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(SPRUC 2019 Young Scientist Award & #f5#Rs)
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FROM LATEST RESEARCH
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Abstract
Non-heme iron (NHFe) enzymes catalyze a wide range of reactions important in both health and technological development.

These enzymes activate dioxygen to form transient intermediates capable of performing difficult chemical reactions. Understanding

the geometric and electronic structures of these intermediates is essential in elucidating the mechanism of NHFe enzyme catalysis.

We have developed an experimental and computational approach using nuclear resonance vibrational spectroscopy (NRVS) to

define the structures of the intermediates and to evaluate the enzymatic reaction coordinates. Herein, we report our recent advances

using NRVS to understand the importance of Fe(Il)-superoxide intermediates in mononuclear NHFe enzymes, as well as the unique

ability of binuclear NHFe enzymes to react with substrates on the Fe(Il)>-.OOH level.

Introduction

Non-heme iron (NHFe) enzymes are ubiquitous in Nature
and catalyze key reactions in human health, metabolism, and
bioremediation, among many other functions. The prominent
role of these enzymes in all realms of life have made them
targets for breakthroughs in chemistry and biology. Generally,
these enzymes use one or two ferrous ions to react with
molecular oxygen in forming a substrate-reactive intermediate
and are subdivided into classes based on the types of
intermediates formed and substrates utilized (Figure 1). The
chemistry performed by these enzyme intermediates spans
broadly and includes hydrogen-atom abstraction (HAA), ring
closure and expansion, electrophilic aromatic substitution
(EAS), hydroxylation and halogenation!'!. Thus, a longstanding
goal has been to determine the geometric and electronic
structure of NHFe enzyme intermediates, and to correlate their
unique structures with chemical function. To this end, our lab
has developed a combined experimental and computational

methodology using nuclear resonance vibrational spectroscopy

(NRVS) and density functional theory (DFT). NRVS probes
the vibrational sidebands of the iron Mossbauer transition with
spectral intensity proportional to iron displacement in a
vibration; hence NRVS is site-selective for the catalytic center
and yields rich spectroscopic information relating to the iron
coordination environment. We collect NRVS spectra on
freeze-quench trapped oxygen intermediates and simulate
these data with DFT calculations to illuminate their
geometric/electronic structures and evaluate their reaction
coordinates in catalysis. This technique has led to major
findings in the mononuclear NHFe family of enzymes. Our
previous NRVS study on the alpha ketoglutarate-dependent
(aKG) enzyme syringomycin halogenase (SyrB2) defined the
high-valent Fe(IV)=0 intermediate responsible for L-threonine
halogenation®”, and provided major insight into how
orientation of the Fe(IV)=0O unit relative to the substrate
controls preferential halogenation over the thermodynamically-
favored hydroxylation reaction®*. We have also utilized

NRVS to define the low-spin hydroperoxide intermediate in
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Intermediates of mononuclear (left) and binuclear (right) non-heme enzyme subclasses. Abbreviations: aKG:

alpha-keto-glutarate dependent dioxygenase; pterin: pterin-dependent hydroxylase; BLM: bleomycin; RDO:
Rieske dioxygenase; EDO: extradiol dioxygenase; Nonredox: non-redox active enzymes; IDO: intradiol
dioxygenase. AurF: p-aminobenzoate N-oxygenase. Cmil: arylamine oxygenase of the chloramphenicol pathway;
ToMO: toluene o-xylene monooxygenase; ADO: aldehyde-deformylating oxgenase; DOHH: deoxyhypusine
hydroxylase; sSMMO: soluble methane monooxygenase; RNR: ribonucleotide reductase.

activated bleomycin (ABLM), and through DFT have shown
how the hydroperoxide is primed for the double-strand
cleavage of DNA in anticancer activity’®. We have since
applied our experimental and computational methods
developed in the SyrB2/ABLM studies to two new classes of
mononuclear as well as binuclear NHFe enzymes. In this
report, we review our progress in using NRVS to elucidate
the intermediates present in the mononuclear Rieske and
extradiol dioxygenases (RDO and EDO, respectively), as
well as in the binuclear enzyme p-aminobenzoate N-
oxygenase (AurF). We conclude by outlining future NRVS
studies of NHFe enzymes.

Methodology

NRVS data were collected at SPring-8 BLO9XU using C-
mode. Raw data were analyzed using the PHOENIX software
developed by W. Stuhrhahn®® and the online spectra.tools
adaