7 o TH Y, DFTHERS T HHEHE L kL <,
VLD RIFRFBEIEON TR VWE)IICRZ S, L
ML, ICHRZE REGRPRELZRLTVSDIE. Eik
B Db, E— F (FHE#E1445ecm™ . E0E 1309cm ™)
DAHETHY, THERIT 2 ERMSIX9.7cm™ TH Y,
DFTEHE & ) BRAF AR E o T b MEDEIREE
by — K. Wilson® Cyvin® 4 7135 ¢ b [ E &
%o72b DT, NE¥ Y ORAMK—EIFHERRE & FEEIR
BEERKOOT ZIREHM EAEH D TR E BRI O
E—-FTH5[17,39]c MP2Tid. ZDE— FIZH-72
KTy VORBOREIIHESH L 2 EEHbN
%, Gausssian03 C. Freq=Anharm % f§ % L. G35k T
FHIIH % 3RO B3LYP/6-311+G (2d,2p) L )V CIEH
MIEZRD L X DT HE (£Tid [G3+B3] L g
i)y RMSiZ7.0em & 2, WHFEOT BT T LT,
ECH 2GR L CHATUE, 2750 BIF2ER25E 5
NoHZEBbhoi, #EH O DSHS-PFEO A 1E,

a

Force-field methods Harmonic Anharmonic

Sparam.  MO/8 Non-scaled ~ Scaled cc-VSCF'  VPT2' SHS-PF [84] Obsd"

[28] [16,18] B3LYP’ MP2 G3+B3’ G3+MP2°  G3+B3’
ag 794 987 1011 978 1003 996 994 999 993
Ay, 1283 1360 1391 1347 1346 1357 1355 1346 1350
€ 1571 1614 1633 1580 1620 1589 1611 1598 1601
1048 1167 1199 1161 1183 1182 1177 1175 1178
646 621 624 604 603 619 604 603 608
bu 1123 987 1030 997 1002 1016 1011 1007 1010
by 1520 1305 1330 1287 1445 1309 1291 1309 1309
1078 1167 1176 1138 1161 1161 1153 1148 1150
en 1402 1479 1518 1470 1485 1487 1483 1482 1484
890 1024 1059 1025 1054 1038 1041 1041 1038

RMS 124 12.8 26.2 14.6 44.1 7.1 7.0 35

“ Out-of-plane modes and CH stretching modes are omitted.
" B3LYP/6-311+G (2d,2p).

“ Scaled by 0.9679 (M.P. Andersson and P. Uvdal, J. Phys. Chem. A 109, 2937 (2005)).
K. Yagi, K. Hirao, T. Taketsugu, M.W. Schmidt, and M.S. Gordon, J. Chem. Phys. 121, 1383 (2004).

‘Freq=Anharm calculation in GAUSSIANO3.

"Harmonic terms by the G3 method, anharmonic terms by the B3LYP/6-311+G (2d,2p) method.
“Harmonic terms by the G3 method, anharmonic terms by the MP2 (full)/6-311+G (2d,2p) method.
"L. Goodman, A.G. Ozkabak, and S.N. Thakur, J. Phys. Chem. 95, 9044 (1991).
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Table 4. Anharmonic vibrational analyses of the water dimer cluster (H,0),. Vibrational frequencies and the average errors are listed in em™.
Sampling times of ab initio calculations required for respective methods of MULTIMOLE, GAMESS, and GRRM programs are listed

at the bottom row.

MULTIMODE GAMESS GRRM (SHS-PF) Obsd. (Gas)

CCSD(T) [85] CCSD(T) [86] MR (G3:MP2) [70,71] (87.88]
Acceptor Bend 1589.5 1567 1589.4 1600.6 *
Donor Bend 1616.1 1603 1612.7 ~1620°
Donor Bond OH 3590.0 3499 3585.0 3601°
Acceptor Symm OH 3625.4 3560 3660.4 3660
Donor Free OH 3697.6 3665 3725.3 3735"
Acceptor Asymm OH 3717.6 3608 3741.8 3745.48"
Averrage error 21.0 76.7 8.0
ab initio Sampling times 30,000 1,000 750

“[871,"[88].

MP2 Z#lAfrb2 5T, RMSIZ7.0em™ 2740,
[G3+B3] OWMYFWZHA T2 &, RMSiZ3.5cm ™ 12
FCEET LI LD bho72(84]

SHS-PFi:i2 1%, FEFIAIRBY AT OISR E 2 H o %
& HITEMR AR A RIS LS ERH L,
OFfIE, FERWICHVIEEZ AL T A —ICBWTH
FEThb, TOZTLraRTHIE LT, KGTF2EMEND
WA RZ, O PRI X R EHBRL T, 41K
T wEMWIZTarsa sy r—YouHhe LT,
Bowman 5 ® J51#:[85] = ## L 72 MULTIMODE. Gerber
50 J51(86] % ##k L 72 GAMESS. %% & » SHS-PF
#:[70,711 28, L7-GRRM =, ZNEIR L7z, A
WZid. FEME[87,88] 2R L7z,

Bowman 5 O 7 CTlE. mksEEIERFIIRBY AT 2 H AL
L2 RBBEHE AT THB Y., FHEE21.0em ' %
5% 721230,000 8] & @ ab initio M2 B L7z, 2
L. Gerber Hix. XV KERRIHFWICHHATE S
FERFIEB AT 2 HIF L CTH 0. FIyiEid76.7cm’”
TN T A E & 13V 2 2025, ab initio 54
DOIENE 1,000/ & %> THEY), Bowman 5D 7 70—
FL)BECFHEAMIBRBEINT VD, EHELD
SHS-PFii& v 5 &, Ex)FHE%ZIH S Gerber b & ) 47
V750 @ ab initioFH 55 T, FIiE80em & 2 Y,
FAEE 2 IH 9 Bowman 5 £ V) IREER 2 SREEEASER S 1L
72

PLEo X 512, SHS-PFi#id. &7 baIEICHEo»
T ST 2 FUMLIN T 52 LICEDLOTHMT
bbHIEWbhol, SHS-PFEIL, HERfTbRTE
FETIE, ToKEHUTELRPoRT VY VD4
KULEFTZ, kD4 KROTVTY) XL XD HIENIC
I /D) S L 2L TH Y. 5T
RFV T VDARLELT, KINRRT ¥ v Vild —fi
RIS 2 2 ENTE L7720, KTV ¥ v VIR &k
XY B IEF IR BT TH S 2 Lavbhoiz,

4. 5 bH U

KT vy Y VERBHTEOREZ, XVyEryBLY
PAHIZ B % 57 By o 7RI EH B O . & v ) B
MPHHEDTE A R, ALFPUSRRHIRR L ORI
LYo THIBLET v ¥ v Vo IERANED RN
B EE, STREEEEAN ST 2 AEIC Y M
B PEROTH %8 O L IETFRBI AT E & 5
HIENTE

NV ¥ Y OIEMMIRBY N2 5. ARG OFIyiRE
E ARABEBLTIZ20em™ BUFIC S 5 DIZWEETH % 2%
FEFFIEB AT I X 5> T10em  BLFICTE 22 & 4%h
Modze 72720, FEMAERENHNT L. TRV E RE
DRELEDHFIZEETS>TEY, EHICETBDOZ N
PAH—#IZ#H 3 2 1 REI L v T RITH L,
MO/8 12 & % CH fiitiiii % b < F1fi 55 T- By o T JEHAE
(. ARATE L &k 2 CIEFRAEAT ICA B AE D D
coronene (CoHpp) THIAE10cm ki Th b 2 &
MOy N —KRory NT—=27 % b DMRKD 7
77 xYY— MIEDLERGZEOPAHIZOWT, #ifll
B ZEEZ 72 L XV TIREPIRE (74 7 V) OFRLEBEHT
&, RADOF 7 75 ZAOFREHA TR R E RO
T& 5%,

BEE AWITRI. EREDPCAEIMIZER & L THESE
FENC 2 FE M IRE S . Bl TRamsay Memorial Fel-
low & L T Sheffield KF#IZHAE L Tz ZITHHME L7
7B 2 LT %o JRlE R, RETRY S L OHILKR
FOWIE 2 RRBEI B Ly —WEAE A & P 21 4F 2R
IR A, PR T E GRAER 5 21655002)
DG % 2T BHEALERAT I BV TR % D
720 WIHIC 1L Sheffield K%, BRSP4 F L= %8
FrORBFHEREZ M L, WAL KRB L O S B L
ZEWr Tl BB SICLVEALLZT—2 R
T—varEMHLT BRETo%. £ Tur T
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LARFERZOIRATIE. £ < 0EFEBZEE I L Tw
Te72nize & ATHGEAT © 72 FEFFIRBY AT (2. BB
W (BERRAHEMEE) 128 E2HADBRKRE W,
AWFgEIZ. oI YD OSN-bDTHD L
EAEL. ZZIWEEHT L RF5,
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Resolution of growth mechanism of carbon microcoils (CMC)

Seiji MOTOJIMA*

The growth mechanism of the carbon microcoils (CMCs) has been proposed by many researchers.
However, the proposed mechanisms were presumptive idea without experimental data or theoretical
consideration. In this work, the growth patterns of double-helix CMCs were examined in details in
relation with the deposition regions of the CMCs. The coiling-chirality (coiling direction) of the CMCs
was examined using Ni single crystals (100, 110, 111) as a catalyst and substrate. It was found that the

coiling morphologies and the dimensions of the grown CMCs were strongly influenced by the
deposition regions. The coiling chirality of the CMCs was not controlled by using Ni single crystals. It
was found that the surface of coil fibers were partly crystallized and nanotube-like microstructure was
also observed. It was suggested that the CMCs was grown under rotating the tip part of the coil.
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Basic Studies for Development of New Functional Materials
— Superconductivity of Fe-Pnictides and High Temperature Multiferroics —

Masatoshi SATO*

Experimental studies have been carried out by using macroscopic and/or microscopic methods to
construct a firm basis of pursuing (i) high-temperature superconductors and (ii) high temperature
multiferroics. On the first subject, we have made much effort to identify the superconducting symmetry
of newly found Fe pnictide systems. We have mainly studied so-called Ln1111 system or LnFeAsO, F,
(Ln: many lanthanide elements), which has the maximum T, at z=0.11 with varying z.). We present
results of the studies of LnFe, M AsO, F, . (Ln=La, and Nd; M=Co, Ni, Mn, Ru) carried out to
see effects of M atom impurities, where we realize that effects of nonmagnetic impurities on the
superconducting transition temperatures (1) can only be explained by considering the §,, symmetry
with no sign difference of the order parameters A between disconnected Fermi surfaces around I" and M
points in the reciprocal space. We also show that various other data can also be understood by this
symmetry in a consistent way. These data exclude the so-called S, symmetry predicted at the early stage
of the study by considering the spin-fluctuation-mediated pairing mechanism. Our result implies the
existence of a new superconducting mechanism in these five-band systems. Here, a realistic candidate of
new mechanisms is also discussed.

On the second subject, we have been studying LnBaCuFeO, and related oxides. The highest
multiferroic temperature of these systems is about 270K for LnBaCuFeO,. We are also studying various
spinel compounds, which are expected to have non-trivial magnetic structures at relatively high
temperature. We have succeeded in preparing single crystals of YBaCuFeO; large enough for neutron
diffraction to determine the magnetic structure, which enables us to solve why the multiferroic phase is
realized in the system at relatively high temperature.

1. U & (<

R 2244 06 MfZEF 07 =z u— & LTOMZER MG L7z, 22 TIH LR E OS2 38, ks 72
JEWIRET, TORENBINSGREMET 57200 LED-VEEZEZ TS, BT, (1) FRoOERBR
BEJNEHZ DT 2078 L LT, [#ROBEEEEISH Lo ofwicEdzs2E, (2) ¥VF7zu4y
7 EIMHENZWER (2 2 TIIFIC, BT & BREA DB HEG L TEFET 222328107 %) 2=l
ETEBERAIE, OO HEIZLTWA. ((1) ZISTD [HHAMENC & 2 il s iy | ORE [§#7
=27 ¥ 4 FRBEEREEWERT] OREZ L LTHRINV—T L LB IHEZIToTWAELDTHS.)

NS DOMBEDOBEZE DTFICHET 55, BHBFICE > THLDAFITOWTWRIE, FE%RMRENDFEER L L
LTCOREPIFEALEFATELT, TOEKRNT—7 25T 452 LIZHEPRLIOT, MHROTRSZHLICL
ZIELHEOARTORIMICHR D Z L% THEMVIZZE 20,

201141 H31H =8
* B HPALFWF5ERT 7 = 1 — (Toyota Physical & Chemical Research Institute Fellow)
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2. HROBMEE

21 LI
EinCTHEIZELEHT 5 2 L1E, WHPRHERF S BOMEL EDLH-HIZL > TOEODLDTHS. 1986
42 H O SERALY) B iR B AR D FE WL (1] 535 2 7 32 2%, WE G WIS O, S S &M E o Mkakn -
METICRAEIEZEZNE, 7282, TOWBIRE (1) PERITOLDTH-> T, ZOEEISD ) 1 VIR
L. oL, EDOLIBWEATT.NEL 502 FHTL2 813, ZORERBEIICHATIIDILIICES TEY. Fh
EFBLED T 20121, EBRICT.OBVWE AL, TOEMEKRNFFLZ S &I 2BAERQTHL 2 &8
REEETHAH. SR EEBEEERDOD L 12H, 20 IABHORKE, LROBMEEMEIER SN, HFEONS
2% o> TWwAD, ZOMRENWEIE, MgB,, Na,CoO, - yH,07% & T, HTRIE, d-o&diEHSNTWED, #§RE
ZEKTH 5[2].
COWE ORI T, 13 56K T, SHRILYR % BT I3 R
° HEV. mAICHR & M7 D H LnFeAsO,.F.TLnl111 (Ln=
Ty URHEHE) LIFENSRICETEHOTHS (K11
ZOMEEZBRIR L), 20, Ba(Fe,.CohAs, 72 &%
CORMVFERIN, FUROL S NEH S NLA, AN
FeAs EASBIZEZ B I TS, Bz, Lallll Rz &7z
LX, ZOBEEAXEZLIATETHICEELZ LIE, 2=0
(Fe DififiAs+2) THORBEHERIF 2> TnH T ETH L.
ALY R & MR, 22 ICAMW%E F—7 L, FeAsliiDfmEE
THEEZE SITBEENEN:. BARFECEZEL-CO
E ORI Z, L, MROEES, 3 L IEmse s &5
BRIIED> TR DL TRV REE D [34]. &
D &9 BB, R ROIED, EVETRTICEONTVEILEEZ, FEFLIE, o kL
HWw S Tw5b “unconventional” 7 B{=E & OIFRRA S BEd, H1X% “conventional” &2 d D EIERIT ) 25 & 4 b
Brambrzozdb DB oTwh., 2T, conventional iR & 1%, AR, HMZAZEBET—HTHEMEHICE ST
BT BBREDOZ ETH LA, T.S56KIETLI L2 INETTHHTA20RHELY. 0RO BEEEVDIZ,
COBEESF, BRAEES, dLEBTPSEIrBho/k (EESHFEIBEKRTD) conventional BIZEFETIE &
{, “BICHLWMEB 2R LAIIRRLTWVWREXITHA . EH LI B LV oWietkZ b 5HEIC AN TS
ZRIE L7 COSKRBIEERD ZdEBTROE N RRTH—N Y FROGIBILW L R D2 LR, T.OBHWE V) N
TEVWETRED ML T 2L VI BEIS, HLVEHEEZBEHT 2200882 TWenbThS.

1. Lallll O 2 BEIR L7,

22 #HRBEEOXMIMHRE

PRRMAEA, FROBIRIIEZONE LD TH I a5
ROLANZTEIR ZOROBIEEX Yy 785 X —¥F —
(F—=F =T A= —) AODNHEEEZRET LI LTHS. b

L. BEEREI AN S b - T 02 b 0% bIE, B » S symmetry £4
WNRENZEBY, S, symmetry & MIEN S b OEBLT 7]:—5'(—/{5}90)

23T TH5[3,4] Z0HE, YR TEENOTHEYIZHS
K= VDTV IMEEMEEADIZHL2ETOT =V 3T ED k
ADFFENRR2D L H WL TS, —J, €15 X LAl
LN THAEMER R E T 5, REDEWRTO con-

FEMTOHS

ventional B{ZETIL, §XRTHOZ7 = VI ETADTFSIZE D N- -
Law, 72720, Tkt Bh, 56K F TOEERILE (J
RERS D E AL I k,

TIT, FTANOLIEE, M20 L) il TERENS
Tz VW EDOF—F =85 X — & — ADSS, symmetry EH o> B2, TSN 7 2V IWMEHEMEDR Y A5, The

TVBHEIE (R FOMDF — 57— 135 X — 5 — 7 ok, WEO7 20 SIHIET 4.
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RUoTWBEAICD), BEEN, FEHEAHY (F—78NRl SITHAT— A Y 2R OAHMY) OfFFEIC
FHLTEDDOTIHNVI L THD. Thbh, FMWCLIEERETHELOMECT.2S2FICTHRLTLE ) WMEAM
WTRE%BIHTHAS). ZTN%pairbreaking R EIFE. FEHELIE, O L2 MEREDLDOVEODDOFEE
LT, MowohoFEEHH L THiEZED T 72[5-15].

T3 Loll111RICH L, x=0TT. 2% K (Ln=LaT~28K, Ln=Nd T~56K) & 7 % X 9 125 L 721b% X LnFeAsOg0..Fo 114
ORXDOFeD—E%, SHIIMET Tl L2 o 1) — X LoFe, ,M,AsOqg0..Fo 14 (2 LT, T.0y K% #~<
72, K3IZZ0KHE % Ln=La, M=Co,RuOHHIZOVWTR L. 2212, MET %2 F=7L%Ww% (y=0) IZHEE
LO—FO@EMEE T 2B OMENEZ DR L2, ToRalE, BRMELD FeAsTITOREBRTIZR L, 2
o T LaO i COEIRTH 5 MITHEI N2,

COWRICBNTINETICHAAAZUTICE LD TRY. IMHI13Laz NdTTRTHEEIHER 72R2°M=Co,Ni,
RuDTRTOLHIZOWT, BIH %L ETT 2. (M=NilZOWTOERYF — 7 3RBEELZDT, 22 TIEHEEDOM
BRRBIZEEDDN, ENHIE, ENFEFTOERLOTEREZ S HITHEBICLZDICR>TW5S).

QLnll11RIC F=7 ENARMWILEM(=Co,Ni,Ru) I ZRFEMRE— X ¥ M EF 2 WIEREAHMY & L THLE
L, i 1fldz0, cheh, 1 24 OMOETZRIMHET 5. COBTFELMIIHLT, 72V IWMTO
BT IREHE O AR E T AR yOMEIZL - T
W74, T band DAL, Fe— MO X - TK LaFe1.,M,ASOy o, F 011
IS, ETHHOBERT, Ny FPEFTHED S — T T T T T T 1
NI ANV EF—FHEAZLE b TV EIFICRAS (Thb
5, VbW B rigid band B AL LTV 3). S, 30
KON F—E V7O BIZE o T, SHICHBICR -
7z.

@®Fe—M(=Co,Ru,Ni) Bt O—>FEIEIC X > THEL BT,
DOEALIE, KRELZEEHIHENL 3, LaFeAsOD
[FeAs 1@l F—7 S 7= BFOK[M=Co,Ni Tix, % .

. . < F-doped (y=0),
N ZNy+0.11,2y+0.11, 0~ F T ldx+0.11]1 7213 TT. 7 / el. number changes,
PEENTVEIETHD. $72, ZOBTED, 133k 10 .
EOfl (BRETH) \ELEE ETAWATOS (K N anges R
2). ZOfiE, F=7ENLBTIHEI—NVOT7 = )VIH u

(M2OTEMY 0 b o) #HHRL T & EOMICHET .

DT, BUBEOFRIUZ, THEMEOH ) D2HD 7 = 81' 0.15 02 0.25 03

VIWOFIENEE L2 L %RT. B, Fe—~Ruld x+y+0.11

isoelectronic = TLHE B % D CET MBS V. ok

EOTEALDRBD T/REL ZoTHIZED, TOID

gﬂ La-Ru (x=0),

el. number fixed

T, (K)

3. LaFe;,M,AsOys9.Furo1i % D T, % Fe—M=Co (x=0), Ru(x
=0) £ O—=F(y=0) 22V T, /R L7z, Hillix LaFeAsO 2

DIFRBIEL W L 2R LTV 5. F— 7 8N7fz8E T H %, M=Co & LaFeAsOyso..F..011
LT L, T, METIC L 2 EEEFHELATAC 122V TRY. M=Ru T3 {Z5E T M & fil(=0.11)
WBLEWI L2 bERT 5. 5¥%5, Fe—Co, Ni® THL. BRI, S, symmetry & FHEOBEIC, LaFer,Co,

. s X . AsOggoFo 120 L CRME SN T T & R T
BrEr O T, DRV, LaO i IAEBE T HHFAE L 2 0 s Towton em

Wz, FLELAMPEESTFAEL L VO=FOLE LR, LALEVELZWVWRALTHAL. T2, EEBETH
HELZ 2T A5 M=RulZBWTT.PE LD, T.2ROLETHICF—=TIZEX 280 bE LTLCH
RTED.

IS ORI, BEENHEICHET2ELSOMORTICEREEZ 530 TH5. Thbh, ZOBRED, 7
VI H O ZH CH O 5 &2 A YA H 515 133 D pair breaking )R 134 < K 5 MF, S, symmetry DT
HEIIEEDZENRLVRYVBESINS Z L2 WilioT\wb. Hi92, pair breaking lin 2 i o T, T.OAMPEGELC X
% T REHEE % S, symmetry 2 RE L CTRME L TA & 25, LaFe,,Co,AsOggFo DA, 3OO X1k T 5.
COLE, FHMPELFIC L BEEEFHELO MR S 2 FEECTHIN L7235 o T b, Th & EZER RO
5 3 pair breaking R ASH BITHAAE L W L E—HEATH 5 [FEL < idref.9]. 4B, Ba(Fe, ,M,),As, & 2 7:
AR OFEERE, % K OMBEOMIITHEITH LT, FH S LIIMIHsbcirbi, ZZRABOKEIESTn
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10 T T O 20 40 T
ol LaFel-yMnyASOO.SQFO.ll LaFe1 M ASOO.SQ];/E) 11{/[11
B e M=Co T
) .
3) o
- . -
g SN
Q i 5 i
! 1 % : b
0 100 200 300 -0.05 0 0.05 0.1
T (K) ~y(Mn), y(Co)
X 4. LaFe,. ,Mn,AsOy s0F 11 % f R 0 BRI OB (EX) & LaFe,. ,M;AsOqsoFy 11 (M=Co,Mn) %k

AROT, (FHRX).

516125, TOMAFOFEHHIL, ZITHERLNTWS X%, PWHNERzEL LTV RV, (7B, dEONHEE
FEo MLy B B AR O A 12 b IEREPEAKY 12 X % pair breaking 2SIHFE S L2, RHPWOBLELAR T~ ¥ ¥ VA
WL B EWIZENI/NES L %D LI single band ROFFE D 72012, T.OTFREIE, 21N FaRo8RE D/hs<
hoTWh.)

®—7Ji, Fe? {4 MIMn% F—7 L7 LaFe,,Mn,AsOyg Fo; (M=Mn) O¥ED T, O F R#EIdHd TRE L (M4
1), FRlo¥E L IMRINT, H7zn b pair breaking RN T ZEH IR 2 5. ZoHEELAL, ME
OB NTH S, Mn F—=TEATL Bm OB THIRE FRLE & HICHN LI upturn 2SHFE T, h
AMnDOREE—RA Y MILAT.OKELRTHEEZDL /L LTWEEEZONELL bRV, LA2L, MnZ F—
TL7ZRICES T, HE L ORI L TE SN AT 2R p OIS LTRSO X Hc7ay LT
AbE, UTOXIBHENDLPoTL S, phABLZE25~3mQ-cm TT~0127% %25, HAHEOWA I
NP, BBEPICATZOIMBE EBEBRICARD 5N 20T, ST % A G FeAsT @ sheet
resistanceRy (B & lcm, M 1ecm® IBEOIEIT) 137-9kQ & &b, FIZ TN, 2RICRDEFEHMFRIZE N
A% & X O critical sheet resistance Ro=h/ (4¢’)~6.45kQ & L 5B LTWwWab. Zhi, BEFRERRIC L 2 8E
BOWEERLTWDL L) THLHA, TOBRIE, FFICsIEoFEE D o 22 CROBIREATRDIBI DR
TweEZLNL, F LTFLLIORLITALNTVLIDIF T %L, dIOXFMZ RO SR i
23848 % @ Bi,Sr,Cay., Y,) Cu05 % [17] %2 underdope 8% @ YBa,Cu;O,[18]1C b SN TWB Z & ThH b, B, %
AR COBEE TR SRR TR, L) HEERO D OIGEWEREIYUEp B HONE1ETHOT, T2 T
LA EHI D W T S N7225~3mQ-cm & WHHE D /NS b L Bb s, M=Zn Dk TIX, 51212
BEOHIZZ>TWAD XS ThAH[19].

60— T T T T 1

i ® NdFe, Co,As0,4F, ;. p(51K) T

ONdFel_},Mrl},AsOO_SgFO_“, p(51K) 1

o LaFe, ,Co,AsO ¢ F, p(30K)

W LaFe, Mn AsO, F, . p(30K) |

40

T, (K)

20

LaFeAsO, F,

~ neutron irradiation A
/

h 4 p(40K)
= \ RS Karkin et al

3 4
p (MQ-cm)
5. LnFe;,M,AsOF, 1 (Ln=La,Nd : M=Co,Mn) D% { QA CHI S 7z T %A p
HArtt, FRBIRPUE, KR T upturn 2 B & 720, RIAFIOR SN72IRIE TOMRPifEE L7,
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INFTRBRLCTELILEZFLDZLEUTOIHNCHDE. AMWAT. & THREELERITIL, RDO3IDODOEMIE
Abhb.

(1) F=7ENLEBTHFF—LO7 2V IHEZEDIRLT
(2) *—=F =37 X =5 —DOF5OREIMFIET % & ZIZH 515 pair breaking B 5
(3) WTFRERR

ZDHH, KEBRTHRZATEZDIZ (1) & (3) THY, (2) Dpairbreaking R IFH O ad o7z, Thbid, S,
ERRE Z BB IS 2 LT b,

T, Fito#RE, FJSROBZESMAL L "BEITH LW 28HoTwasZ 2R L, 4%, oK
AR ERIRR OP 7 B 2 PR T 2 WRENR A TEZ ) TH A, LaL, T2 TR ZRIEOWTORED
X EZRLBT I, ZOBEONBMEEZFAETEL DL LT, 27 2V IHEDF—F =35 2 —5 — Al
OMMIF5AHG-T 2 ZODBEIIOVTHRRTE & 72w,

I P RESIE A RIORLIC X o THIE SN ABSIEAXZ ML y"(q, 0) TH D, ZDy"(q, o)k, K2OT K
O EMBEREYO7 2V IHMOELELRZ PVITHIG L72gDiE TREL L A2, 3 LIOZ207 =)V IH L
TOA,ADFGHRA—THENELRLLEEL TR, ¢"(q, 0) OFIHFIET 5 A X A,DHD2HIZ, ZOITE
23BI . Fe pnictide R TIE, ADS WHMEZFOY G, B2 PR TIIg=(n,0)1Co< (A +A,) DEIZHNE—2
AT CTH L. Tk resonance peak L IFR. —J, S EMEERFEOACK LCEEASER L. EBIZIZED
P o LIEPIA =2 OB ED/NE R DNg=(n, ) DN TS LHICRZ A, it Lild resonance peak
EFRBION? ZOZEIZHLTIE, BEMEHEEMICE T 28N (BEEEF N ZHMA T ZVES) O
damping DE N2 b EHE L7z LWETET, S 02 Ro56TH SOdHIELZ OB G IR TIROE WY — 2 3
BhsZ ewbhoTE[13]

FEERIZIZ L) 22 DU, 4 2375 72 LaFeAsO, o F) | DZ IOV TOZERIL, L) R KRAVWE =7 2Bl L 7212
T E Lo 72 [15]0%, AR, Ba(Fe),Co, ) ,As, Diftidh % 300813 &4 THT o 72FBRT, MUTEIUIE 4255 T IC
if29HYE—27Z@BMT 25 ENHR. FELWIITT, 2OE—273S XD bS, OWNMETHRICHNHTEZSbD
o TWwb I ebhrol. BLZLWE, INIETIIHEELINLT—FERELQBRLLRV D LEEDLNLY, 2
DL o TH%RLTD, S, IDBSDEBEZLLLVEVIEZERIIFolee T b ek LEEZERD. C
DEBZELVEETE2HDIIT 57201213, KBOHRMZEMT L EPTETH LD, ZOILIZOVTHEE
FERE G ERD D o7z, BEIPA4SgORFERR ISgDHEMERDPHON TINS5 THSH. ThzHezllEix, BUE
TR FEERDSE A TEB R D 5.

51X NMR OMBESHERAISE UT, Th 2. COBEERMITERHE, A X A,OHOFAED DI T I T TS, 1
%t L C coherence peak 2B Z A3S I3 BN v, LarL, R13 Y R 1O damping DR REDORRAZEE T S L,
DE=I DS L THN L DI EAREND. TOZEDBSOHFFILELLVE VI E I fFo/2ENITT
W5,

CZETHRRTERLIHIL, HKROBEGEED, “BEICHLOVEB”ICL250 L OV iFIiZa L, A4 IEAHY
ROMLZH LT, " EOFERZHLOOH L. RIZBENLZROMPITIE, HROBLEZRERSIE TV
BRADL"EVIDBDTHS. S WML EHFIIENEEZRILLE, TV EHETATTELTREITHAIEL T2
T (exciton) #HETH L. Zhd, 7+ /7 YRBEHEONRD D ICEFRETFPMELZDDTHLH, £ PR
Dy, THED b o EBIENZ S DL, BHEOIdETHEBOE T 5 DOW S X (orbital fluctuation & X A2 & 12
%) BET - ETHEEAZERODIDETH L. ZoLE, FHWRREOMEUINIERE SNL0H, ZOFROM
BIHIZ LT RO N MEMEE TH S, LollllREHBN L UL, LoFeAsO, FIZBWT, xAVhEwE 25 TIEl
BB ASIRE T=T CTH Z 52, €DP L LOWEET, T tetragonal — orthorhombic DR AR B Z 5. S 0 Ftk
ZRELLHHIE, ZNPEHEERTICE o THERIND D EERTD, RUIGKA V VIT ST OERH L Z &
T, ThZREIZZT DN, WEMREE3dETHEROET- DM ORTIZL > TEIGEZ Y, T sk
EHFRTDLEVIDOPAYTHAS. $T74bb, tetragonal = orthorhombic DZEALIZHFIE L 72 Bl I FE 15545 DAL A
BFEAR (747 7) ERHEGLTET - BFHEEHEZEROLLEZ DI LI585, L, FrdranTaizEz,
[BdHLER OET ER] WET - M THEMEHZmROL L VIEZ EREIIEDS RV, it Tesanovic 5 5 <
MHEZTVZETHB[20]. (HKADVPUPOMLT, TOLIBEZERELLLEE, HEH S, “Tam
reading through your new paper like a man possessed! It is amazing how fast this field is moving?! Your results are very
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important and encouraging forus.” W) XA =LA E, THELHFRDOTOLNALT L AEELTWA.) BN
ELTIOH LWBIREBHES R SN0, BRI V=T LHBRT IV —T12 55 ([21,22]

21—‘%&:. EFOFEHIL, 2010FEEFEO8HICHK, 11 HICHAKTISTTRIPO % 21r, THICHT A8 % 42 L

L RERELT, S o BPEOW RN L 208 L WM, % b, “orbital fluctuation 23EF - M FAHEAEM %
ﬁwéawoﬁﬁ WEBOBIRERIED /T 54 Ao TWIFIEREI N LW LETH S,

& T, Z®orbital fluctuation #¥H %, FEERWICHBEMERET A1) T wh, ZOZFRICHFM2ERPLTE:
B, FNELTLIES TR R, 7, RTFROBNEFHZIERRTARL ZLEPEELROT, ZODIILEE %
5 WA OGO L7258, Eibo & B, Ba(Fe, Co,As,) TREAIEHMERELDS K72 2 & D13h, — MO
7203 T H TIPS AMT 2 2 KILO B fidsBa(Fe, Co,As,) R ZDOFPARTHR LN T WA, £/, #HBHKFED
FER TV — TR R L, BREMERII VTSR > TR WiEEHI BT %, B EROF LVWEFE LB L Tw
5. ZHOHD, SHEEICBTIHRD—DTH 5.

Vb, SREBREEDO BB OM GBI OB R IOV T, I RMHEICER L TE 22, ZhiZowTRhzE51
DWTI, W HHY A P ESHELTCW AT RIEEWTH L. ZOMRIZHEE»MES & LTIST - TRIPO X%
wZlF, BRAUN—=LEBIT20084FEICA Y — ML, BHEUNIB2HAEDREZL LTOIME LRI TS [#
T=r 54 FRBEEEWHRT] O—REL2TEDOTHL. &I, BPUPLDRA U NN—=Th5b, /IhFEHHEHK
B, BHERPH, S HLCBBRORFEFEBEOHININEDDTEETH 7. REHTIRETHS. &6
12, 20104ED 5 7 v — T o TW e 2 W2 I BEATIME I 2, BHIEST, FIF—MomERO R, 6121k
HE R % B AT S AU 72 o T4 1 W 72 720 2 B DI O A AR AR M RIS BALAZ B L EiF 7w,

3. BRIV F7IOM49Y

3.1 EL®IC

RIVFT A v s, 2HEOMNBEEN AT S
REZTDHIOE L THEDNHEDL ) THEH, 22T
i, BREETED L IR & v o AT L RiEE
Bl e LT ET Ax0R 2 3T L
T 5. gk, ZomRNELmFERY & ZFET A
ENHFELWEZEZ BN TWA, EETIE, B2 IR
LRI, AV Y —WHEMEEHZBL T, MmiFEE
ARBESELRNHELRONL I ENbhrotzs. 20 re—
B o0 Fh S MRAF N5, H-1id, BT VO, CuO,
ACYHYRIFLCHROBMTD D, 5 =TT gg o) Lvewo, ot (4 1) BHCuns i, B
&, WITOTVT T =gy 7 RERRLT, SIS BERELAR, o/ || MBI K 5 07 2 OB ORT, =
LW A2 ERTITA S &) ZEEDEY R+ 2 NHBVAEDREVELITOLD ) HVHEER & 5.
LTHAB.

T, SR B (5 AR 5 #%t%tt COWMEHFMD S B, BEIEL XORELIOFHLYER S %
o 7ok R E LT, CuO,NATEDLIAIZ L 2 —RITH (CuO, V) K1) % F2RDLiVCuO, H3HE 5 7 i M i %
oz L, é%’,%wmﬁﬁft&%’%*%ﬁ%ﬁvw%7ln4v7%f%é:k%%ﬁttﬂﬂﬂ.:h@
AEVS=IRORTAE VAT, FEPICHR S NALICLO,R5E EDICHOBIL ZozbDThHD. H6IC
LiVCuO, TR & N7 IR C ORI 21 L7225, 1|/ | ASHAIIK X 0 &5 CuO, ) K v SOk L oo
72012, IETANT—DAYE VEEDR RO EDIIRELLWE ) RIRREAHTL S (A T7FA ML =T 3
YORM) . EBIE, LS4 E, KO XD QO bV THERT B AME (N VG B LB,
oL E, EHEERNRAEZLOT, A VHEHEEAZEL TR6A FICPTRENEASHIBHNS. Ih
B ZORTOYNF T 204 v 7 HEBOREE BbIs. LiCw0,T b4 & S, HA NI IZ 7 R
#E[2526] L LDV F Tl y ZHHSHT 5.
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32 EEREVLFT7IOA4 v IFRRICAITT
FROIIBZERTAE VRO VF 7204 v 7 RENICHHELEL, B
Db OORZEE TEEKEVD, BT A Y ROBR KRR TREZ 25485%
WOT, FinTYEHEZITR S &) ZREMEOERIIEIAME TH L. £
DX HEZITIESTIE, XY EIRE THRART 2O RIEH LaThid
v, ZORATRACER L7z LoBaCuFeOy (LnidY &4 18T
F. M7 Lln=Y OBRXWHEER) THo. ZORTIE, BBEERT SR X
DIE2DITE VIR T ~450KICA BN D, —TF, AE YA LEEROANY Vi
DX IICHAMM TR VARG S & 2L T ,~180K T, MFEESKEIT 5 & Ot
HEBHoDHZDOMMETH 5 [27]. Ziiahx M7z re ok EER T
SHENITHM TR WHEED MR S NS, ZOMKMEOFMA Do TES
3, MFBEBEICOWTOFM LM Thawv. 512, 20RO THT
FLnd 3BT REBERILHED, o) ORE, MOTETEBRTELZ L%
LT DL, 5HROMRET, < VF 7204y ZHPENLBED EADBEZS
N2dOTIEZRwhy FE Y>TmD #E# % 17 5 72TmBaCuFeO, T 13,
T (210K TH 2 Z e bh ), MFEEDZOMED ) 25HATW
5 [27]. SHICHET 5 BAR T — 7 O—#HZX8 IR L 7.

7. YBaCuFeOs D5k o #ist X

3 T T T T T T
ot 7, (@) £ (b)  [260K
+442 V/mm J 5 o
R S ﬁj % 1/21/21/2
E 1_ ] E ¢+ “\%ﬁ’
~— 4 [ +
%0 z _#’#Mﬁw %%
-1k 4 S o2 t e ¢
A 2 t ?
20 -442 V/mm ] ‘g ++ 6
N B evewentt ) R— e
100 200 300 — 0 100 200 300 400 500
T (K) T K)

X 8. (a) TmBaCuFeOs 2 & N7z HISEA M P OIELAL L, (b) (1/2 1/2 1/2+8) (BN 5 FE R 2 A% % 7R 3 SO ol 41k

EHPWFCIE, AR ORI TAT O M R 2B T B il RS
HY, ZOVH EIFPLEICRD 2012, THREBEIZEL >TSS
DEHEMFER L TOT, FAZRLZ LX), 3, ik Q

B Z 2T, T TORSHEEREIC L > T, Wi~ VF 7=

OA v 7 OFRBUSHEOMNZ B L TE L € OHRRIERIESE

R L 7225 X5, PRFHELCHEHTRZRE EO

YBaCuFeO # A 6N B ICE 572 (ZOGHEEXSIZHA 7).

Gk, INERACT, WIS X 2 MRS T E R 2T,

CORDVRE, BT, 2RO WTHL 2L TW

CHfH IRz, T72, FHERWE & BSWE D720 OFE % 4 %G _ _
L, BRIT =5 iDL, BRRBICEoTETE | e -
TTAER LA DPIZOVTHER TS, B9. YBaCuFeOs M 55 5

B, Wi VF 7 =uAf v 7 OBAWE I, LnBaCuFeO, (2
BRoZwv. IR, AEAVREZ D) —HOBMMWEL LT, B2 REMPCONTOREEELEDTVLED
HTHAH., TNV THTIREEZATHE L2
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COWRGEL, AR - PLEEDTGER O N REATRHMT B E, R, & S/ IR EEIZ O 3% - T, » L
TOMBEIITFSTELDDOTHAL., TIIWHELZELW.

(1
[2]
(3]
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Two-photon reactions and isomerization of some methyl substituted benzenes by a VUV laser

Nobuaki NAKASHIMA®, Naoya MITSUBAYASHI™ and Tomoyuki YATSUHASHI**

One of the findings in a series of methyl substituted benzenes, C¢Hg.,(CH3), with n=2,3,4,6, and
perfluorobenzene in the gas phase in response to 193-nm laser flash photolysis is p-xylylene
(benzoquinodimethane) formation due to the elimination of two hydrogen atoms as a result of a two-
photon process. The results can be explained in terms of an intermediate hot molecule formed by
internal conversion, finally leading to the ground electronic state. Quadratical dependencies on the
photoproducts were observed for toluene, xylene, mesitylene, and perefluorobenzne in the presence of a

foreign gas, while linear dependencies were observed for durene and hexamethyl benzene. Dewar-type

benzene was detected from photolysis of hexamethylbenzene.

1.1 U & (I

19MAHEE, 1Y Y TH AT Tz, M.
Faraday i3 7 A ) ¥ & — |25k o 72K & #5300 L,
18254~ ¥ ¥ v % “bicarburet of hydrogen” & LTI
L7 2oz 2w T, Kekuléf 3 (18654F)
Dewar X v ¥ ¥ (18674F) 72 &\ DD R IE
Ao, ERLOERIIIRYT. XvEVr 7 Ligk
5 B RN DZEH D < D A 1E 1960 4E 18 12 R IS
Lo TRELZEIRENT, RV E Y OWRIUTERINT
#260nm LT O RICH B 720, Fhlete LTEAE
BRIV O N F72, 20X FIVEREONL
FIG T PV AR FESINDE LHITAF VIO C-HEE
GOYWEND 2 EAMENTNS. (K1)

OO NG ~re
@‘CHg ﬁl/VS()M —> @‘CHQ + -H

1. XY ¥ & CH DREWRMAR, ZoxF ViEE (br
v) OREFEIE.
FH iRV, RUZNL Y, Dewar Xy ¥ Y, TN,
13-~"FH T T r-5-1 >,
FH: FrvZroky T (S, RRARVINT VS
VA~ C-H fi k.
2011420 1 H =28

I AL R SR T 7 = 1 —
RPN e BRI FE R

ARTRIXRYEY, ZOFHEROERI, HZENL —
=2 X 2 EMONIE DR & AL, 2TV
BHYRTH IR ENLG, p-F Ly b 28T
e Tp-F TV L VDA, BIY, AFHFXAFAXRY
o 1 RBFIEIC X 2 ANFH A F )V Dewar X v ¥
ANDOFHALIZ O N THEAT 5.

2. N tEy, ZTOFEEDUV, VUV
L—H—IlLBRIE

LA BT 5 KIS TIIMED TR 2R TDH 5.
(K2) bk s N720T O 500 X —Fuk B Ttk
XV Jablonski ¥ 4 ¥ 7 9 ACHMEEINTE. Thb
5 SN Fo—BIdEEE L, —EiEAE
AR Z ) RMRZE L ZEEY AL 5. 5k, &
R DG T D613 2 O T4 { O3 fE
ThHb. LeLahs, GHMXYEYoggIEIhEdT
TRNEEEYE SO ANVF NG AP TE
3, AhED L) DDOHOI AN F —HuREFE A N
RBVENH 7. ORIV F -k BRI EIF v
YARNVEWEINZ, FORL ==K MY ¥ ADORERE
3F % ¥ ROV ORBL AR IR IR O B IR B IR
BAEULLWITERTHL I AL L o2
T TRZFORERED SRR IREE S, & L,
Ry MrT LR,

T, 248nmJihite (Sy, "By, DS IRBFIEIRGE) T, S,*F
DB IR 60%, 193nmlihie (S, 'Bi) TS A1
1212 100% ORI TH - 72. 193 nmFIE DB AL S,
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3 Hot Molecule
3400K
ISC S
©) S 0= —)»
T4 —— Reaction
. — fromS,”
e}
2 I
e —
So I
2. MR ENI2R ¥ DI OV F — kiR,
HOED, SEEAR@IIMA Ay PRV E Y (S, Hot Molecule) %33 2 8B#45% 5. 193 nmlih
FOWE, L7z S 13 3400K OSAMIREIEIE L 2 0, SUS (C-HIFMES) AT oRENPSRE 2.
a) b)
10000 -
E
o
< 5000 |
W
B
A
[ kmn
x0.1
0 ] ﬂl\ 1 :Li..hl* il

180 193 nm 220
Wavelength/nm

260

00
0000
00000000

3. a) HEE (193nm) SHZEH (20ns) ONVELYOWILARY MV (k. @), FEi (—) 1S, OFEy23L—Yyars—7,
MO VBB EE (RT) OWILA <2 M v, 180nm A 3 "By ~OIRBY FIREEAS LIEWIIL. ZhasS," " ClREEENIZELS

JED (1) 12193 nm DGO E % 7R F.

b) S DANRY MVAIEN-TRABHE. (S, v a3 —Yarh—703HM) Kikd 2 \WIZRT TS TR WREIIC54i LTh
D, WIRARZ MVIRIEOHE VSO EFHIND, BRTEEVIRREBICL 5 L, #FEE LTHEROARY MUVEE, BLU,
BT AV F— AN S, EBRTIEZORI AN F—MOWEOUWSE B L 722 212k b,

O SAMIREY IR E 12 3400K & Gl C & 5. WXL 7206~
ANVF—BIY, BETERL TSI AVF -5 T
NOBIRB RV Y < VGBS N D & Lz, Zh/?
TR THINE, P TERECHFETELVEEZD
N, FEBE, N ORUSER I DZ  A3S," ™ % il
LLCEBEIhTw2 Y 2% —24 (1), K2,3,412
CORRTERRLT:.

193 nmEhEE D A (1.1) 13 184.9nm (R ILIE L
i) IR L THDETFHTESL. 2N 5131960

ERBEDPSWEDSDH Y, TARY VI3 AFHF Iy
S APV ELTCT= VT VAN (CHRE) > TH
B Sy IBERERIC S OISR S, MERUREAR % 7
HEI2RTHOIANTF -2 NLT LRy PRV E Y
EELAH (Th2S, ™ ELTWwE) S 5k
W (12) 3CrCan 75722 N, ZonKEET
DPINTALEW 13- ~FHF V54 MY ThHD.

ZAF—A (1) B3TLVFEURVEVIZHIBHTE S L
EZoN, EE MLV IZC-HEML, W (1.1)

] k% h k) ] dskosk .
So =y S, Al S =iy S A~ M (12)

haN SR (1.1)

Zx—L4 (1)
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,,:::’1E2g

S

I
H

O

193 nm

So—

Sp
ST Vi

Qe 2

SoFEE AAAAR

|
NN, (),
e Co24
AR (1.2)

M

ER (1.1

H4. XYEVIIBT 5 1930m L —F—HEOEOKEHEME (2F—2 (1) iR Shizxy ¥ rids," &k
WL, SEATREILEE 13 3400K & Bl Cd 27230, C-HRMEA L3 oRE» SR X 2 (R (1.1). S, ik
JAZ S 193 nm ISR A AT 2 DT, HEHICE SR SIS, BEWIED 26T RIS &, A

W (12) I2£5.

ELTRYINGIIVANERELDZEZRBLTWS.
(B DR CAERWA Ky b VLY 2hiike L2%
TRISTERY (12) L LTBilsn:" Zobizh
DRMEF LR LR L a—pREzESh Ty T
EHIL, INFRRAEA A=V TR LWEER
FAic X 0, AREMICHIE RS Sz S asp
T 56 E LTt T AW 51T 193nm 7 /
L —F—pie,"™ »2vid, 7z a M CORsE
NERREL TV,

Z2F =24 (1) 3ho—EEOTVF AR ¥ UIZH
NChHorTT0N S ZEBTLELRIE Y THD
FULY, AVFLYLFLAF—L (1) PWAMTD
ZME Ry ruT VA Y, YruaTy sEE
FOTNVIFNRYEVERBTIENTE, EFEAF—
A (1) THYT 25 VDALY 2.7 RiEc
FIVE Y PVm-F v Ly D RO L 5T
CEPINFTA, A A=YV FETRBENTWS.

3. UL ER, B2t
AFVEHENR V¥ Y, CeHs.,(CHs), n=2,3,4,6, & 75—
ThFuaRyErOY ) — X% ArFL—%— (193nm)

FHOWF 2BV ==& MY Y AT BINEk
DELET, 2T BEBICIAZETRI > TWSE Z R
vy, FIVLY, AVFVLITHEREIN. ik
BREF DIV VIV AROERTHSD. p-F L o2
FHh#IC X D ZOoDKFERF AT T, AF—24 (1)
DEEY (12) ELTHFIULydERLE Y270
77 DL —F—{bFETR 2RI ) o C-C
WA, FIVLIE-2"Y 372, RUEVo
2HTRIETREDODOAREOREERIES M SN T3,
WoT, p-FYLUyPLF YL ryOARIITFRTE
TLETEHL ZOHOBREIFHAF AR LY
(HMB) O~ FH X F )V DewarX >~ ¥~ (HMDB) ~
LOBRMALTH D, LD L —F — iR EARA X 18
FROSZ R L7z RO BEINIZE Tk Dewar X &~
XU RIS, So oML EZ B TR 5,
LOFMAD B0 ZEEES, O VIRE) T R L F — iR
MOS, T RAER T ARICHRE L E SN ZOEZHIZ
Ll O FEEREREE X RS 5. RINAAM P HEAET 5
SFMFTAF =4 (2) IWRT L) IZ—EBDF v + HMDB
DL X D BAOFERHAMDBICRE L L £ 2 5.
WIMAAM I AL ER Y %L et T& 5, FEE,

CHs CHs
H3C CH3 : H3C CHS
CHs CHs
HMB HMDB
hv ic o M
Sog = S3 AP » S, A (HMDB)** ~~» HMDB

So
2% —L (2)
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PRI IRMEAEEAE FON Y ¥ ¥ QNS T 1,3-~F 4
VI v-5-4 vERBRILTWS.Y HMB o4 L RO 1
HFUIFNEZE 1245-FT b SAFAUNYEY (Fal V)
THIWLTBY, AFVEEXLERLERVE VTR
BYALLR T VWS EEZRIRL TS, SEBEARYE V)
Dewar IR > ¥ & A4 5 2 £ 13 1960 4E8 2 & fF 5%
M b, DewarX ¥ (DB) ThHHIZHMAENYE
YORRETHELR TS =T utaxrEr P
1,2,4,5-tert-7F N Ry ¥y VaxHF2 (Y704
T AFN) Ry¥ M iFE YT 5 DB I AR S
N7z, SEFHRZZF 2Ly, HMB O 1617134 £
FIVELBIENR V¥ U HHET L DBANESHICEHR I NG
CLLEDHEEIRL TS

4. £ B
ArF =% ¥ < — L —#%— (Lambda Physik COMPex102,
193.3nm, PfE40E 14ns, HALITI200mI/pulse) % H
WieF 2 B L —F =Pt TR N v ¥ oL
FERMRIz. (H5) ZoFERUROb0EFETH
2.5 BIERIUC AL 2 ROESP R 2848, 20
Y— 2 2B % r=0ns & L7z, (B1 21X 6.b, b-1)
Jih#2 9% 193 nm (3 CgHe., (CH3),,, n1=2,3,4,6. DX ¥ ¥ ~
TI2'El (M4TDS,) REIZHNT 2 LIV T
X2 HMBEF 2l vidy 7 andH VBl (83x
10°M) 100 uL 23R Y, EEE R Z IR, BHEF X
#z (27kPa) WH L7z HBRIZ423-5KICME LT
ol #EEOHMBOENIZ0.5kPaTH 72 D
DLW IR TERTIT- 72,
~ ¥ ¥ ¥ (Aldrich Chem. Co.99.9%), hLV T, p-
¥ ¥ L ¥ (Merck Japan 99.5%), # ¥ F L ¥ (nacalai

Sample gas

tesque, 98%) ~NFH X F VXY ¥ Y (TCL >99%), ~
FH7VFuNYE Y (Aldrich Chem. Co. >99%), ~
F 4 A2 F )V Dewar X ¥ £ ~ (Aldrich Chem. Co. >97%),
EHEFA (KIREEE, 99.999%) 1ZZ0F FMA L.

5. R EER

51 pXILHPE2RFTp-FIULDER

2F =2 (3) Bp-FILyhb2RTTp-F L
YOERERT.

RyEByDS, 5 DR WIERGHER (ic) 13240 fs T
TTaLOWMENHLOT L0 DERD 1
pSUNIZETLTWATHA ). KAIIR LRV EY
D2HFIIED L H I, 8210193 nm L —F — DN+
Z@rv A (14ns) 128, 2 TE, —BS, ™ & 2%
2THAI. LhL, Ssh5S A U6 L Ak,
BOEEH TRy MF S, ICELTHAH. V&DOTX
S IR OOHER GV p-F )LV EEET B, S
ARy PRI L UVTRRANBLALF =L LT2NT5
ZFoTwh. XUyEy, MVIZUyTRAF—L (1),
AR (1.2) WCRED2HTRIEOEMEYRD - 7255, F
LoymbdF YL yADAF—24 (3) FAF—2 (1)
DREMTHH. ABOMAL —F—fREHKICE SN2
A, FVILURRYY—LLZb DL Bbh . p-
LYoV —¥F—=PaEI X AN TICHE S
NTHBY, C-HEAMEIZL 2 AF VRV IIVT VAN
DPHERT 5 ENFEIRTW2 " P52, 20
BB B E R EE T MIC L ) KB Tx .Y
LALAERS, Z0X) 21k (AF—24 (1) T
AW (1.1) 3dAREORMEAAREZMASLZ LICX
D, BECMZLIENTEL. ZOHIET MV D2

ArF Laser
11 93 nm, 14 ns, <40 mJ/ shot

Flash Lamp: ::> :> Monochromator |

—

K 5. ArF (193nm) L —%—Ptshik

hv ic - hv, ic en
H;C CH = S; AAAY Sp =P AP S,

-2H

ANAY AP Polymer

ZXx—L (3)
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a) 12
O : t=800ns

AO.D.rel

0.0

260 280 300
Wavelength / nm

b)
1.6
1.21 b-2) 280 nm
o
o 0.81
<]
0.4
b-1) 235 nm

0 200 400 600 800
Time / ns

®6. a) p-* L > (1.3kPa), N, 27kPa) %, L —%#—10mliecm’. i (O) L —+F—Jiht2#%12800ns TOBMIME. FEizs s a7 7 ¥
OISR TSN p-F 2 ) L ¥ OWRILY — 2 275 nm THAMEIL L 722~ 27 1+ v

b) 235nm, b-1), 280nm, b-2) ZBIF HEFMZA L. (r=0ns THAMELL THBH, EEOMHIZ0.05 (b-1)), 0.025 (b-2)). Mo

(b-1)), MBHLEDD (b-2)) 1EFy PRSTHEIHRICLVEM L TOLSHETFERLTYS, 200nsBBEZ 79y MIRBH, 2

hehlke L.

£1 ko FF (S™) (1=0ns), MM (1=400 F 7212 800ns) DRI IE O Wk
L — W BREERENE (LIZ 1%, 213 2K%ERT.)

N ry NpF 400 or 800ns
5 7 BRAFIEOB] (5, (1=0ns) (SR *
RryE¥r 0 1 2
[\ 2= 1 1 2
p—FT L 2 1 2
ATF LY 3 1 2
T2l v 4 1 1
ANFHFRAF AR E Y 6 1 1

FHNE  p-F YL Y 04 280nm, £ DIEAT T 2350m.

104 -
o.o?’?
IR Y 4
14 &ﬁ?‘
. 0%
o PRge S
o] e~ O Me—@—Me
S }
014 .-
Q- ®  235nm,t=0ns
O :280 nm, t=800 ns
0.01 . :
1 10 100

Laser fluence / mJem™
7.p-F Ly OMPERIND L — — iR E.
EHEp-F ¥ L v 1.3kPa, %A A27kPa. B E 235
nm (S,**, r=0ns), (@, s ) 1k, Bk K280
nm (F¥U L, t=800ns), (O, Wkt-—--) 2.

KFHIEOBIZH LT 5.

R OANRY My, REZ L, BEL—%F—-71rx
AR EREREG, K1, B, MTITRLT
BY, Thol3Ax—24 (3) #%F75. H6IZBw
THEIE (O) 3L —% -t 800nsHD D D TH

D, ERIINTT a7 7 Y ONRIZE VSN p-
FVYLYOWNANY MVTH D Mgk 3%
L, SHESNEEWEp-FL )L ThS.
FIUIN pAFAUXRYII) FIANIZIE—=T D
265nm'" (BE SN TV B ARY FIVIZIRB)EEE AN W
S, BHENESVANDY —213265nm & V) Sk E
TH»HA9). X577 7 YORSRICLVESNT
P-F VLY ORIO Y — 7 13275nm e TH 5.2 4
OB E —B L, 800nsED AT PVidp-F YL
VEIRBTESL, 1T TERTEZFIIUNLT VA
BRODWINA RS b VIZIEEFESG LTwihneE Ebh
%. 193nmhie, MEEM TS, hHER T HF
JNTIANEHEER2.TX10°s ' TH 2. 0N
BWRIZELECEMEARICE > THIEE RS, ZnkH 7%
WA OBENE P Ty Ny 2y Y o E I
FHA L 2NFTEFEIILTITANIER LTS LW
)b, TREWHETEro72. FTUNLT
TANPL D) —DDKRFBEF T B EELT RV
F—HE 720, (295kI/mol””), 2% T4 DN EET %
V¥ — (1238kJ/mol +RT) & 5 #) & C-Hi & = % v
F—4 (381kJ/mol) ##ELFIVThH, HEIIH BHo
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TZOHOKRZERTFETNI, p-FT VL Ilhbe®E
2Z5N5b. M6b) OWINDOMERZILS AF—24 (3) %
HHK— b3 5. 235nm ((b-1)) 12 Se™™ D1 22/ M1 % 75
L. 280nm (b-2)) Db LAY idFy b %5 H3
RIZEY AR P UDBEHAEL TV LHTFERLTY
%. 200nstEB L ET7 Ty MR DA, ALY
ThipFIILYTHb.

2% —2 (3) 13Ky MFF (S,"F) (1=0ns) 135
L= —EOIXRIZHBIL, Al (F 2 1E1=400
ns) X2WICBITAHZLETFRHEEL. p-FT LT
BEBRZFOL I o720 FLTIIMBO A F OV EHRR Y
ErORELEOTELOTHLY, vy e
YOO VTSRS SRS D ARG L A Y
FLYETEAFHFRAF L TINFBRYE VIES, 1
K, WBEEEI2RE R ST, AFHFAF L7V FEN
¥ Y OAREWIE253. T nm Bl DA, M35 DB T
H 557193 mEEOH AL, —I5, M43 5DBE
gL Twna Y

52 AFXHYAFJLDewar N>t 13 1 REFETERK
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Molecular Tips for “Intermolecular Tunneling Microscopy’

. ES
Yoshio Umezawa

This is the third year of the Toyota fellow report. In this review, molecular tips for “intermolecular

tunneling microscopy” is reported.

We describe herein the concept, principle, and experimental results of the molecular tips for
chemically selective STM. It has been shown that molecular tips allow chemically selective imaging to

recognize particular functional groups or chemical species based upon the hydrogen bond, metal

coordination, and charge-transfer interactions between sample and tip molecules. The selectivity can be

tailored upon designing functional groups of the tip molecules. Furthermore, the molecular tips were

successfully applied to differentiate nucleobases. This technique may be coined “intermolecular
tunneling microscopy” as its principle goes, and is of general significance for novel molecular imaging
of chemical identities at the membrane and solid surfaces.

1. Introduction

Scanning tunneling microscopy (STM) offers real-
space observation with extremely high spatial resolution
and has been a powerful tool to study atoms/molecules
adsorbed on conducting surfaces.”™ It is, however, often
difficult to discriminate functional groups and chemical
species from the conventional STM image contrast. We
have studied on construction of molecular tips for STM.
The molecular tips are prepared by chemical modification
of underlying metal tips typically with self-assembled
monolayers (SAMs) of thiols [Fig. 1(a)], and the outermost
single adsorbate probes electron tunneling to or from a
sample molecule. Importantly, the tunneling current
increases when sample and tip molecules form chemical
interactions that provide overlap of their electronic wave
functions, that is, hydrogen bond,u) metal-coordination
bond,” and charge—transferw) interactions [Fig. 1(b)]. The
current increase is ascribed to the facilitated tunneling
through the overlapped wave functions. We have demon-
strated that this phenomenon can be utilized for selective
observation of chemical species to overcome poor chemi-

cal selectivity in conventional STM.

201141 H24 H =¥
B SE 7 = 1 —

(@ NH, OH COOH SO,H

N‘-‘

cReNeNe

SH SH SH SH SH SH

4MP 4AT 4HT TP 4MBA AMBSA MPF
(b) undeﬂying

@ molecular tip

chemical tip
interaction j
i I trajectory

H H
o} o}
OH 0H

Fig. 1. Molecular tips for selective recognition of functional groups
or chemical species. (a) Chemical structures of the molecular
tips. Abbreviations: 4MP, 4-mercaptopyridine; 4AT,
4-aminothiophenol; 4HT, 4-hydroxythiophenol; TP,
thiophenol; 4MBA, 4-mercaptobenzoic acid; 4MBSA,
4-mercaptobenzenesulfonic acid; MPF, N-methyl 2-
(2-propyldithiophenyl)fulleropyrrolidine. (b) Schematic
illustration of facilitated electron tunneling through a
chemical interaction between sample and tip molecules.

2. Interactions for Chemically Selective Imaging
2.1 Charge-transfer interaction”’
A fullerene molecular tip was used to observe porphyrin

molecules adsorbed onto a surface of highly oriented pyro-
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lytic graphite (HOPG). Porphyrins are one of the most
employed electron donors, and fullerenes possess facile
electron acceptability.“) These two compounds have been
known to form a charge-transfer interaction between

12-14
them'>""

, which leads to formation of supramolecular
complexes in solution."”

First, a cobalt (II) porphyrin (CoPor, Fig. 2) monolayer
was observed to investigate how the fullerene derivative tip
affects the tunneling current. Figure 3(a) shows an STM
image of the CoPor monolayer observed with a gold tip, in
which ordered arrays of porphyrin rings were observed.
The porphyrin rings were observed as having central pro-
trusions when gold tips were used as indicated by blue
arrows in the STM image [Fig. 3(a)]. The protrusions are
assigned to the central cobalt(Il) ions, and the large tun-
neling probability at the cobalt(II) ions has been suggested
to result from d-orbital mediated electron tunneling in a
resonant way, where the unoccupied orbitals of the half-
filled d,2 orbitals coherently couple to the states of the
substrate.”"” When MPF tips were used and electron tun-
neling between the single fullerene and individual
porphyrin was measured, significantly different images
were observed [Fig3(b)]. In strong contrast to Fig. 3(a), the
cobalt(II) ions (blue arrows) were observed as depressions,
and the pyrrole moieties surrounding them appeared as
protrusions, which reveals that the tunnel electrons are
localized at the pyrrole moieties. We ascribe the change in
image contrast observed with the MPF tips to the charge-
transfer interaction concomitant with the overlapped
orbitals between a fullerene moiety of the molecular tip
and a pyrrole moiety of the CoPor. The charge-transfer
interaction facilitates electron tunneling locally at the pyr-
role moiety.

Next, we observed a mixed monolayer of zinc(II) and
free-base porphyrins (ZnPor and FBPor, respectively; Fig.
2). Figures 3(c) and 3(d) show STM images of the monol-
ayer observed with a gold and MPF tips, respectively. The
sample solution contains two kinds of porphyrins. Never-
theless, the centers of all the porphyrin rings were

C18H37O O \ O OC18H37

CoPor: M= Co(ll)
ZnPor : M= Zn(ll)
FBPor: M = 2H (metal free)
NiPor : M = Ni(ll)

Fig. 2. Chemical structures of CoPor, ZnPor, FBPor, and NiPor.

observed as depressions compared to the surrounding pyr-
role moieties in Fig. 3(c). It is natural for the centers of
porphyrin rings of FBPor to be observed as depressions
because central metal ions are absent in FBPor. The d,2
orbitals of zinc(II) ions in ZnPor are fully filled unlike
those of cobalt(II) ions in CoPor, which results in little
tunneling current at the central metal ions. This presuma-
bly accounts for the depressed appearance of the centers of
ZnPor."” In addition, all the porphyrin rings were observed
as equally bright protrusions in Fig. 3(c), and as a result
the two species that should coexist on the surface cannot
be discriminated from each other. In contrast to Fig. 3(c),
one porphyrin ring was observed much brighter than the
other one in Fig. 3(d). A wider image obtained using a
MPF tip (75 nm x 75 nm, data not shown) showed 108 and
326 molecules having the brighter and dimmer rings,
respectively. Their ratio (108/326 = 1.0/3.0) is in an exact
agreement with the molar ratio of ZnPor to FBPor in the
sample solution. This suggests that the brighter and dim-
mer porphyrin rings in Fig. 3(d) correspond to those of
ZnPor and FBPor, respectively.g)

The difference in image contrast of FBPor and ZnPor in
Fig. 3(d) is ascribed to the differing extent of the charge-
transfer interactions of the two kinds of porphyrins with
the fullerene tip. The difference in the extent of the charge-
transfer interaction is evident by considering the difference
in energy between 7 HOMOs of FBPor and ZnPor. The 7
HOMO energy of zinc(II) tetraphenylporphyrin is reported
to be 0.3 eV above that of the free-base derivative.'” The
zinc(II) derivative is thus expected to have favorable
charge-transfer interaction with the fullerene compared
with the free-base derivative,lq) because the 7 HOMO of
the former is energetically closer to the LUMO of a fuller-
ene than the latter [Fig. 3(e)]. The favorable charge-
transfer interaction between the fullerene and ZnPor
facilitates electron tunneling to a great extent compared
with the interaction between the fullerene and FBPor,
which results in the brighter appearance for ZnPor in Fig.
3(d). These results demonstrate that the localized electron
tunneling through charge-transfer interactions can be
applied to spatially visualize frontier orbitals involved in
the interaction.

2.2 Hydrogen bond interaction””

It has been well established both experimentally and
theoretically that electron tunneling through hydrogen
bond interaction plays important roles especially in biolog-
ical electron-transfer processes.zo) In these processes,
hydrogen bond has been shown to strongly mediate elec-
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CoPor
(b)

ZnPor/FBPor
(c)

=
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>
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|% 5.0 4
6.04 =nHOMO n Hsoflo
57 .
7.0 1
Free-base .
porphyrin 211 porphyrin - Ceo

Fig. 3. STM images of the porphyrin monolayers on HOPG. (a) CoPor observed with an unmodified
gold tips. Bias voltage, —1.30 V (sample negative); tunneling current, 0.30 nA. (b) CoPor
observed with a MPF tip. Bias voltage, —1.25 V; tunneling current 0.30 nA. (c) FBPor and ZnPor
observed with an unmodified gold tip. Bias voltage, —1.20 V; tunneling current, 0.35 nA. (d)
FBPor and ZnPor observed with a MPF tip. Bias voltage, —1.30 V; tunneling current, 0.45 nA. (e)
An energy diagram of free-base and zinc(II) tetraphenylporphyrin (FBTPP and ZnTPP,
respectively) and fullerene (Cq). All of them are relative to the vacuum level.
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tronic coupling between a donor and acceptor, and to hydrogen bond interaction also arises with STM molecular
reduce the effective tunneling barriers in between.””’ We tips. Molecular tips thereby allow for selective recognition
found that such facilitation of electron tunneling through of a variety of functional groups based on hydrogen bond

CHj;(CH,),,0H
(a)

CH,(CH,);,COOH
(c)

4 nm

CHj(CH5)150(CH,)15CH3
(e)

2nm 2 nm

Fig. 4. STM images of substituted hydrocarbons on HOPG. (a) 1-Octadecanol observed
with an unmodified gold tip. Bias voltage, —1.0 V (sample negative); tunneling
current, 1.0 nA. (b) 1-Octadecanol observed with a 4MP tip. Bias voltage, -1.0 V
(sample negative); tunneling current, 0.7 nA. (c) 1-Ocatadecanoic acid observed with
an unmodified gold tip. Bias voltage, —0.7 V (sample negative); tunneling current, 0.7
nA. (d) 1-Ocatadecanoic acid observed with a 4MP tip. Bias voltage, +0.4 V (sample
positive); tunneling current, 0.7 nA. (e) Dihexadecyl ether observed with an
unmodified tip. Bias voltage, —0.90 V (sample negative); tunneling current, 0.70 nA.
(f) Dihexadecyl ether observed with a 4MBA tip. Bias voltage, —0.90 V (sample
negative); tunneling current, 0.70 nA.
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interaction between these functional groups and the tip
molecules. The hydrogen bond interaction increases tun-
neling current at the functional groups, and as a result the
functional groups appear as bright protrusions.

Figure 4(a) shows a typical STM image of a 1-octade-
canol monolayer observed with unmodified gold tips.
Lamella structures consisting of bright parallel bands were
observed, each lamella being separated from the adjacent
lamellae by dark borderlines. The length of the bright
bands was 2.4 + 0.2 nm, which agrees well with the length
of a C;g carbon chain in all-frans conformation. This indi-
cates that these bands correspond to octadecyl chains
physisorbed on the graphite surface. The -OH groups of
1-octadecanol molecules cannot exactly assigned, because
the terminal methyl groups are similarly shown as darker
parts. In contrast, 4MP tips gave parallel bright lines sepa-
rated by 4.4 = 0.2 nm, which almost corresponds to twice
the width of the lamella of C;3OH and the separation of
-OH in the monolayer [Fig. 4(b)]. Similar changes in

(@)

image contrast were observed with molecular tips having
functional groups that can form hydrogen bonds (4AT,
4HT), but were not obtained with TP tips, which has no
functional group for hydrogen bond. These results indicate
that the contrast changes arise due to the presence of -OH
residues of the sample and are due to hydrogen bond inter-
actions between the functional groups on tip and sample.4>
Similarly, carboxy groups4) [Fig. 4(d)] and ether oxygens(’)
[Fig. 4(f)] were selectively observed by 4MP and 4MBA
tips, respectively, based on hydrogen bond interactions,
whereas these functional groups cannot be recognized with
metal tips [Figs. 4(c) and 4(e)]. In the above examples, the
molecular tips used for selective recognition of —OH and
—COOH groups have hydrogen bond-accepting functional
groups, while the 4AMBA molecule has hydrogen bond-
donating groups. In both cases, increases in the tunneling
current were observed, indicating that the direction of
hydrogen bond interaction does not affect the facilitation

of electron tunneling.

(b)

O 0O

H

|

|

|

|
~o T~

HOPG

(d) )\

O @)
é
QD
0
HOPG

Fig. 5. STM observation of C,,0C,,0C,; on HOPG. (a) STM image of C,,0C,,0C; observed with an
unmodified gold tip. Bias voltage, —1.0 V (sample negative); tunneling current, 0.6 nA. (b) STM
image of C;,OC,,OC s observed with a 4MBA tip. Bias voltage, —0.8 V (sample negative);
tunneling current, 0.5 nA. And schematic illustration of the hydrogen bond interactions between
carboxy groups of 4AMBA and ether oxygens in (c) unfavorable and (d) favorable orientation.
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This method was found to discriminate even molecular
orientation or conformation of diether,
CH3(CH,),50(CH,);,0(CH,),5sCH; (C;s0C,OC\), where
the direction of two oxygen lone pairs could be respec-
tively discriminated by 4MBA tips.” Figures 5(a) and 5(b)
show STM images of C,;0C,,0C,s monolayers observed
with an unmodified and a 4MBA-modified tip, respec-
tively. With 4MBA tips pairs of bright lines were observed
[Fig. 5(b)]. The separation of two bright lines within the
same pair is 2.0 = 0.3 nm, which is close to 1.4 nm for the
estimated length of the alkyl spacer between the two ether
oxygen atoms of C;;0OC,,OC,4. This result further supports
the interpretation that the bright lines in the images
obtained with tips modified with 4MBA reveal the position
of the ether oxygens in the sample molecules. Interestingly,
one bright line in a pair is much brighter than the other one
in Fig 5(b). CPK models of these diethers in all-frans con-
formation show that the non-bonding oxygen orbitals of
C,,0C,,0OC; point in opposite directions. The orbitals of
one oxygen point downwards, and the lone-pair orbitals of
the second oxygen point upwards. Because the orientation
in which the donor and acceptor directly face each other is
most favorable for hydrogen bond formation, the oxygen
atom with the lone-pair electrons pointing upwards [Fig.
5(¢)] can form much stronger hydrogen bonds with 4AMBA
on the tip than the oxygen with the lone-pair orbitals point-

ing downwards [Fig. 5(d)]. This difference in the strength
of the hydrogen bond causes the difference in the bright-
ness for the two oxygens.

2.3 Metal coordination bond interaction”

Coordination-bond-facilitated tunneling was also
observed with 4MP tips to discriminate metalloporphyrins
(Fig. 2) with different metal centers.”

Figure 6(a) shows a typical STM image of a mixed
monolayer formed from a solution containing ZnPor and
NiPor with a molar ratio of 1.00:0.33, which was observed
with a 4MP tip. The central parts of the porphyrins appear
as very bright spots and moderately bright spots. Figure
6(a) exhibits 76 very bright spots and 31 moderately bright
spots in a scan area of 25 x 25 nm’, giving a ratio of
1.00:0.41 for the number of very bright spots to that of
moderately bright spots, which is close to the molar ratio
of the ZnPor to NiPor in the sample solution (ZnPor:NiPor
= 1.00:0.33). With increasing concentration of ZnPor in
the ZnPor/NiPor solution, the number of very bright spots
increased [Fig. 6(b)]. Upon a decrease in the concentration
of ZnPor in the ZnPor/NiPor solution, the number of very
bright spots decreased [Fig. 6(c)]. This indicates that very
bright spots are of the ZnPor and moderately bright spots
are the NiPor centers. When STM measurements were per-
formed with unmodified and TP tips, the all porphyrin
centers in the same mixed monolayer appeared as dark

Fig. 6. (a) STM image of a mixed monolayer of ZnPor and NiPor (molar ratio of ZnPor and NiPor
in the sample solution; ZnPor: NiPor = 1.00:0.33) with a 4MP tip. Bias voltage, —1149 mV
(sample negative); tunneling current, 322 pA. (b) STM image of a mixed monolayer of
ZnPor and NiPor (molar ratio of ZnPor and NiPor in the sample solution; ZnPor:NiPor =
1.00:0.20). Bias voltage, —1327 mV (sample negative); tunneling current, 440 pA. (c) STM
image of a mixed monolayer of ZnPor and NiPor (molar ratio of ZnPor and NiPor in the
sample solution; ZnPor:NiPor = 1.0:5.0). Bias voltage, —1148 mV (sample negative);
tunneling current, 524 pA, range of vertical height in the image, 0.5 nm.
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depressions and the two types of porphyrins were unable
to be distinguished.

Because selective contrasts at porphyrin centers in
images with 4MP were observed at the metal centers of
ZnPor and NiPor, they were most probably induced by the
metal coordination interactions between the pyridyl group
of 4MP and central metals of the porphyrins. Indeed, the
stabilities of axial complexes of zinc(II) porphyrins are
fairly high (e.g., K = 10°-10° M for pyridine or piperidine
in benzene or toluene as solvent322>), and nickel(II) porphy-
rins also bind one or even two axial ligands (e.g., K, = 0.4
M_l, K,=2.5 M~ for axial complexation between
nickel(II) tetraphenyloxyporphyrin and pyrrolidine in
dichloromethanem). The involvement of metal coordina-
tion interactions in the contrast changes is probably
supported by the correlation between the stability of the
axial complexes for zinc(II) and nickel(IT) porphyrins and
the extent of the contrast change.

3. Control of Chemical Selectivitym

We have studied how hydrogen bond acidity or basicity
of the tip molecule affects the increase in the tunneling
current for oxygen-containing functional groups of sample.
Three kinds of molecular tips (4MP, 4MBSA, and 4MBA)
were used for the STM observation of behenic acid
16-hydroxyhexadecyl ester (CH;(CH,),,COO(CH,),,OH,
abbreviated hereafter as C,;COOC,;OH). The TP contains
no functional group for hydrogen bond formation, and the
4MP has a pyridine group, which can work only as a
hydrogen bond acceptor. The sulfonyl group of 4AMBSA
and the carboxy group of 4MBA can form hydrogen bond
as donors, but differ in hydrogen bond acidity from each
other.

Figure 7(a) shows a typical STM image of a
C,,COO0C,;,OH monolayer observed with an unmodified
gold tip. A lamella structure was seen, and the lamellae
were separated from each other by wide and narrow dark
lines. The terminal hydroxy groups, which should corre-
spond to either wide or narrow dark lines in Fig. 7(a),
cannot be specified as reported previously.4’ > The alternate
appearance of the wide and narrow dark lines suggests that
the sample molecules adsorb onto HOPG with their
hydroxy groups head-to-head as illustrated in Fig. 7(b). No
additional distinct bright or dark lines were observed in
Fig. 7(a), and it is consequently difficult to discriminate
the carboxylate moieties of C,;COOC,OH from the alkyl
residues.

When 4MP-modified tips were used for the observation

of a C,;COOC;OH monolayer, parallel bright lines were
observed [Fig. 7(c)]. Based on the previous result (see
above), it can be concluded that the bright lines reveal the
positions of the hydroxy groups of C,;COOC;(OH. The
pyridine nitrogen of the 4MP SAMs on the tip can form
hydrogen bonds only with a hydrogen-bond donor, and
thus, they can interact only with the hydroxy groups of the
sample. The changes in image contrast selective to the
hydroxy groups in Fig. 7(c) can be explained by this selec-
tive hydrogen bond interaction with the pyridine of
4MP-SAMs on the tip, which probably enhances tunneling
probability.”

Figure 7(d) presents an STM image of a C,,COOC,;OH
monolayer observed with a 4MBSA-modified tip. In this
image, a set of three bright lines, which consists of a single
narrower bright line and neighboring two wider bright
lines, was observed. From geometrical considerations, it
was concluded that the central narrower bright lines corre-
spond to the hydroxy groups, and the outer two bright lines
to the carboxylate moieties of C,,COOC,;,OH. The dark
lines locating approximately at the middle of two neigh-
boring wider bright lines (white arrows) are attributed to
the intermolecular troughs between the adjacent lamellae.
Next, 4AMBA molecular tips were used for the STM obser-
vation of C,;COOC,;,0OH monolayers. In the STM image
[Fig. 7(e)], bright single lines were observed like the image
observed with 4MP tips [Fig. 7(c)], and the bright lines
were assigned to the hydroxy groups of the C,,COOC,;;OH
molecules. Interestingly, 4MBA-modified tips unlike
4MBSA-modified tips exhibited no discernible bright lines
that can be attributed to the presence of the carboxylate.
Because both the sulfonyl group of 4MBSA and the car-
boxy group of 4AMBA can be hydrogen bond donors, they
can interact with hydrogen bond acceptors. In the STM
image of C,;COOC,,OH observed with 4MBSA-modified
tips, a set of three bright lines was observed, revealing
both positions of the hydroxy and of the carboxylate moie-
ties of the sample molecules [Fig. 7(d)]. In contrast, with
4MBA-modified tips, only a single bright line that corre-
sponds to the hydroxy group was observed. The presence
and absence of the contrast enhancement on carboxylate
moiety in Figs. 7(d) and 7(e), respectively, can be
explained on the basis of the differing extent of the hydro-
gen bond interaction. Hydrogen bond interactions of the
carboxylate moiety are much weaker with the carboxy
group of 4MBA-modified tips than with the sulfonyl group
of 4AMBSA-modified tips, because the hydrogen bond acid-
ity of carboxy groups is in general much lower than that of
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Fig. 7. STM images of C,,COOC,;OH observed (a) with an unmodified gold tip, (c) with a 4MP tip, (d) with a 4MBSA
tip, and (e) with a 4MBA tip. Bias voltage, —1.0 V (sample negative); tunneling current, 0.5 nA. Arrows point
the bright lines that appeared by using the molecular tips. The molecular arrangement of the adsorbed
molecules is schematically shown in (b).
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sulfonyl groups. On the other hand, hydrogen bond basicity
of the hydroxy group is almost the same as that of the car-
boxylate moiety in nonpolar solvents.” However, dMBA-
modified tips gave the contrast change only selective to the
hydroxy group. Because the carboxy groups of 4MBA
SAMs on the tip can be both of hydrogen-bond acceptor
and donor, this result seems to reflect the hydrogen bond
acidity of the hydroxy groups. Owing to the acidity, the
carboxy group of 4AMBA SAMs on the tip is subject to
stronger hydrogen bond interaction with the hydroxy group
than with the carboxylate moiety in the sample molecule.
Hydrogen bond interaction between the carboxy group of
4MBA and the carboxylate moiety of the sample may not
be strong enough to enhance the tunneling current. These
results indicate chemical selectivity can be controlled by
changing the hydrogen bond strength through the design of
the tip functionality.
4. Discrimination of DNA Nucleobases™”

Very recently, we showed that a nucleobase molecular
tip is capable of electrically pinpointing each complemen-
tary nucleobase. The nucleobase molecular tips were
prepared by chemical modification of underlying metal tips
with thiol derivatives of adenine, guanine, cytosine, and
uracil (Fig. 8). Figures 9(a), (b), and (c) show typical STM
images of guanine SAMs observed with complementary
cytosine, noncomplementary adenine, and unmodified tips,
respectively. Cross sectional profiles of the images are

shown in Fig. 9(d), which represents the extent of electron
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Fig. 8. Chemical structures of thiolated nucleobases employed as
molecular tips.

tunneling between the tip and nucleobase. The comple-
mentary cytosine tip exhibited the most facilitated electron
tunneling and therefore the brightest guanine images
among the three tips. Similarly, for adenine, cytosine, and
uracil, their complementary nucleobase tips gave the
brightest images of their counterparts, the results of which
are shown in Fig. 9(e) together with those using irrelevant
tips for validation. Taken together, it is concluded that the
complementary combinations of the tip and sample base
pairs facilitated the largest electron tunneling through
hydrogen bonds between complementary base pairs, and
particular nucleobases were thus discriminated from other
nucleobases in STM images by using the complementary
nucleobase tips.

It should be noted that formations of the specific hydro-
gen bonds between complementary bases require coplanar
configurations, in which the molecular planes of the sam-
ple and tip nucleobases coincide with each other. The
selective large facilitation observed with complementary
base pairs on a tip and substrate indicates that the base—
base coplanar orientation was in fact achieved. The base—
base coplanarity is probably attained by the rotation of a
carbon—sulfur bond in the thiolated nucleobase on a tip,
which is well known even in the close-packed structure of
alkanethiolate SAMs.””

An example of the detection of particular nucleobases
was demonstrated here with the present method in an
18-mer strand of a peptide nucleic acid (PNA), an analogue
of DNA.* A typical STM image with an unmodified tip of
a PNA strand is shown in Fig. 10(a), showing that bases in
the strand were observed as rows of bright spots and the
components of the strand, guanines and thymines, were
not discriminated. On the contrary, cytosine tips pin-
pointed the complementary guanines among the
noncomplementary thymines in the strands [Fig. 10(b)—(d)
and Insets]. The extent of electron tunneling along the
strands shows that a single- and double-base substitution in

the strands was distinguished with the cytosine tip.

5. Conclusions

We described our studies on molecular STM tips. When
molecular tips were used for imaging, a tunneling current
increased at specific functional groups and chemical spe-
cies on the basis of hydrogen bond, metal coordination
bond, and charge transfer interactions. As a result, we can
determine not only the distribution of the specific func-
tional groups and chemical species but also the orientation
of functional groups. In addition, nucleobase molecular tip
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(b)

(e)

200.0 = . e ) Fig. 9. Changes in the image contrast for guanines;
comparison with unmodified, non-comple-
= mentary, and complementary nucleobase tips.
@ | STM image of guanines observed (a) with a
[ complementary cytosine tip, (b) with a non-
= I complementary adenine tip, and (c¢) with an
A unmodified tip. The magnified images (2.5 x 2.5
nmz) of image a, b, and ¢ are shown in the insets,
i respectively. (d) Cross-sectional profiles along
I/ eytosine the dashed lines (¢z-or’, -3, and y-y’) in the inset
of (a), (b), and (c), respectively. (e) Extents of
K electron tunneling between tip and sample
/ adenine nucleobases. The mean values (n = 10) of the
- extents of the observed electron tunneling
between nucleobase tips (i.e., adenine, guanine,
cytosine, and uracil tips) and sample nucleobases
(i.e., adenine, guanine, cytosine, and uracil)
represented in “height (pm)” of the tips (see
image d caption). Those with irrelevant tips (i.e.,
unmodified, 2-mercaptobenzimidazole, and TP
tips) were also obtained, for comparison, under
otherwise identical conditions.
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(€)

(b)

(d)

Fig. 10. SNP typing in 18-mer single stranded peptide nucleic acids. (a) An STM image (10 x
10 nm’) with an unmodified tip of single stranded eighteen-mer PNAs, the sequence of

which is TTTTTTTGGTTTTTTTTT. STM images (15 x 15 nm’) with cytosine tips of
three kinds of PNA strands; (b) TTTTTTTTGTTTTTTTTT, (c)
TTTTTTTGGTTTTTTTTT, and (d) TTTTTTTTTTTTTTTTTT The magnified
images (2.0 x 5.0 nmz) of image b, c, and d are shown in the insets.

was capable of electrically pinpointing each complemen-
tary nucleobase. This technique may be coined
“intermolecular tunneling microscopy” as its principle
goes, and is of general significance for novel molecular
imaging of chemical identities at the membrane and solid
surfaces. More sophisticated discrimination of molecular
species, such as chiral recognition, may be possible by a
rational design of a molecular tip that forms, for example,
multiple interactions with the sample molecules.
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The Effect of Water from Different Sources on Properties of
Friction and Wear of Silicon Carbide

Koji KATO*

Low friction and wear of SiC/SiC in deionized water at room temperature have been well reported in
the past twenty years. However, the effect of water from different sources, which contain different
chemical elements, on friction and wear properties, has not been reported. This report introduces the
newest experimental results obtained in our laboratory on this subject, which especially show the
relatively low friction coefficient and high wear rate in deionized water and the relatively high friction

coefficient and low wear rate in sea water.
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Table 1 Material properties of SiC

Ball Disk
Production process Pressureless sintering | CIP
Density p (kg/m’) 3100 3100
Young’s modulus E (GPa) 380 390
Poisson’s ratio v 0.16 0.16
Vickers Hardness (GPa) 22 25
Fracture toughness (MPa - m"?) 4 4
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Table 2 Concentrations (mg/L) of main chemical elements and
ions in four kinds of water

Deionaized Ground River water | Sea water
water water
S — m 20 2310
si — 28 o 4l
~ — 20 9 8550
Ve — 7 3 1270
o — 3 3 318
Ca — 17 14 483
o — > 1 17779
NO- — 1 5 106
o — " 17 2411

Chemical elements are detected by ICP-AES.

Ions are detected by IC.

The mark “—" is for the concentration below 1.0 mg/L.

Membrane filter for filtering water: 75 mm diameter; 0.45um pore size.
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Fig.2 The friction coefficient # in the processes of running-in and
steady state at SiC ball/disk sliding in deionized water.
Load: 40N, Sliding velocity: 0.12m/s
Water temperature: 20C
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Fig.3 The running-in cycles Nr and the average friction coefficient
4, in the steady state at SiC ball/SiC disk in four kinds of
water.

Load: 40N, Sliding velocity: 0.12m/s
Water temperature: 20C
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Fig.4 The wear rates w, (mm3/Nm) of SiC balls for the sliding
distance of 2985 m against SiC disks in four kinds of water.
Load: 40N, Sliding velocity: 0.12m/s
Water temperature: 20C
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Fig.5 SEM images of wear scars on SiC balls and disks after sliding
of 5% 10" cycles (2985m) in water.
(a;) and ( a,) ; deionized water
(b)) and ( b,) ; sea water
Load: 40N, Sliding velocity: 0.12m/s
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(cy) Disk wear scar (c;) EDX spectrum at A and B

Fig.6 SEM images and EDX spectrum on wear scars of SiC balls
and SiC disks after the sliding in deionized water.
(a;) and (a,) ; 5X 10° cycles
(b)), (by), (cy) and (c,) ; S X 10* cycles.
Load: 40 N, Sliding velocity: 0.12m/s
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Fig.7 SEM images and EDX spectrum on wear scars of SiC balls

(c;) Disk wear scar

and SiC disks after the sliding in sea water.
(a;) and (a,) ; 5% 10° cycles

(by), (by), (c1) and (cy) 5 5% 10" cycles.
Load: 40N, Sliding velocity: 0.12m/s

VR I3 EDEDEE (O) DRGHAAEL 2
A, BERERLTICIXEICODWMAHE END L AHERS
N7z, TOEMREBRT 272010, BRERBREOA F ~
MR D r A F (Si) OUREE % FH~7z. Table 31231
DOWPEDRERE R

T 7% b 52985m (5% 10°%cycles) DT XY Dk F,
0.85L @ F B /K v o> Si 0 it B2 B4 43 0 3 [l 0 - 3 i 13
0.235mg/LiZ% > T\w5b. ZOfEICH YT 5 SiC ORI
0.200mg T 5.

=), TOLEDOR—NVOBHREE, RIS
BEFER1X0.092mg TH 5. ThbhH, MEAKFIIEAR—

VOBEREORH2HEICHY T 2SIKG OIS %
TAATPOER— NV EFFEROBEIFEELEHE
i, Chos oI Tx 2.

NS DR H 1 Kitaoka 5 '7 % Chen &' 5% 2 7= &

> )~

212

SiC+2H,0 — Si0,+CH, (1)
Si0,+2H,0 — Si(OH), )

R (1) &30 (2) DALEBUS SEEFET IS B v CTHEAT
L, B OSiASi(OH), & LTAPIZETHT I &I
LD EERIELEEZ SN D, Fig6 L Fig7lB1
B RBEHHOITIEI DI I R N TA KT I VK
NEFARETHERICLIDER SN TV LEZ BN
5, ZDEIBRIIART I NS BRI
PEFEM DI RIMM S RaDfli Z 4FHH DO KIZDOWT
Table 41277 3. TORRIVHASL LRI )R-V L&
T4 A7 BRI ORaDMEIZAFEEO KDY EIZOWT
21X U TdH 5. Fig.6, Fig.7 % U'Table 4 O #% 512 X
D, WIFNOKPIZBWTHEROTRLE 2B A=
2R () R Q) IEsbntEIZLEND.

Table 4 Average roughness values Ra on contact surfaces of SiC
ball and disk before and after sliding in four kinds of water

Ball Disk

Ra before sliding (mm) 0.054 0.008

Deionized water 0.014 0.008

Ground water 0.014 0.010
Ra after sliding (um)

River water 0.017 0.011

Sea water 0.015 0.011

Ra measured over a distance of 400um.

4. % %=
41 KEBIPEEFRRu, EEREW, L5257 E
NEWwPEDOREREB LT 4 VF—% 5T % Tl
fiE 72 L2 WM EE (Digital Microscope) THIZEL/z& 2
510~ 100um O AR FH I & 7z, 2 & o Rk

Table 3 The amount of Si increased in deionized water after sliding test and the wear amount of SiC ball and disk.

B After sliding of 2985m (5 x 10 cycles)
Before sliding
1st test 2nd test 3rd test Mean value

Si concentration in deionized water (mg/L) 0.056 0.259 0.365 0.249 0.291
Ir}crement of Si concentration by wear of SiC ball and (mg/L) . 0203 0309 0.193 0235
disk

Wea.r amount of SiC ball and disk from Si concentra- (mg) . 0.173 0263 0.164 0.200
tion in water of 0.85L

Wear amount of SiC from ball wear scar diameter (mg) — 0.075 0.116 0.085 0.092

Load: 40N, Sliding velocity: 0.12m/s, Water volume in container: 0.85L,Water temperature: 20C
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Fig.8 The friction coefficient 4, and the wear rate ws of SiC balls
after sliding of 2985 m (5 X 10 cycles) against SiC disks in the
deionized and sea water.

Load: 40N, Sliding velocity: 0.12m/s
Water temperature: 20C
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Fig.9 The effect of sliding velocity v on the friction coefficient y, at
SiC ball/disk in deionized water.
Load: 40N, Water temperature: 20C

Friction coefficient
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Study of group creativity in collaborative design process

Masakazu KOBAYASHT™

To maximize designers’ creativity during collaborative design processes, I focused on individual

differences among designers, especially differences in their evaluation and interpretation of presented

ideas and proposed the analytical method for revealing their differences in the previous research. The

method reveals designers’ individual differences by analyzing the results of their idea evaluations and

encourages their further idea explanations based on them. However, detailed analysis of experimental

results conducted in the previous research showed that there is a still room to reconsider the procedure

of semantic interpretation. Thus, I attempt to modify our previous method in order to improve its

effectiveness in this research.
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Fig.1 Overview of the proposed method
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Switching mechanism in resistive switching materials

Kentaro KYUNO™

Details of the forming process of planar-type Cu,O resistive switching device has been clarified. The

area between electrodes melts during the forming process, in which thermal dissociation of Cu,O into
Cu is likely to play an important role. The reduced area is identified by Electron Beam Induced Current
(EBIC) and the existence of a Cu filament is directly confirmed by Transmission Electron Microscopy
(TEM). The time evolution of the position of the heated area of the filament, which corresponds to a

high resistance area, is also observed during the forming process, which shows that the anodic side of

the filament has the highest resistance.
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Experimental investigation of durability of coronary stent using
an accelerated durability test system

Kiyotaka INASAKI", Yusuke NOGUCHI’, Sho KISHIGAMI’,
Yuichi YAGISHITA®, Mitsuo UMEZU’

Coronary stent is one of the medical devices to re-canalize stenotic coronary artery, and its
effectiveness has been clinically confirmed. However, recent clinical data shows that stent fracture
occurs approximately 7% in patients. We have developed an accelerated durability test system which
can simulate cyclically-bended behavior of proximal right coronary artery during heart beat. In this
study, an ultra-high-frequency-drive accelerated durability tester operating at SOHz was developed.
Bending behavior and inner pressure of the coronary artery model were investigated at 1Hz, 10Hz,
20Hz, 30Hz, 40Hz, and 50Hz, respectively. Throughout the durability tests of coronary stents at SOHz,

effectiveness and limitation of the accelerated durability tests were elucidated.
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Interference Mechanism between an Atmospheric Plasma Flow and Liquid

Takehiko SATO*

Recently plasma at an air-water interface receives great attention because its biological interference

in a plasma medicine field is very important. Around a contact point of discharge on the water surface,
chemically active species like radicals such as O, OH and oxidizing agents like O;, H,O, are produced.
Although it is well known that these reactive species plays dominant role in the biological interference,
their transport mechanism has not been clarified enough yet. The aim of this study is to clarify the

mechanism of chemical species transport in regard to a metal pin-to-water discharge system at

atmospheric pressure air by a computational method. We analyzed the thermal flow field by a
commercial software, CFD-ACE+ (ESI Group). The results obtained in this study are that (1) the
circular flow in the water is induced by the gas flow which is given below the electrode, and, (2) the
chemical species transport in the water is strongly influenced by the induced flow.
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Fig.1 (a) Computational model. (b) Computational domain.
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Fig.6 Concentration distributions of the dissolved ozone without flow (a) and with flow (b). flow.
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Development of FES Rehabilitation System for Motor Relearning of Paralyzed Patients

Takashi WATANABE®, Naoto MIURA™*, Hiroki SAITO*

In this study, basic technologies for measurement and evaluation of movements, and for Functional

Electrical Stimulation (FES) control of the paralyzed limb were developed to apply them to FES
rehabilitation. First, wearable movement measurement and evaluation system was developed using
wireless type inertial sensors. The developed system was found to measure stably lower limb joint
angles during walking with able-bodied subjects. Then, wireless type surface FES control system was

developed. The FES system was shown to work appropriately in feedback control of maximum joint

angle in repeated movement. Furthermore, ankle joint control system was developed with the wireless

type inertial sensor and the wireless type surface FES system. Electrical stimulation for the ankle

dorsiflexion was generated appropriately with the developed system in the case of normal walking.
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Challenge to Realize Ultimate Resonant Performance of Microfabricated Quartz Sensor 2

Takashi ABE*, Yosuke ITASAKA™*

This paper describes the development of highly sensitive quartz crystal resonators based on quartz

micromachining technologies. Inverted mesa type quartz crystal resonator for sensing single biological
cell was designed and fabricated by MEMS technology. The quartz resonator with an optimized

oscillation circuit worked well in water.
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Synthesis of anisotropic composite particles responsive to external fields
and structure control of colloidal crystals

Daisuke NAGAO™, Maki SUGIMOTO**, Mikio KONNO™**

Anisotropic particles composed of polymer and inorganic materials were successfully prepared with

soap-free emulsion polymerization with a silane coupling agent. Anisotropic incorporation of a titania

sphere into dumbbell-shaped polymer particles could orientationally assemble the dumbbell-shaped

particles with an electric field in a frequency range of kHz-MHz. This result shows that the nonspherical

composite particles anisotropically incorporating highly dielectric materials are promising building

blocks to diversify structures of colloidal photonic crystals.
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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, then evaluate developmental modules inside the system. In this paper, we describe the
system to employ “bring the letter to an office on the 1" floor” demo. The key technology is a learning
scheme to increase task success rates through real-world experience and a state-machine based task
execution system that is capable of recovering from failure. As a on-site teaching system, we describe
user interface system and recognition and manipulation planning system that convey simple human

instruction to robot behaviors.
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Biologically Compatible Bone Cutting Based on Micro-machining

Naohiko SUGITA*

The goal is to develop a machining process and cutting tool incorporating biomaterials effective for
bone regeneration. Temperature, mechanical stress, and form are critical parameters in regeneration of
living tissues such as bone. Therefore, the following investigations are under this theme: (1)
investigation of the influence of cutting temperature and load on bone regeneration by the machining
process, (2) development of a low power micro-machining process and tools, (3) investigation of

effective cut shapes for bone regeneration, and (4) development of a biologically compatible micro-

machining system as a bone cutting tool.
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Associating Trajectories using Gait Features for Tracking People in Crowds

Yoichi SATO*, Daisuke SUGIMURA™*, Kris M. KITANT**,
Takahiro OKABE™, Akihiro SUGIMOTOQ™***

Abstract

We propose a method for associating fragmented trajectories of a moving person in crowds. Due to the frequent

partial occlusions, it is inevitable that the entire trajectory of a person are fragmented into multiple short tracks (tracklets).

In order to achieve tracking individuals consistently over a scene, we exploit gait features, which is a person’s unique spa-

tio-temporal trait, for computing the affinity between tracklets. Gait features in the frequency domain have been shown to be

an effective cue for identifying individuals. Acquiring the gait features from a set of motion trajectories of feature points that

belong to the same individual, we measure the similarity between the tracklets via the pyramid match kernel algorithm. Under

a maximum likelihood estimation, optimal tracklet associations can be searched even in crowds. Our experiments show that

the use of gait features effectively work for associating tracklets.

1. U &I

A, RMEBREE T BT 2 AWEERIC D W TRk 4 2B
RHITONT WL, BIHIDT v v 2 BDBRENR A X
N &7 EORMERIIZ BN T, FRF O RK I,
NEBO BB EHIZ Sk 4 B~ OIRH DS S 5.

IRMEBRBIIC BT, BHBISET 2ot R
NEBET 5 ANWOBIRIE, W< ODOBRFT 120 S
NLZENEZEND, ZO0, HENIZBWT—H
L7z A\Whair % FZ T A 7-0121F, Sz Ao
R XTI A A & LT BN S [1],[2].

DX BEEIIS L, RFETE, SEFHEHW
72 NIEIFR ORI T 2 EBLT 5. FEEEFRIC BT 5
BEREIE, BERSTEMIC L VSO SN AW
EHEOWETH Y, MAELEDOOTHr0 & LTE
KD T CTIE L FIH ENTWA (3], IRMERETICH
W H W ZIEEE L 7250 N A3E L7 6 s T
BVTVDHEICBWTYH, §AMOBIERL AT
R b7:0, ZOREBREEICIIS ANEEOWE Db
N5, 2L, BERETICBY A4 D ANYOBED
BT I BT, R BESI BT 5 AR R
201141 H26 H 3¢
UK S A AR ISR T
NG
LT

BZIRIIC b 2L 2 RIBELTWA,

KRFETHE, SESFBIEIRBEIT 2 AWIZE T 5 5T
DM LE E N OHRT 5, BT AEEEOHEZN
FIUIDOWTRERIIFTRE SN L 720, N oBif A
RO T - Y EREFOILEER TS, 202
0o, B HOBUEREIX, 20T — 5 EEH
DEFVELXMAMEL R T2 EHNTEL,. I
L, T Y EEGHOEUEZ WS —FETH 5 pyramid
match kernel[4] # JHWA Z & 12X D, wefhi) 5 X EH
M HEOFMELEH T 5.

COEHIZ L THE SN A B FELE 2 Hv, %
THEEDOHHADS LT H) T V% EHT A2 &
XD, T 2 EB T A, SIS,
BRETICBWT—E L AYE 2928 5 2 L7k
L b,

2. RAHEICED < AMEHRDOX IS T

BRI VRSN ANYOBRKF DRGNS, B
HIHIZB AETONY O S 2 ERKBY 5 L) ml %
B OMAEDLECRRT 5. BARMIZIE, B oM
AEbEEZ NV 7HEPETRIL, TONIBMITOLE



146 TRAEBREE T2 381 2 AWIBEE D 720 OSBRI D B O IBAF 1T

ARRICT AMAEDE ZREMRET 5.

BONLEHROEEGE T ={T} &34, ZOHH
FEEIZOWTREZ SIS T 2479 2 &2 &y, HEF
NEBBTLIETONMO—B LB E2EHTH LD
ZEMOEES ={S} PHEoNbsb DL TH. 22T
Sk =ATko: Th» - . Ti, } TH A, ZHUE, WIBFHT 5
N7z kFHH OB S 1L, I HOBFAIC L VBRI
TWB ZERERT 5. WInfh T &7zl 2 B0 %
G S L, BES S OLE P(T|S) 2 KIbd % flA
EbLHERLTIENTEL., —DOFHEH T; 13T
Np—2D NWEHRE Sy BT A2 L, 724D
DX IIMVACBNTE L Z 05, BRI OXf
I OEERRIEIZAR O & 9 R LHEE ORE IR E
b,

S* =argmax P(T|S)
S

=argmax H P (Sk =A{Tko: Thr Ty, }) M
S Sees

W2, T P(Sy) Z~va 752X ) EF LT 5.

P(Sk) :P'nit(Tko) Biﬂk(Th ‘Tko)
o Bink(Ty, Ty, 1) Prerm (T, )- 2

2T Puit(Tho) & Prerm(Thy, ) &, BIA Ty, Tip 27
BT BB Sy ICBWVTENEIERY L REDOBIHA &
GLAREZERL, Pink(Te, | Te,) &, B8 Ty, O
i 7S Ty, ., DI ~NEAE SN2 L Z FRT 5.

2) X% (1) MRAL, WFEKE LB TRE

55,

S* =argmax Z [0 Pt (Try) + I Prink(Thy | Tro) +
SLES

o+ I Rk Ty, [ Thy, 1) + In Preern (Tiy, )]-(3)

oLl Tens ) MSHLTNYTY T vk
ZWAT A LT, A 2 EIT S [1]L[2].
3. ANMIENHRRBEOERELEDEE

BhARA T OEATTE P (T51T3) 12, AICIES 545

BE OB XOWPTICL DV ESNAME ICEDE, XK
DEIIHEHEENS.

Bink (T5|T3) = Py(Tj|Ti) - Pa(T5|T;) -
P (T;|T;) - Pe(T5|T;). €))

ZZT @) AGBEEEEICEDESFE S HUEE
xL, BEEE (P(T|Ty)) , R Z (PJ(T;|T;)) ,
B E (P (Ty|Ty)) , BEHIBIGR (P.(T3|T:)) % HWCEHA
Shb. BARAIZIE, pyramid match kernel (PMK) [4] 12
) EDEUELEHT 5.

3.1 SEEBICE S CENE

N O BRI, BT IR AR 28 X 1I2£ R
% (5] EARGE L, SO X O#E S Z DR %
B2, AFHETIR, A\WIET 5882 he
MK L CER SR BHT 5 2 L0k, REIH
MF 2 IR & R B

BT Ty 2 0 AICIES % m & H OB A 08 &
OB trl™ %, fIfE, BEOZKITET -5 (2,y,1) O
BEERRL, ERSONEEMAT 2. KFETE, £
—EESO TGN PV tel™ PR, BROKE VA
WOEHEEBIH 71, RS IO LB b
WP BT I ) RIS RN L L E 2, Dk
DEPEFHIC BV THREEFINT 5.

55 N B REEFBUAIYS S 2 UM OB) & O K
(B EBSRZ PV) ™ L, T — ) T
e (FFT) %479 212 & 0 B % 6053 5. FFT
LAV EFA X wid, AMOSTRANEEBLZ 1#
BETHLH[B] ZLIHEIE, BEOT7L -4 L — M
JBUCHE S NS, FFTIC & O35 N2 B,
NI ET B BB BUREE 2 L2 C oW TR SN B,

B T CBT A m F H OB BER o
B s ™ oW T FFT 28T 52 8128
BoN D, FRBELRI B 2 RIEHEEE A™ =
{agm)'o, . .,agm)’w} (al(-m)’" & n & HOEBEB B
T BARIER ) £ L, SNBUSHIRCET 288 %
A, ={AM™ e SRS EE, BREBICED
CHMLE Py (T4|T;) 13 PMK 12X ) kX & ) 1ZRHE S
ns.

Pg (Tj‘Ti) =C (\Tlamp (AJ) ~,\Tlamp (Az)) . &)

ZZTC(P,Q) I, PMK I IZX VEHEENT— v 54
B OFBIE % £

3.2 EpEICEDCHEUE

OO T;, T; TNENOALE, HEZ FH#Hh
DICERR OB 2 W % . BT T O#RALIE %
xial ) HURAZ IS B A T v & L, e 5
BRTH LD ) —DOHMA T; DImlEE xjed,
Bk vieed L9, I T ORmEIZS ) 2 RH %
5l Ty OIEALE 2B AR % fhead & L, ZORE
WAET At &5 5. ANIIFEREHES T2 LI0ET 5
TLIZEY, ThEhoRZ ¢, fead 2w T, B
R Ty, Ty WEHGZEDMEIZNS (Wi2) orz
ETAHZENTED, HEESNLEH OME & FEE
DIBEDONRT, §hbb, % =xPl 4 vilAL & xhead,
%; = xherd — yhead Ay xtoll 2R 2RISR L
ZRERICH B % 51, B MOBBUZ & & Re S
ENTE L. FRUTHEEOME % v, PMK IZX
DEBEZ RO L) ISR S NS,



TRAEBREE T2 B4 2 AR ER 0 728 OB FRIEHIZHD < B RO B AT 147

Pu(Tj|Ty) = C (W (tr;) , Oo (br7)) -
C (\I/m (tI‘j) s \I/m (t}l)) . (6)

Z Ty, try N, BH) Rl ghead 125513 %
LA Ty, Ty 452 12 NS0 S B BB O (7 8 0 4
GERES. 70ty = {(tl) = viedan, o el -
vheed Ay} (ny 13 5 7 H OBY#RA 18 3 2 T LR
DEE) &, WK Ty OResE S R REE x5 12
BU2EBHAaRBHOMEOES RS, MK,
tr; = {(trl(.o) +vialAg) ,(trgn") +viIAYY I, B
Fr Ty O S N RIRLE %, (251 2 SFBUS LR O
BB Dty & IR 5.

3.3 BAMR Z ICED KEUE

A T 2 F o N\ 5, gt =t 1B 5 m
T H OB BT HIRON E & i & LSRR Sy 7%
Fz2 b, ZORFTNY FIZBWTHS (Hue-Saturation)
YA NI LEEET S ANWET 54 TOREUNHLR
D IZOWTRF Sy FHfe XA~ 7T AdEHE SN S
7o, WG BT BET T ZFO A0 R ZE, 7
Sy FHEE A 7T b by = {hiy, - b))
ik EHENS. TR, i FHOBIT IR
T 5%, m & H O SEEE ) ORI Sy FNICB
35, BHlt TOe AN TS ARERT S,

Bonsrmr A 77 2E5%H, PMKIZX D
WD Papp (T3 |T3) ZEHES 5. B T; ORBALE B
AR E 12e0d, T; OFSRALE IS B AR E 12 &
L, X2k 52605,

Pa(T;|Ts) = C (‘I’app (hj,t;Pad> : Papp (hi,f.;n“>> -(D

3.4 BFRERRICED CELE

B Ty OFIRIEEN, oA 2 X & B Ty Off
WO X ) BE TR T IUL RS v, F72, SO0
I OWRIZEDS R E L BRIUL R BT EEFE L OS5 W E#E
ZHNAE. ZOX ) BRI B R E BFR R O MG -
MImOBR OB T 12D X, JefriFgE [11,[2] & MRk
RERIRAARICHED CHE Po(TH|Ty) %51 5.

4. EiRRF DiEkE - RELEDEE

VT 7 & D ETAL S 2R S B B O
TEORE ((1) R) 2BV, 3. 52 BW Tk 7- 5
R OERE IO EIINZ, E, BSIE P (TY),
Prerm(T;) 51T 2 LFED S 5. BIFF ARG - #005 &
% BRI ENEN, EEFT OGN, #mL %o 72
B 5, ANWOBhKE % i L 72 3BICEBR IS - %
it & 72 HERT ORFOE G L LTROON L. KT
TUE, WG LSBT 5BlEEE M x N o7y
ZIHEIL, &7y ZIZBWTEL N AT ES)
LIRS ST 5.

BUIAE IC B CTHEBO WL, HEEESEET 5

&, NORBE AT L CEIR O, KImERIE
BETHIENEZONL., 20X MBI, &
FHETRHMC A N7 L28ATH, (55N
DIES, WIICBT B HINEEETHI LX), M,
ML E O M A NI APELNE, INIZLD,
SEIL7-% 70y 71, HFHEANZIAFNFRLD
EY BTN, KT ame (B, B0,

init:

{Ploms o P} EFHO S LHCED.
5. % B

RTPBOH A Z RS 572012, EEOBG % Hwv
THROW I T DOFEERZAT > 72, BRE O ISAS 1T LEL
DOVERRIZOWTIERT A 72012, FHETICmMEr 5 AW
Way L, FEITEMA AR L. AR
DFIHOBERENDE G 2R T 5 72012, BARFEBICHE
OCHEPEREZBRW 0 ZHES AT L LTH
w7z,

WO, WE A OB & OB BIF R Y —7 v A
WZOWTEREZTo72. B IZHW GO 6 % R,
REBRICBWTER L-BHAFOKIZ11>TH Y, 5
Bl 6 A\OANYOEHTH 5.

LIS o RE B LT TORT. ThHD
WREIET 2 bbb L)1, BERESE V256G
TIIEL ST bR TS Z & H L, BF
Bz o 128 TldiE - 72 e T 247> T L
FoTwah, 2, M2I1RT L9, RAHPHEDL
ZANO N IERICERELTBY, A& 2o
TBECRRBS O olclzb b EZ LND,

BT OVEREA LD G- 2 AT 572012, RE
BRIZ BT S R RIS LD S Bhi i T o JH DL EE
By (T;|T;) %318 T. COMRRPSEDDPLD LT, &
ST 2R EFRAH (1 2H) TOREPER, o
BT 2 RETIE B WEI T & OB IS~ S
WKCKRELEEZRLTWA I EDARTENA.

KIZ, B O AT IC BV THEE RO S H oD
—DThb, BIMHTNICESEHDO ANWHBFIET HIRMEL
7oy = VROV TERE T 72, X 4 1Tz E
DO—EBE R, REBRIZBWTAER L 28 0L 25

BT Ve v
G ORI T I Hkg o
Y. FALTH-722
20 NI H I
LTBEY, ELWVHIE
FHT A9 L v,

1 =42 0)o—E. K2
IRALTH-726 ADA
W o 11 OB
7z,



148 TRAEEREE T2 381 2 AWIBEE D 720 OSBRI D B IBAF T

F1 y=r 2 (1) 2B BB R, £ho
B3y ofFs ek L TBY, KHOIEE T
Wl EEREKRT S,

REFE | SAGEAEL | 1
Track0 | 0—9 0—=9 0—9
Track1 |1 —52—>3|1—=2—>5 1-2-3
Track2 |4 — 5 4 45
Track3 | 8 =6 8—=6—3 86
Track 4 | 10 10 10
Similarity

100

3 REFICED CEIRUT R OEBUL. R IR S
507510 TTOHTREHAETCERT L. AT
ETRAEZBENOMIBIFFT LT 2wz, B0H

OB OEPEEIEIHE Sz v,

R4 S—h o2 @) 0. FATRT AW, & LoE Y
OEELAMOF X% LT (£- @) 25, LIES <
5 LR IS LTS 2 TR L7 (4 (b)) .

THY, EBIZ IS AOANYOHHTH 5.

F 2T RS R 2 BAE L PR ORT. 2Ry
Sbb LI, BERRKTHLIZLHET, &ETOA
WO T DTN TS Z E D TRIS.

6. HbH V) I(C

RMEBREL T2 BT 2 A\WBIREEft 2 B L L7z, A
Yy DB IED B O I R 2R E L 72,
AN IE$ 2 58 S O B) X OWLBREE 2> S R A il
L, H#eEs oY% % pyramid match kernel
ZFHTHZ LT, RAHED S & 2 Bk O e ft
FaEFER L. EBEOREOMG L Wz @ L T,
TRMEBREL 12 B W CORB D B O3S IeAT T 1A R @)
LT ERMERRL 7.

(1]

(2]

(3]

(41

£2 U= A (2) BT AEHEA RO,
REFT | SRR L HAH

Track0 | 0— 1 02123 0—1
Track 1 |24 17 |22 =23 24 — 17
Track2 |7— 8 28 78
Track3 |20—>16 |5 —>18—1 20— 16
Track4 | 10—11 | 12—>13—>19 10— 11
Track5 |18 > 19 | 4 18— 19
Track6 |2 —3 6 23
Track 7 |22 23 | 7—21 22 — 23
Track 8 | 4 24— 17—=14 =15 | 4
Track9 | 5 1052016 5

Track 10 | 6 9 6

Track 11 | 9 9
Track 12 | 12 =13 12— 13
Track 13 | 14 — 15 14 — 15
Track 14 | 21 21

X ik

C. Huang, B. Wu and R. Nevatia: “Robust object tracking
by hierarchical association of detection responses”, Proc. of
European Conference on Computer Vision (ECCV), Vol. 2,
pp- 788-801 (2008).

Y. Li, C. Huang and R. Nevatia: “Learning to associate: Hy-
bridboosted multi-target tracker for crowded scene”, Proc.
of IEEE CS Conference on Computer Vision and Pattern
Recognition (CVPR), Vol. 1, pp. 2953-2960 (2009).

Y. Makihara, R. Sagawa, Y. Mukaigawa, T. Echigo and
Y. Yagi: “Gait recognition using a view transformation
model in the frequency domain”, Proc. of European Con-
ference on Computer Vision (ECCV), Vol. 3, pp. 151-163
(2006).

K. Grauman and T. Darrell: “The pyramid match kernel:
Discriminative classification with sets of image features”,
Proc. of IEEE International Conference on Computer Vision
(ICCV), pp. 1458-1465 (2005).

D. Sugimura, K. M. Kitani, T. Okabe, Y. Sato and A. Sugi-
moto: “Using individuality to track individuals: Clustering
individual trajectories in crowds using local appearance and
frequency trait”, Proc. of IEEE International Conference on
Computer Vision ICCV), pp. 1467-1474 (2009).



MRI B8 TIC BT B IEBEET 4 A7 VAT H078 #2380 LCD IZ & 2 W{RIERT/3 1 A DRl 149

MRIRIEFICE T BILRIRRET 1« A7 LA ICEIT BHR
F£2% LCDICLBEKRESET /A ADHT

E s B’

i w4 BT

Augmented Reality Display system for MRI environment
— 2nd report: Evaluation of the overlay device with LCD

Ken MASAMUNE?®, Ikuma SATO™*

MRI is used not only for diagnosis but also for intraoperative surgical treatment, especially with
open-type MRI. The surgeon often determines the position of the disease region by observing MR
images and the patient’s simultaneously during the operation, therefore, the predicted spatial position of

the diseased part is based mainly on the surgeon’s knowledge and experience, and surgeons do not fully

utilize the information obtained from the MR image. In order to provide intuitive visualization of MR
image for surgery navigation, we’ve been developing the LASER scanning system for intuitive guidance
of the needle path in the MR environment. In this study, to observe the internal information with higher

resolution image and drawings, we developed the new slice image overlay navigation system with MR
compatible LCD. We added the additional information such as the simulated internal points, the depth
bar on the slice image to perform more safe operation. The accuracy evaluation of the overlay system

was performed and the average error of 1.75+0.45 mm was obtained. This device is helpful to realize

new augmented reality surgical system for interventional MRI.
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Fig. 5 Overview of depth navigate function
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Practical algorithms for three-dimensional packing problem

Shinji IMAHORT*

In this report, practical algorithms for cutting and packing problems are studied. We first consider a
problem of enumerating bottom-left stable positions for a given layout of rectangles. We introduce an

efficient algorithm that enumerates all the bottom-left stable positions in O((n + K) log n) time, where n

is the number of placed rectangles (i.e., input size) and K is the number of bottom-left stable positions

(i.e., output size). This algorithm works for layouts without bottom-left stability and with overlaps. An

important consequence of this algorithm is that it can be utilized to design an efficient algorithm to execute
a bottom-left algorithm for three-dimensional packing problem. We show that the time complexity is
improved from the previous best-known O(m°) to O(m* log m) to place m rectangular solids.

1. Introduction

Cutting and packing problems are important problems
with applications in various industries such as steel, wood,
glass and paper. There are many variants of the problem with
different objectives and constraints, but the essential task is
to place a given set of items in a given larger area without
overlap so that the wasted space in the resulting layout is
minimized. Almost all variants of the problem are known to
be NP-hard, and many heuristic algorithms have been pro-
posed in the literature. One of the typical frameworks of
existing heuristic algorithms is the bottom-left strategy, which
places items one by one at bottom-left stable positions'?. A
fundamental problem to be solved for executing these algo-
rithms is to enumerate all bottom-left stable positions for a
set of already placed items and one new item to be placed
next.

Bottom-left stable positions are defined for a given area,
a set of items placed in the area, and one new item. It is a
point in the area where the new item can be placed without
overlaps with already placed items and the new item cannot
move to the bottom or to the left. We also define bottom-left
stability for a layout; if there is no overlap among items and
no item can move to the bottom or to the left, the layout
satisfies bottom-left stability.

In this report, we consider the problem of enumerating
bottom-left stable positions for a new rectangle within a given
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layout of rectangles that may not satisfy bottom-left stability
and may have overlaps between rectangles. We introduce an
enumeration algorithm that runs in O((n + K) log n) ctime,
where n is the number of placed rectangles and K is the
number of bottom-left stable positions.

The bottom-left strategy can naturally be generalized to
the three-dimensional case. An important consequence of
our enumeration algorithm is that it can be utilized to design
an efficient bottom-left algorithm for the three-dimensional
packing problem; that is, existing algorithms such as those
proposed by Chazelle” and Healy” cannot be used for this
purpose. We show that the time complexity is improved from

the previous best-known O(n°) to O(n® log n).

2. Problem description

In this section, we introduce two problems treated in this
report. The first one is the enumeration problem of the
bottom-left stable positions for a given layout of rectangles.
We are given a set of n rectangles I = {1, 2, -----, n} and one
large rectangular area, also called the container. Each rec-
tangle 7 € I has its width and height (w,, /,), and is placed
orthogonally in the plane. Let (x, y,) be the coordinate of the
bottom left point of rectangle i. We note that the given rec-
tangles may have overlaps. The container has its width and
height (W, H) and its bottom left point is placed at (0,0) in
the plane. We are also given one new rectangle J & I with
size (w), h)) that has not been placed in the area yet. The

objective is to enumerate all the bottom-left stable positions
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Fig. 1. Bottom-left stable positions for a rectangle.

in the container for rectangle j. See Figure 1 for an example
of bottom-left stable positions; black points in this figure
denote bottom-left stable positions for rectangle j. Let K be
the number of bottom-left stable positions for a given layout
and one new rectangle. It is known that K= O(n?) and K can
be ©(n?) for some cases (see Figure 1(b) for an example).

We then explain the three-dimensional packing problem.
We are given a set of m rectangular solids and one large
container with fixed width W, fixed height H and variable
depth D. The objective is to place all the rectangular solids
in the container without overlaps so as to minimize the var-
iable depth.

3. Algorithms

We explain algorithms to enumerate bottom-left stable
positions for a given layout of rectangles and its application.
We first introduce no-fit polygon, which is often used in pack-
ing algorithms to check overlaps efficiently. We then explain
a technique to compute for each point p in the plane the
number of no-fit polygons containing p by using sweep line.
In Section 3, we show an algorithm for enumerating bottom-
left stable positions for a rectangle. At the end of this section,
we mention the three-dimensional packing problem.

For the first problem, instead of considering the constraint
that requires a new rectangle to be placed in the container,
we use the set of four sufficiently large virtual rectangles
C={c, c, c, c,} (called container rectangles) that satisfies
the following condition: Rectangle j does not have overlaps
with rectangles i"€ I'U C if and only if it is placed in the
container without overlaps with rectangles i € 1. We denote
I'=1U C; then |I'| = |I|+4 holds.

3.1. No-fit polygon

No-fit polygon is a geometric technique to check overlaps
of two polygons in two-dimensional space. It is defined for
an ordered pair of two polygons i and j, where the position
of polygon i is fixed and polygon j can be moved. NFP(i, )
denotes positions of polygon j having intersection with poly-

gon i. Let rectangle i be placed at (x, y,) and rectangle j be
the new rectangle. Then NFP(i,j) is defined as follows:

NFP(@i,j) = {(x,y) | x,—w, <x<x,+ W,
y,—h<y<y+h}

We also define the overlap number B(x, y) of no-fit polygons

at point (x, y) as follows:
B(x,y) = [{i €T'| (x,y) € NFP(i, )}

By using this overlap number, we can characterize bottom-left

stable positions as follows:

(x, ¥) is a bottom-left stable position <>
Bx,y))=0ABx-£y)>0ABkx,y—¢ >0,

whereeis any sufficiently small positive number. In the next
section, we will describe how to compute overlap numbers
of no-fit polygons.
3.2. Compute overlap numbers

The algorithm first computes all no-fit polygons NFP(i, )
of rectangle j relative to placed and container rectangles
i € I'. In order to compute overlap numbers of no-fit polygons
in the given area efficiently, the algorithm uses a sweep line
parallel to the x-axis and moves it from bottom to top.

Let N, (resp., N,) be the set of all the top (resp., bottom)
edges of no-fit polygons and N, = N,U N,. The overlap num-
bers on the sweep line will be changed only when the sweep

line encounters a member of N

»» and changes occur only in

the interval between the left edge and right edge of the no-fit
polygon encountered by the sweep line.

Let N, (resp., N)) be the set of all the left (resp., right) edges
of no-fit polygons and N, = N,U N. Because there are n
placed rectangles and four container rectangles, [N | = |N,| =
IN|=|N|=n+4and|N,|=|N,|=2n+8hold. The elements
in N, are sorted in nondecreasing order of the x-coordinates
of the elements. Let x{¥ be the x-coordinate of the kth element
in the sorted list of N, , and define intervals

S=[x0wt] k=12 2047
on the sweep line.

The algorithm maintains the overlap number for each
interval S, during the computation. Initially, the sweep line
is at a sufficiently low position, and it does not overlap with
no-fit polygons. At this moment, the overlap number of every
interval S, is zero.

‘We now consider the moment when the sweep line encoun-
ters a member in N,,. Let NFP(i, j) be the rectangle whose
top or bottom edge is encountered by the sweep line, and
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assume that the left (resp., right) edge of NFP(i,j) is the /th
(resp., (7 + 1)st) element in the sorted list of N, . In this situ-
ation, we should change the overlap numbers for intervals S,
S , S,. To be more precise, we should increase (resp.,
decrease) their overlap numbers by one if the encountered
edge is amember of N, (resp., N,). To update overlap numbers
on the sweep line efficiently, we use a complete binary tree

whose leaves represent intervals S, S, -+ S, .- Due to the

> D7
limitation of pages, we omit the details of the complete binary
tree and denote only the results (see the paper by Imahori et
al.? for the details). It is possible to compute the overlap
number of an interval in O(log n) time. It is also possible
efficiently to check whether intervals whose overlap numbers
are equal to zero exist in some consecutive intervals.
3.3. Enumerate bottom-left stable positions

We explain our algorithm that enumerates bottom-left
stable positions. Observe that, while the sweep line parallel
to the x-axis is moved from bottom to top, the overlap num-
bers of no-fit polygons for intervals in the sweep line decrease
only if the top edge of a no-fit polygon is encountered. This
means that bottom-left stable positions can be found only in
this case, because a point (x, y) can be a bottom-left stable
position only if B(x,y) =0 and B(x, y — &) > 0 for any suffi-
ciently small positive &. For this reason, when the sweep line
encounters the bottom edge of a no-fit polygon, the algorithm
just updates the overlap numbers. On the other hand, when
the sweep line encounters the top edge of a no-fit polygon,
the algorithm updates the overlap numbers and outputs bot-
tom-left stable positions on the sweep line if such positions
exist. To manage these events, the elements in N, are sorted
in nondecreasing order of the y-coordinates of the elements.

At any point (x, y) such that the overlap number B(x, y) is
equal to zero, we can place rectangle j without overlap.
Moreover, if the overlap number becomes zero when the top
edge of a no-fit polygon is encountered by the sweep line,
then B(x, y — €) > 0 for any sufficiently small £€> 0, i.e., rec-
tangle j cannot move downward from the point. Furthermore,
if the point (x, y) is at the left boundary of an interval S, and
its left adjacent interval S, , has a positive overlap number,
then B(x — & y) > 0 for any sufficiently small £> 0, i.e., rec-
tangle j cannot move to the left. Such a point (x, y) is a
bottom-left stable position, and our algorithm enumerates all

such points in O(log n) time per one such position.

3.4. Three-dimensional packing

The bottom-left strategy can naturally be generalized to
the three-dimensional problem in theory, but its fast imple-
mentation has not been known; the previous best
implementation requires O(m°). By using our enumeration
algorithm for rectangles as a core part, we design a bottom-
left algorithm for the three-dimensional packing problem,
which utilizes the sweep-plane technique and runs in O(m*
log m) time. See the paper by Kawashima et al.” for the
details.

4. Conclusions

Cutting and packing problems are important in many
industries and practical algorithms for these problems are
needed. In this report, we considered the problem of enumer-
ating bottom-left stable positions for a given layout of
rectangles. Our algorithm for this problem runs fast and
works for layouts without bottom-left stability and with over-
laps. By using this algorithm as a core part, we designed a
practical algorithm for the three-dimensional packing prob-
lem, which places m rectangular solids in O(m® log m) time.
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On Active Control of an Axisymmetric Turbulent Jet Using Moving Vortex Generators

Kouji NAGATA™*!, Yasuhiko SAKAT*!

For the development of an active control of a turbulent jet, measurements are performed in

axisymmetric turbulent jets with six computer-controlled vortex generators (VGs) installed at the
skimmer. Three moving-modes are tested as well as the stationary mode; in the first mode, the VGs are
oscillated in phase (axisymmetric mode); in the second mode, single VG is inserted by turns along the
circumferential direction (rotational mode); and in the third mode, three adjacent VGs are inserted

alternately (alternate mode). The Reynolds number Re; based on the skimmer diameter d and the exit

velocity U, is Re;= 10,000 for all cases. Instantaneous axial velocities are measured using hot wire

anemometry with an I-type probe. The results show the significant influence of moving VGs on

turbulent jet field.
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Cooperative Distributed Moving Object Tracking by Multiple Robots Based on Feature Selection

Kosuke SEKIYAMA™ *!| Takayuki UMEDA™', and Toshio FUKUDA™!

This paper proposes a cooperative visual object tracking by multi-robot system, where robust

cognitive sharing is essential between the robots. However, one of the main issues in vision-based

distributed observation is the significant differences in the background image for the interested object.

According to the observing point of the robot, effective invariant feature to identify the interested object

is different. In this paper, we propose an ambiguity index to select better feature algorithm for object

tracking. Experimental result shows promising result for the effective multi-robot cognitive sharing.

Keywords : Object Tracking, Cognitive Sharing, Feature Selection, Multiple Robots
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Formation of Si,.,.,Ge,Sn, on Insulator by using Solid-Phase Mixing of
Ge,,Sn,/SOI Structures for Next-generation ULSI Applications

Osamu NAKATSUKA™** Kenta MOCHIZUKI*, Shigeaki ZAIMA*

We have investigated the formation of a Si,_,,Ge,Sn, layer on insulator by using solid-phase mixing
of heteroepitaxial Ge,.Sn,/Si on insulator (SOI) structures. The solid-phase mixing of Ge/SOI structure

generally requires the high temperature annealing as high as 1000°C for the formation of Si,_Ge, on

insulator. We found that the incorporation of Sn into Ge realizes the reduction of the annealing
temperature lower than 400°C for the formation of a Si;,,GeSn, layer. The morphology of the
Siy,,Ge,Sn, layer is uniform and the mosaicity is effectively reduced by annealing.
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F7:, mdl - KEHBEE TN AIRHIZ
F v R VERWH R EoB» S
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epitaxy : MBE) % 27z, SIMOX J:AR % 1L 5 9k i 1%,
MBE#{# 1238 A L, 850TC, 154 o B 72 i LB (2
XoT, Si(00)EERMZER L. 20k, HEHiR
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tion : XRD), & 8® % 7 ¥ $E (Transmission electron
microscopy : TEM), X UOVERE T MM (Scanning
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Optimization of Surface Treatment Method for Fe Alloy by High-Resolution Microscopy

Hisashi SATO', Takayuki NISHIURA®, Yuichi KUBOTA?,
Eri MIURA-FUJIWARA® and Yoshimi WATANABE®

When metallic materials are severely deformed only on its surface, deformation-induced layer with

very fine grain and high hardness is formed on the surface. Such deformation-induced layer is often

observed on the surface treated by shot-peening, wear and so on. In this study, formation behavior of
deformation-induced layer by shot-peening or sliding wear was investigated using Fe-33mass%Ni alloy.
Especially, phase transformation behavior induced by these surface treatments is focused. The
deformation-induced layer formed by the sliding wear has only austenite phase and fine microstructure.
On the other hand, the deformation-induced layer induced by shot-peening has small grains and consists

of both austenite and martensite phases. It is considered that this microstructural difference of

deformation-induced layer comes from surface temperature generated during the surface treatments.

Moreover, it is found that there is no dependence of initial microstructure on the microstructure of

deformation-induced layer. From the obtained results, it is concluded that the microstructure of the
deformation-induced layer depends on the surface-treatment method.
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Table 1 Details of specimens for wear test and shot-peening test.

Initial

Specimen name

Cooling method

microstructure

WW (for wear test) Water quench only y
WL (for wear test) Water quench + Subzero y+ao
SW (for shot-peening test) | Water quench only y
SL (for shot-peening test) | Water quench + Subzero y+ao
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Surface

(a) Deformation
Induced
Layer

Fig. 1 Image Quality (IQ) maps showing microstructure around
worn surface of (a) WW and (b) WL specimens. Black lines

show high-angle grain boundary.”””

Table 2 Volume fraction change of y around wear surface.””

Volume fraction of y

Specimen name

Before wear test After wear test

ww 100 vol.% 100 vol.%

WL 17 vol.% 100 vol.%
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Surface
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Fig. 2 1Q maps showing microstructure around worn surface of (a)
SW and (b) SL specimens. Black lines show high-angle
grain bounda.ry.g)

Table 3 Volume fraction change of y around the deformed-surface
by shot-peening test. %

Volume fraction of y

Specimen name -
Before shot-peening

SwW 100 vol.%
SL 13 vol.%

After shot-peening
55 vol.%
39 vol.%
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Geometry for statistical inferences in complex systems

Hiroshi MATSUZOE*

In complex systems, probability distributions do not decay exponentially. Such a probability

distribution is expressed as a long tail distribution or a fat tail distribution, and it may not have an

expectation or a variance. However, notions of expectation or variance are followed to probability
distributions of exponential type. They may be useless for probability distributions of non-exponential

type.

In this paper, we consider g-exponential distributions as an example of probability distribution of

non-exponential type. We then consider statistical inferences for g-exponential families from a

viewpoint of differential geometry.
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DOERRGATTIE, RIS 2 E BRI D - 15K
METHINT 2 EE2LDDPHKRTH LI EEERT
3

BRI g- M REERIMEOTE N OEZ D, S, % q-
BERGAIEE L, MESOBBETI, $bbSO
i g- FRBIL A & L, FLOG A plsu) = p(x;0(w) € M
EEL LT 5.
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SACEFEDIEHET A N—V 2 v AL g- MBI

A N
P, (PO ), p(1)) =)~ I log, L, (u)

ORI Y LD, Thbh, ¢- LEORKILIZg-1E
A N—=T 2V ZADORMEIZEL V. 5122,
q- T AHEE B & 13 g-Fisher #t8 & V- AR BT 5,
T=IPODETVFANDELRGE THD I L bbh
5. EHET A N—T 2 ¥ R3S HARD BT FHERE 7205 A
LIRFEFLBBTHLDT, g-mUHEHIIEMFEMI AT
LHARLGMETH 5.

BHUIC

BHERBL AT B BETHER &, Z %L O
MDD IO TRHIC IR 72, TR0 R g- W HL A 12
Lo Ttk SN 2B, B 21X 0 O KBUGHE S ek
liDZEBD X 512, 4 BELAMPANGE T 5 2 & 28
T&T, TRZENORHEEPMOFLIA S O % 5.
AHEOBVDOTHHLEEZOLNS. TOLH)RBLT
IFHEARZEH AL —21) v FERTIERL, X7 VR
REMIKRD X I, B AHMOBEFENREESNIEL TV 5D
Llbha,

Z 2 PR & OB FARDEEAZZ R O KRR
RO FIHAFT 2METH B DT, BRI Uiz
IR ORIPLETHHEEROND.
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Preparation of Ultra Low Flow Resistance Column Based on Polymer Monolith Technology

Shinya KITAGAWA*

Tomohiko HIRANO™**

An ultra low flow resistance poly(butyl methacrylate-co-ethylene dimethacrylate) based monolithic
column was prepared with the low temperature ultraviolet photo-polymerization. A polymer monolith
structure with winding huge through pore of 10-304m in diameter was constructed in i.d. 100um fused
silica capillary by the photo-polymerization for relatively short period followed by removal of the
fragile parts in the monolith. A column with ultra low flow resistance was prepared in polymerization
period of 2 min under a low temperature of —15°C. The column efficiency was evaluated under an
isocratic condition and high column efficiency up to around 148 000 plates/m and 95 000 plate/m for
uracil and toluene, respectively, at the flow rate of 0.5 mm/s was obtained. Using this column, gas
pressure-driven low pressure HPLC (gas pressure of 0.15 MPa) without conventional HPLC pump was
constructed, and the separation of alkylbenzenes and proteins were demonstrated.

1.3 U & (I

fitkru~< b5 74 =458 (HPLC) THwbHRIA
GEEN T 2E, 3~SumBEEDOIRIRY VU h 7V R ERIRR
Ve —FMEEICKRE L, TEY S AP HRNTH
L. =0, A, A T L LITR LR D FHO 5N
SARELT, EJUAATANEHEBO TS,
B AN T NGRS AR AR L LT
THEY, ‘KA T2 L) HEMEIHL, HHEEDRE
WEWHEBEET D, FDD, KBEATLLIY L
BtV <, (1) @HOTEA T LLDEREVY T
ARSI L THMERAM LS 22 LA TESY,
(2) HERRWE ) CRTEHGE AT R TH 1 i
AFve T R oRMSH L. £ YA T L
X, ZOEMICEIVIVHEIY R ELERE)—F )
Y ADOTHEIHICKHTE DL, — Iz, ARRY ~—%
VARG R, -, BB, MHUEEH, mE
BIGEHI 2 & % B USRI E, I LN TEASEL I L
THELEN, WEINE ) A GBSO —E
WITE, BVOEERESIEONL EEINTWA.

—, WEXFY YT —HFHIE, E/IVAATAE
D OMBIEAVNE R A S A THHLI DD, S5hD

20114201 H =38
LR e TR S 2R E

o TR TR RIE B LS
A B TR b T Se R

PR e R A E B S N A WREEEZ A L T
L. LLAFS, PEFYESTY =T 01, ZOWH
ik, e (FEMREE) 2BReEsh, #Eo
BEERELTHIEDEHL V. @Y RS EEZIT) 720
WIS LBREORIEFN LIELIELE L Shb.

FITHAIL, PEFYETY =D T L LD RN
KREL, BHEOEIYAHT L LN S FEBEIAVN S W
HHRE S A A5 2 KKK INHL Y 7 2 OB 2 A7z,
BARIIZIE, KU ~=—F /) AOELWM 2 8k %
DLEANRE RVERCTEILL, BWTh T a2 EHR
THEFLREELREY)Y—F ) A%2HKINEE, 7T 4
WIZERE@BILZ AR S5, By I 2%
WTHET RIT- 7. EXREH@EILICE D IEkDOE /Y A A
T 58X D D KRIBICTHEEIEYIAMRL 2D, F72, PR
T T AN S 72T 2 ) RS XD REEDY
RKTbLEzLN5.

AR TIE, BEREIEIT Y 9 2 OF B LMo BT,
TN D5 HEEREREAN, AR IKPL A T & % F v/
JEm etk o~ ~ 757 (LP-HPLC) ®B% %
1o 7.

2. £ B
UVE&#EF ¥ ¥ 71— (NEI00um, #E375um,
GLY A=A, W) 12, 333 A% 7 ) NVFFT T
QUYL RMI AR TT T VEREMZL, 65C
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T3FRMMEAL, ¥y ES5) - A Y 7 ) V% E
AL7z. DWT, AZ 7V VEBETF IV (£ < —, 24%),
A Y NEBRIF LY (BER, 16%), 1-TH ) —
v IFLIBIEH], 34%), Y7 a~Fxd s — ) (HITLE
WH, 26%), 22-VAMFT T2 N2-TE b T/
Y OBREH, € < — L EEHIOAFHIN L T1%)
MO RLZESRISEREF YT Y —IFEAL, Hilks
BN (—15C) TZOF v 51 — 28 GRIE 170
mW/em’, #%35365nm) ZHRETL, insinEAICLY
RYVI—F/VAHTLERBL. HEEE T4
RS 7 — VR, REBWB X ORENA 542 E
V—F /) A EBREL.

R 72ETON T DMEIHHE-FTTLVF LRI Y
CEHERB O S HE R AT WA RE O FHIi 2 B 2 % 5 7.
$72, HARLERE VAN S 20REITEESL —
W — SR (Digital Eclipse C1 (Nikon) # fiii 2 728137
MM (TE2000E, Nikon)) #JHv, B %4757

3. HBREEE

31 BT LBEREEO®KRE

W7 ET 50 7 ARBYTIE, EERHNS T A
OB ROLEELZNT L5, T3, ANz
15,2,4,8 1655 LS 2&ZFNENFHPL 2. &
GRE1550H T L TlE, WEKFICETOERKE )
ARG EBENHENT LE 72, EABHE2~84T
&, PEERENICE 2 Y AR S E TN T WD 2 LDl
RCE o B omEE, EARER ORIV
L7z BEABMT1650O%EE, MERE ) RAE
IR S, WEHRFICH T AW o BRIz
oz

MU h 7 LORBIRMEZ KT 5720, BEFE
(K) %, WREHCTHIEL.

_unlL
T AP

72720, wn L AP, ZhEN, i, BEHH O/
W A5 LE AUETHL. KURTEIE &
T LDRERT, BEARMAREL 221EIEHAI LT
LI ldbhrb,. Thbh, HAERMN2G5 TR IRKK
PoAVNE WA T AHHE S sz,

HAEWRM 25O 7 2 OREIPIE 2 51253 5 7
W, BEMHOBREHEE H T AALEL OWGEERD 7.
M21R_ T LHI2, Mide g2 AOFERK, Pl
bR 12 mm/s T TIREMBRICH S 2 Edbh o7z
(>0.996). ZHE, ZOFPHIZHB W TIEEE %2
ToTHH T LADREEIRE TRV L2 EIRL
TWwa, F72, M2ICR 7 EMOMESIE, 0.12MPa/
(mm/s) Thorz. ZOfHIE, FAILBICHEL TS

40

.Lo)
(@]
T

REF(X10"°m?)
N
(@]
T

10

0 5 10 15
FAGFIER]  (min)

1 EARER & REROBR
BENHE 1 40% 7 b= b VOVREE, BEMBIRAE | 1 mm/s.

— —
o )}
T T

49 5 ALE (MPa)
=]

OO 1 L | L |
0 5 10

WU (mm/s)
2 #E s 7T o ALEOBRR
WSE S & i —.

WEOHEE ) VAN T LOHIBTHY, —igs
FHA T 2O A0TH D, —F, HEFYETY) —A
TRLWET Y, ZOEBFIE13~1/30THHY7,
AL BRI T A0, WE DTS Y A
FSALPEFYETY)—h T LORHEOEMREEAE LT
WhZENbhol.

L 7RSI 7 2 ok e, AL —
F—BEMEE W TEIZ L. K3IZBWT, Ay
W E AN L 72 Rhodamine 6G %, F A #4513 22k
ERLTWS., Thbb, EESEMH25DH T LTI,
FREMY AT ANIC, EE10~30um D EKE ML
B EINTWEZEPMHERINT., Tabh, BEREME
fUEEDER I ND Z 1L D, MK s T
W5 ZEDTERTE 7.
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K3 ML —F—MBERZIC L > TSN AEAHKM 250
B 5 LE

3.2 BERBERD T LODBEMEEO ST

T - AR 2 5 O AT IET Y 7 A o 2B
HEZ, TUFNXRE A REREE LR CEHb
1o 7z
Bl4ZT7VEFNRYEVEHO, BEFHHEHE I mm/s 2
BB 0HERERE R L7 (BEAH :40% 7T =)V
KBEW). ETORBDPTHICRFFSN, R{mEsh
LN, AR LIRS E — 7 OBGRE
B (N) 1, 62000~1290008/m TH - 7z, FEF PR
Wz Lz, K3IR L) ICERICAY—oEmn
HTAETH LIS b 6T, Tk amiEs
LD Lhbrosz, FELBIREKET A 7 40
SEEERE D E 4 BEMII 0 720, MR & BB (H)
DR E TRz, FSIORT LI, #HIEHEO0.5 mm/s 12

WIEHE (-)

| 1 | 1 |

10 20 30
PRFERER]  (min)

R4 BRI 5 22X BT VF XX O 5
FEIHA 1 40% 7 F = b ) IVKIE, BEMBIRAR ¢ 1 mm/s,
AR CUVIEE (190nm), #1750, 2y
3TFAURYEY, An-Ta MRV, Sn-TF VXU ¥
Y, n-RUYFVRYEY, BRRE 7T Y VDA03mM,
fi1i% 1 mM

50 o
40 + o
g o
30 F
8 o
o
1 o
B 201 3
i o o
&
jof 8R°
x6° ¢
| ! | ! | !
0 2 4 6

Bt (mm/s)

X5 ks HamBEmoMR (Hu7ay )
LRI OYTYN, [IMVI Yy, MOSLHEK4 LR

BT RK HP RN &b Ebho
7. COMOBRmEREIEX, vV VE ML VBN
<, FhFEN, 6.7um (1480008¢,/m), 10.5um (95 000
B/m) THYH, INHOMIIBHFOBEEDOE Y AA
FAXY DT E L, BRI A 7 2058 o
HREEAH L TWABZ EDRHS NI 7.

F72, KARLETVELRY Y VEOGRRL (k)
1$1.3-8.6 TH o 7z. Eeltink S5HAGHBL 72X ¥ ¥
V=HTFHIIBIFAT VIR E VEHOGEETIE,
Fa L BIFR—FMEoBEBMHE HWI2HE, -7 F R
YEVOREEDS03HLIZ08TH L EHBE ST
2% —F, HACBI BT F AR Yy ORI
53ThHY, SNFHELBKREKITY 7 513, 2
FYEIT) =T LADT-1THEORFFEREETAEL TV S
ZEthnh ZORFOHKIE H3IIRERALTWVS,
EREHMLOFBIAAAET 5 E ) AMEICHRT 5 &
EZ2oND. —F, MMOBEOFERE I VAL TLL
T 5 LY, SHEEL 72 BRI Y 5 A O
i, ®12Thy, BIRERIKTT Y 7 2 OFBHEAR g
HEPREFYES)V—AFLEEI)AH T LDOHHT
HhHZENbhoT.

PlEnZ Ehs, HoiciRn i Bitht & i o %
FEMREEZ AL, 3 5ICTamEvrBitkhe % i 2 7oK
HIPL A 5 2 OBHSSICEII L 72,

3.3 EKESMEEREFE/OYNT 7 T7ADOER

TR L BRI Y 9 20, BEAEREOESNT
T s E RS LN THSL. T THAE, &
AWM (0.15MPa) (2 & D% %2479, RSPk
rsu<x 257 (LP-HPLC) ZHisEL7:. BIERXWE
179 % HPLC Tl&, — RN EEHE A IS mE v
TUEHVOND, SSRGS T 4 %
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WA LP-HPLC TlE, BFHEAELTEF YT Y —&ER
UREDE L FRRO, EEEANEALEZ R L.

9, 7TIVFIUXRYEVEHE W TLP-HPLC 4
PR Z AL, DWTH Y87 B~ L7z, |
612, LP-HPLCIZ L2 7 VX LR V¥ VH O 58 % 75
L7z, TAV IS5 4y 75, 79V Mgl
NOWEIIBWTD, TH0%ilbolixir) 22 T&
2. $%bb, 0.15MPak ) bEriET, 2k
HEA, BLOA I LA SH 5 A MIINORE OB %
WY R BEMANIICT) S e EETH o2, F 72, LP-
HPLC O #FE BB oOHBIMEIC O W THRE T 28 2 5,
TAVIIT4 v 7HEEBLO TV MABEICIBW
T, ZNZENHAEHERFZ0.2-0.5% (n=3), 0.8-3.0%
(n=4) EEVEHBEIE SN T4bb, i
THLTIVFNVXYE VHHT, LP-HPLC BT+ 45 7%
PEEEDE SN T WD Z E DA T X 72,

5 N
346 4

\\{f
H
AN
-

W (=)

PRFFIER]  (min)

F6 MIKHKIEITH T 22X D TIVFILRY X VO
BEME: T4V T4 v 2740%7 & =V VKIER, 7
VIV M40-60% 7 L b= bV IVKER (105), ALE
0.15MPa, Z Mo 4EixX4 & F—.

WWTLP-HPLC % % > /8 7 40 L 7. Hig
FUNRIETHILYVSF =L, FIMNTVTIY, oY
ME7V7TIy, 33708 /IonTrIYIy ME
WA T8 h, TUFARYY VHERBEICT5%
SHEB X OHHESEOND Z LA TE 2 K
ELTC, F=7V MEEZ045um D 7 4 )V & — T
L7z % 3k & L CLP-HPLC ¥ %2 T o 72 & 2 5,
F7IRT &9 RamEass 2 Lok,

4. ¥ & O
i T I2B 0 2 RIMOEES OS2I L, BERH M
Laef§ 2 BRI 7 2 OF I L. R

WL (-)

y -

| f | 1 | 1

0 5 10 15
PRFERER]  (min)

K7 BIKIIEE D T 22X 5 5 v 82 Bosk
BEHE: 79T b20-55% (2047) T h=hVUILKE
W (MY 7 VA aFEEE0.5% W), AITE0.10MPa, #&iH :
UVIESEE (190nm).

L7274 9 A%, D TIRWIEKIKIT L, RREEE o SRR
Fe), TLTEWIBEEREZAL T A Z e W5
2oz,

L 7B IRET Y 5 A 2 T, R B AR
rax NI 7 EMELLEZ A, EEKSTLEDY,
R EERDO T, bT00.15 MPa &k I il
X Z3%EWT, WHOHPLC & W% R T oRE 5 #ED
ERTEDLZEZMA L. 5%, BREENY 520
W Btk &, LP-HPLC @5 H D W THZEMFsE
ZHEDTOLFETH .

X

D ARF £ bk F HBEY. SAEE 10, (2004), 576-
584.

2) MERT RO, JNESREON, RIRIE T, SHTALA: 57, (2008), 517-
529.

3) K. Miyamoto, T. Hara, H. Kobayashi, H. Morisaka, D. Tokuda,
K. Horie, K. Koduki, S. Makino, O. Nuifiez, C. Yang, T.
Kawabe, T. Ikegami, H. Takubo, Y. Ishihama, N. Tanaka,
Anal. Chem. 80 (2008) 8741-8750.

4) Y. Ueki, T. Umemura, Y. Iwashita, T. Odake, H. Haraguchi,
K. Tsunoda, J. Chromatogr. A 1106 (2006) 106-111.

5) T. Hirano, S. Kitagawa, H. Ohtani, Anal. Sci. 25, (2009),
1107-1113.

6) S. Eeltink, F. Svec, J.M.J. Fréchet, Electrophoresis 27 (2006)
4249-4256.

7) K. Gohlin, A. Buskhe, M. Larsson, Chromatographia, 39
(1994) 729-739.



AT ¥ L A OB RT3k S o 185

ATV L AHOMEEICRETHERBEDREE

% R
e 1

i .

= i ok B
\/3
m}

Effect of crystal structures on antibacterial properties of stainless steels

Yoshimi WATANABE', Eri MIURA-FUJIWARA® and Hisashi SATO’

To investigate effect of crystal structure on antibacterial behaviors of steel, structure control is re-
quired in order to obtain various types of single-phase or pseudo-single-phase samples with same chem-
ical composition. Thus austenite-metastable stainless steel with various heat treatment conditions was
studied by x-ray diffractometry and electron backscatter diffraction. More than a half volume fraction of

martensite phase was obtained by sub-zero treatment in dry ice for 1.8ks. After electropolishing for

120s, 180s and 360s, martensite phase decreased up to about 15vol.%. By electron backscatter diffrac-

tion measurement, lath martensite was mainly observed in the sub-zeroed sample, however, both lath
and butterfly martensites were observed after the electropolishing. Forty three percent difference of mar-
tensite volume fraction was successfully obtained by those treatments.

1. % 8§

1996 4512 58 A L 729 JEUTE R B T O-157 o 42 [F1 Ik 4 L
B, HEHOREHENOERPE T o7, FNIHE
v, PR EZFEOMA ZEM ORI - A0S ED,
VLA R NS L2 TS AT 4 v 2, WEk, AF VLR
BB shTcws Y. SEMEOMREE I, E
WCHEMA & 0 ORBHEEDREE 72 5. R REAT AT HHIZ
X DRI HE ORI IR TR FiD A + ~ OB AS
SN, MEOBREERAEHT 2 L) E LT E
Thb. HHMEEZFFOEEICHEITIE, He Ag Cu, Cd,
Co,Zn, Sn&A P 5N 5. 22T, AgRCu%k £l
RE I S THREEZ > 725w A 7 > L A
BEAL S HCASoRBHEELY, 792
T4y 7 RWHERG T, Agl TR osesZ
THHMEZ RS2 RN~ TH L. T/, Cu
WIMBOYE, e-Cu 2SR FUIHTH L, PRt % o
CO" DM LR T %%, LA LADSCuliihE 0N
&, WA X 2 BRREEDIE , ML HomE
PR X BIGVEIRFE OSSR B & T 5 L W
shTwa?.

Thbb, BEEHOBH A = X L I3WEH 2 Ho
BBILEDHLVEFA TV FDOHDODOMPTERHMINDLD
201143 H4H =8
'R LR R b LR R
R TR R AT R R 2T A o 22

Bl T ORAE T A R UE S
EAN- AR I YL TR TR 2 e

BRI TH 5. MRHBEOPUREE N~ ORI Mk T
SERR AT IR E D L OBRLORN RS ETH Y, DA
PEF & I IRRE R i s (2B B lam 3P v, L
L, eCutizMih S8 MHAT Y VAT, ¥—AF
FA4 b (yfecc) FE 7254 (o, bec) R TIEPLHTE
R BT WO R 2EAb o1 Y. Th
AL Cud BV Cu 12X 2558 & v ) 7213 TiEdim
PHRETH L. 20O yHRalORE S ERE
FTLLENEL LD, COWREERBMHOMK L RAR 57
B, BRI RS O R 2.

COEHIT, HMELZS L IR EEZ S
VBERH LD, —HDF—=ZATFTF A VRAT VLV AHO
WA, MLREELBICE T VT H A4 b (o,
bet) MAAERT 5. THITEIEHERBICL2D0TH
5. ThRDOHHMEIC X ZHEILTIRENZD, F
R DZAUIZ X 2 &8 OB X 3 2 3N 2 15
PELNLEMFESNS. T2, HREROIEOLE
AERLERTEASND O FTARIZE o> TEROBRLILF
KREIETIE, GHILEOAF M I 22 L b
EZbN5.

ZZTAMEETIE, A7 v L AHOR SISO X
BLPLHTEREDEWICH LTS 2 720, BuriPEEHI
Be it — 27 F 4 M HORBREIH %17 - 7.

W HE L 22 BB X B p IR R SR & o 72
FEICBWT, RIFMOBLAIL R (C) O FFE I
PHAT = VHNOILFHERL, EOREati~L Lk
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LCTLEH L, 2L THEMERIIIMIHERE 255
ASNTWBIREMEAVRIE STz 20720, 4EILE
fE i (electropolishing) 2 & % K T oK%
To7z. F723RGEE (sub-zero treatment) (2B L T
A ERICEI UM EI ) S ERE FTIA T4 AL D
WIZAT, o MO E R =L & 3l 7.

2. RBH&E

H#r—2AFF A FRAT VL AL EN & ISR L
LC, TR % i L7250k & R LR L 72308} 2 1R i
L7z, A#AE, SUS301 £ ) NighAEZ 1%KL
T5ZETYyREWLE T, —FH, CHRINZL->Tyo#
ELZH > TWLO0UE LTHIF o NS, KT
A X3 R O E B BAKISO 22196 : 2007 12 #efL¢
B rr L, JEEK I mmOBREEEAM % 5% 5mm’ /12
LI L 7-.

R LIPS X OVERT S & Table 1ISR3. R
MENE, BRVEL 723 % R4 7 A4 2 — g2 R e
L, ZOBIEME TCRAFICTHET A LICLDIT-
7. BRI HPO, & Ho,SO, DI A (AR L= 3:2)
HTAT\y, Table 1IRT & 9 ICWHEBRH 2 2L S ¥ 72
W, BB OERFEIL1.2mA/mm’ Th - 7.

Table 1 Subzero treatment and electropolishing condition

Treatment Temperature | Holding time | Polishing time
(K] [ks] [s]
Sub-zero in dry ice 194 1.8 —
Sub-zero in liquid N, n 77 1.8 —
0
o 120
Electropolishing 180
360

MoREE, CufEkzHuvTX#EY (XRD) i
THio7:, BONZEITE— 7 OB MEN Sy E o
MOERDRE KD, F72, o HOBAREEFR
%72, )7 HELTR TR (electron backscatter
diffraction : EBSD) (2 & %i{ll%E %17 - 72.

3. BREER

P F T AR L RS L OB O XRD 71 7 7
A4 v % Figure LIRS, o707 7 4 v 513,
W oo fHOE =7 PR M7z, ThETORERPS,
PEEAA I RN TFH o HDSTFAET 2 2 &R S
NTw2”. ZOMKOCuf Bk TOXMEBE S 13
K63umfEELEZzonb 2 s, s BV
=213, FICREBONTHEEe HISRKT S &% 2
bNa. HIZ, RELHEM T, 556 b MEMIZHN
TyMOE =27 BENBAS Lo flOo¥— 7 EIKE <
Y, FRAME =2 11Dy & (01D e TlE, HEEL

B = A -

(4000 cps ™

E~
=

20 "

Fig. 1 XRD results of as-received and sub-zero treated specimens.

HICX 2=V EOHIAR LN, Thbb, BE
M X > CTo WALz EZ SRS, ZLT, £
D=7 by TERIZEFER L 2WELAM LD D F
FTATA AL BEG UM THETH 72, DT L
Mh, AEEEICBWT, FIA4 74 AICK5EGUHEIT
WAEERICL 2D L) bENT-o A RAREER R &
HT 5 LGt

5T, BB & 2 KM TR % B3 2 720 BT
BEEITV, KSumMBEOE R ERE L. ERE
247 o 7230k o XRD [l & D #5 % Figure 2127”9 .
IR ERE I ORI PE > Ty ¥ — Z RN L, o
Y=o 259 L7z, RIS, GREGILEE E BRI, TEMTE
L7201y 01D D=2 + v 703
1, BREREHOMINIEVRE { Ro7. XRDEIED
KRS/ O NI KAHORE T IRE 2 W TRD 2yl &
o HDOKFEFRZ Table 212R7F. 9474 AICX 5
R W % i L 723Uk 0 o MR 53137 58% F <1
mL7. ZoOME O HEREGFIE, &K50%HE L
BbNTwa. koT, A LLRBREEHEIZZO
WHECTHONIBRKO AT EEHL TV A,

E51, R E MR E T, BROERERNICE
3 o MR GEOBIZ OV T O HELIT- 7. ZOk
B, EMATEREICEY, o RS FIKT LA £
7z, 360s O BRI E % 17 > 72 5Bt O o HIEF 70 %1
I5%FETH Y, B2 L 72BLBM O o #AR
3E33% & ) RIEISWHA L7z, 2hig, o kHic

L .

8000 ¢

(111 %

(022)y
(113)y

120 s
—h—m—— As received

26

Fig. 2 XRD results of as-received and electropolished specimens.
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Table 2 Volume fraction of yand o’

[vol.%] Y o
As received 63.5 36.5
Sub-zero (dry ice) 42.0 58.0
Sub-zero (lig. N») 51.4 48.6
e-polish 120s 79.9 20.1
e-polish 180s 80.6 19.4
e-polish 360s 85.0 15.0
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Fig. 3 EBSD images of electropolished (upper) and sub-zeroed (lower) samples;
Left: image quality map, center: phase map, right: inverse pole figure map.
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Basic study of metagenomic analysis for medical application

Ryusuke SAWADA*

Metagenomic analysis would provide us information about what kinds of micro organisms in

environment are related to the human diseases and disorders. We investigated a method to obtain the

gene region from metagenomic fragments. First, we calculate the score Sr which represent how close
the particular regions are to gene coding regions of real genomes. We could decide correct reading
frames with the 66% by using Sr. Then we divided the no cording region and coding regions by using

the Sr and Sn that is the score to no coding regions with the accuracies of 79% for coding regions and

60 % for no coding regions. The, we, expand the predicted segment to stop codon and start codon.

Finally, we could predict correct reading frames and no coding regions with the accuracy of 73%.
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Absolutely local occupied and excited molecular orbitals in
the 3rd order single excitation perturbation theory for
molecular interaction
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Suehiro Iwata

J. Phys. Chem. A 114
(2010) 8697-8704

Absolutely local occupied and excited molecular orbitals in
the 3rd order single excitation perturbation theory for
molecular interaction

Suehiro Iwata

SHAFFEHE 63 (2009)
37-50

Absolutely local occupied and excited molecular orbitals in
the 3rd order single excitation perturbation theory for
molecular interaction

Soichi Shirai,
Suehiro Iwata,
Takao Tani, and
Shinji Inagaki

J.Phys.Chem. A.
submitted

Ab initio Studies of Aromatic Excimers with Multicon-
figurational Quasi-degenerated Perturbation Theory

Suehiro Iwata

J.Phys.Chem. A.
submitted

Dispersion Correction Energy Based on Locally Projected
Molecular Orbitals

Y. Kaneko,
Y. Hiwatari, K. Ohara
and F. Asa

Proceedings Interfinish
2010 (to appear)

Multi-scale kinetic Monte Carlo simulation of electro-
deposition and its application to industries

Y. Kaneko,
Y. Hiwatari, K. Ohara
and F. Asa

ECS Transactions, 28
29) 1-7

Simulation of Three-Dimensional Solid-by-Solid Model and
Application to Electrochemical Engineering

Y. Kaneko,
Y. Hiwatari, K. Ohara
and F. Asa

Proceedings 218 ECS
(to appear)

Multi-scale Molecular Simulation of Crystal Growth and
Mass Transport in Solution in Copper Electrodeposition

Bl BROBK

SHP7EHE 63 (2010)
51-62
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S. Yamanaka,

S. Nishihara,

K. Nakata,

Y. Yonezawa,

Y. Kitagawa,

T. Kawakami,

M. Okumura,

T. Takada,

H. Nakamura and
K. Yamaguchi

Recent Progress in
Coupled-Cluster
Methods (J. Paldus et al,
Eds, Springer,
Heidelberg, 2010) 621-
648

Instability in Chemical Bonds: UNO CASCC, Resonating
UCC and Approximately Projected UCC Methods to Quasi-
degenerated Electronic Systems

S. Nishihara,

S. Yamanaka, T. Saito,
Y. Kitagawa,

T. Kawakami,

M. Okumura,

K. Yamaguchi

Int. J. Quant. Chem. 110
(2010) 3015-3026

UNO- and ULO-MRCC (Mk), AP-UCC and AP-UBD
Approaches to Diradical Systems

T. Saito, S. Nishihara,
S. Yamanaka,

Y. Kitagawa,

T. Kawakami,

M. Okumura,

K. Yamaguchi

Mol. Phys. 19 (2010)
2533-2541

MRCC, APUCC and APUBD calculations of didehydronat-
ed species: comparison among calculated through-bond
effective exchange integrals for diradicals

S. Nishihara, T. Saito,
S. Yamanaka,

Y. Kitagawa,

T. Kawakami,

M. Okumura,

K. Yamaguchi

Mol. Phys. 19 (2010)
2559-2578

MKkMRCC, APUCC and APUBD approaches to 1,n-
didehydropolyene diradicals: the nature of through-bond
exchange interactions
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T. Saito, S. Nishihara,
Y. Kitagawa,

T. Kawakami,
S. Yamanaka,
M. Okumura,

K. Yamaguchi

Chem. Phys. Lett. 498
(2010) 253-258

A broken-symmetry study on the antomerization of cyclo-
butadiene. Comparison with UNO- and DNO-MRCC
methods

T. Saito, S. Nishihara,
Y. Kataoka,
Y.Nakanishi,

Y. Kitagawa,

T. Kawakami,

S. Yamanaka,

M. Okumura,

K. Yamaguchi

J. Phys. Chem. A114
(2010) 12116-12123

Multireference Character of 1,3-Dipolar Cycloaddition of
Ozone with Ethylene and Acrylonitrile

Y. Kitagawa, T. Saito,
Y. Nakanishi,
Y. Kataoka, T. Matsui,
T. Kawakami,
M. Okumura,
K.Yamaguchi

Int. J. Quant. Chem.110
(2010) 3053-3060

Development of Approximately Spin Projected Energy
Derivatives for Biradical Systems

T. Saito, Y. Kataoka,
Y. Nakanishi,

T. Matsui, Y. Kitagawa,
T. Kawakami,
M.Okumura,

K. Yamaguchi

Chem. Phys. 368 (2010)
1-6

Which hybrid GGA DFT is suitable for Cu,0O, systems if the
spin contamination error is removed?

T. Saito, Y. Kataika,

Y. Nakanishi,

T. Matsui, Y. Kitagawa,
T. Kawakami,

M. Okumura,

K. Yamaguchi

J. Mol. Struct. Theo-
chem, 954 (2010) 98-104

Theoretical studies of the effect of orientation of ligands and
spin contamination error on the chemical bonding in the
FeO, core in oxymyoglobin

Y. Kataoka,

Y. Kitagawa, T. Saito,
Y. Nakanishi,

T. Matsui, K. Sato,

Y. Miyazaki,

T. Kawakami,

M. Okumura, W. Mori,
K. Yamaguchi

Bull. Chem. Soc. Jpn. 83

(2010) 1481-1488

Theoretical study on the electronic configurations and nature
of chemical bonds of dirodium tetraacete complexes
[Rh2(CH;COO),(L),(L=H20, Free): Broken symmetry ap-
proach

T. Saito, M. Shoji,

H. Isobe, S. Yamanaka,
Y. Kitagawa,

S. Yamada,

T. Kawakami,

M. Okumura,

K. Yamaguchi

Int. J. Quant. Chem. 110
(2010) 2955-2981

Theory of Chemical Bonds in Metalloenzymes. XIV. Corre-
spondence between Magnetic Coupling Mode and Radical
Coupling Mechanism in Hydroxylations with Methane
Monooxygenase and Related Species

K. Yamaguchi,

M. Shoji, T. Saito,

H. Isobe, S. Nishihara,
K. Koizumi,

S. Yamada,

T. Kawakami,

Y. Kitagawa,

S. Yamanaka,

M. Okumura

Int. J. Quant. Chem. 110
(2010) 3101-3128

Theory of Chemical Bonds in Metalloenzymes. XV. Local
Singlet and Triplet Diradical Mechanisms for Radical Cou-
pling Reactions in the Oxygen Evolution Complex
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Y. Nakanishi,

T. Matsui, Y. Shigeta,
Y. Kitagawa, T. Saito,
Y. Kataoka,

T. Kawakami,

M. Okumura,

K. Yamaguchi

Int. J. Quant. Chem. 110
(2010) 2221-2230

Sequence-dependent proton-transfer reaction in stacked GC
pair I1I: the influence of proton transfer to conductivity

L AR AL EDOT L —2
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(2010) 71-77
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R. Fukuda, M. Ehara,
H. Nakatsuji,
N. Kishimoto, K. Ohno

J. Chem. Phys. 132,
084302-(1,12) (2010)

Valence lonized States of Iron Pentacrbonyl and n5-
Cyclopentadienyl Cobalt Dicarbonyl Studied by the
Symmetry-Adapted Cluster-Configuration Interaction
Calculation and Collision-Energy Resolved Penning loniza-
tion Electron Spectroscopy

N. Kishimoto,

A. Borodin, T. Horio,
M. Yamazaki,

K. Ohno

J. Physics, Conf. Sreies,
235, 012014(1-9) (2010)

Two-dimensional Penning Ionization Electron Spectroscopy
of CH;I and CH,I, by He*(23S) Metastable Atoms

S. Kudo, N. Kishimoto,
K. Ohno

J. Physics, Conf. Sreies,
235, 012012 (1-8) (2010)

Collision-energy-resolved metastable impact electron
spectroscopy to thiophene and 2,2'-bithiophene: Stereo-
dynamics in a gas phase and of adsorbed layer on Ag (110)

K. Ohno, S. Maeda

J. Mol. Cat. A Chemical
324, 133-140 (2010)

A Systematic Study on the RuHCI-BINAP Catalyzed Asym-
metric Hydrogenation Mechanism by the Global Reaction
Route Mapping Method.

T. Iwamoto,

N. Ohnishi, Z. Gui,
S. Ishida, H. Isobe,
S. Maeda, K. Ohno,
M. Kira

New. J. Chem. 34, 1637-
1645 (2010)

Synthesis and Structures of Stable Base-Free Dialkylsilanimines

S. Maeda, K. Ohno,
K. Morokuma

J. Chem. Theory
Comput. 6, 1538-1545
(2010)

Updated Branching Plane for Finding Conical Intersections
without Coupling Derivative Vectors

S. Maeda, K. Ohno,
K. Morokuma

J. Phys. Chem. Letters 1,
1841-1845 (2010)

Theoretical Study on the Photodissociation of Acetone:
Insight into the Slow Intersystem Crossing and Exploration
of Nonadiabatic Pathways to the Ground State

S. Ohno, K. Shudo,
M. Tanaka, S. Maeda,
K Ohno

J. Phys. Chem. C 114
(37), 15671-15677 (2010)

Theoretical Investigation of the Reaction Pathway of O
Atom on Si(001)-(2x1)

S. Maeda, Y. Matsuda,
S. Mizutani, A. Fujii,
K. Ohno

J. Phys. Chem. A 114,
11896-11899 (2010)

Long-Range Migration of a Water Molecule to Catalyze a
Tautomerization in Photoionization of the Hydrated
Formamide Cluster

K. Ohno, S. Maeda

Chem. Phys. Lett. 503,
322-326 (2011)

Ab initio Anharmonic Calculations of Vibrational Fre-
quencies of Benzene by Means of Efficient Construction of
Potential Energy Functions

RS 63 (2010)
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X. Chen, S Yang,
I. Ozeki, S. Motojima,
H. Sakai and M. Abe

Mater. Technol., 28
(2010) 37-44

High performance of the tactile senser elements using
spring-shaped single helix carbon microcoils grron over Fe-
Ni catalysts as a sensing materials

S. Yang, X. Chen,
1. Ozeki, S. Motojima,
H. Sakai and M Abe

Mater. Technol., 28
(2010) 161-167

The Influence of Fe contained catalysts on the growth of
single-helix carbon microcoils

T. Moyoshi,

Y. Kobayashi,

Y. Yasui, M. Sato,
K. Kakurai

Solid State Sciences 12
(2010) 656-659

Superconducting transition temperature and the thickness of
Co0, planes of Na,CoO,-yH,O

Y. Yasui, M. Sato and
1. Terasaki

J. Phys. Soc. Jpn. 80
(2011) No. 3 to be
published

Multiferroic behavior in quasi one-dimensional frustrated
spin-1/2 system PbCuSO,(OH), with CuO, ribbon chains

M. Sato, Y. Yasui,

Y. Kobayashi, K. Sato,
Y. Naito, Y. Tarui,

Y. Kawamura

Solid State Sciences 12
(2010)670-675

Relationship between magnetic structure and ferroelectricity
of systems with CuO, ribbon chains

S. Onari, H. Kontani,
M. Sato

Phys. Rev. B 81 (2010)
060504(R)

Neutron Scattering Peak Structure in both s,, and s . wave
states in Iron-pnictide Superconductor

Y. Kawamura, T. Kai,
E. Satomi, Y. Yasui,
Y.Kobayashi, M. Sato

J. Phys. Soc. Jpn. 79
(2010) No. 7 073705
(1-4)

High Temperature Multiferroic State in RBaCuFeOs (R=Y,
Lu and Tm)

E. Satomi, S. C. Lee,

J. Phys. Soc. Jpn. 79

Superconducting Transition Temperatures and Transport

Y. Kobayashi, M. Sato 8-061)0 ) No.9 094702 Properties of LaFe, ,Ru,AsOzF 1 and LaFeAsOqgo..Fo 1
Y. Kobayashi, J. Phys. Soc. Jpn. 79
E. Satomi, S. C. Lee, (2010) No. 9 "As-NMR Studies of LaFeAsO,..F, for various x values

M. Sato

093709 (1-4)

H. Kontani, M. Sato

arXiv:1005.0942

Comment on “Isoelectronic Ru substitution at Fe-site in
SmFe; Ru,AsOgssFo 15 compound and its effects on struc-
tural, superconducting and normal state properties” (arXiv:
1004.1978)

S. Tatematsu,
E. Satomi,
Y. Kobayashi, M. Sato

J. Phys. Soc. Jpn. 79
(2010) No. 12
123712 (1-4)

Magnetic ordering in V-Layers of the Superconducting Sys-
tem of Sr,VFeAsO;

T. Moyoshi, S. C. Lee,

S. Tatematsu, Y. Yasui, | Physica C 470 (2010) . I .
Y. Kobayashi, M. Sato, S470-S471 Magnetic Excitations of Superconducting LaFeAsO goFo 1
K. Kakurai
Y. Kobayashi,
S. C. Lee, Physica C 470 (2010) NMR Studies on the Superconducting Symmetry of Iron
H. Takahashi, S472-S474 Pnictide Systems
T. Moyoshi, M. Sato
M. Sato, Y. Kobayashi, . Distinct Physical Behaviors of LaFe, ,Co,AsOqsFy 11 between
S. C. Lee, Physica C 470 (2010) - P - .

. the Superconducting and Nonsuperconducting Metallic
H. Takahashi, SAT5-477 Regions of y Divided by y ~ 0.05
T. Moyoshi & Y yy=>5
M. Sato, Y. Kobayashi, Physica C 470 (2010) Studies on the Superconducting State of Na,CoO, X yH,0 —
T. Moyoshi S673-S677 Overview —
M. Sato, Y. Kobayashi, Physica C 470 (2010) :
T. Moyoshi S752-S754 On the Non-superconducting State of Na,CoO, X yH,O
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T. Yatsuhashi,

N. Mitsubayashi,

M. Itsukashi,

M. Kozaki, K. Okada,
N. Nakashima

Chem. Phys. Chem.
2011, 12 [1], 122-126

Persistence of iodines and deformation of molecular struc-
ture in highly charged diiodoacetylene: anisotropic carbon
ion emission

T. Yatsuhashi,
N. Nakashima

J. Phys. Chem. A 2010,
114 [44], 11890-11895

Dissociation and multiply charged silicon ejection in high
abundance from hexamethyldisilane

T. Yatsuhashi,
Y. Nakahagi,
H. Okamoto,
N. Nakashima

J. Phys. Chem. A 2010,
114 [39], 10475-10480

Linear responce of multiphoton reaction: three-photon
cycloreversion of anthracene biplanemer in solution by
intense femtosecond laser pulses

T. Yatsuhashi,
N. Nakashima

J. Phys. Chem. A 2010,
114 [28], 7445-7452

Formation and fragmentation of quadruply charged molec-
ular ions by intense femtosecond laser pulses

D. Nishida, E. Yamade,
T. Yatsuhashi,

M. Kusaba,

N. Nakashima

J. Phys. Chem. A 2010,
114 [18], 5648-5654

Reduction of Sm™ to Sm* by an intense femtosecond laser
pulse in solution

T. Nishino, S. Kanata,
Y. Umezawa

Chemical Communica-
tions, in press

Selective Visualization of Point Defects in Carbon Nano-
tubes at the Atomic Scale by an Electron-Donating
Molecular Tip

Y. Umezawa and
K. Sato

Chemistry an Asian
Journal, in press

One Hundred and Fifty Year History of the Department of
Chemistry

A. Kanno, T. Ozawa,
Y. Umezawa

Heterologous Gene
Expressin in E. coli —
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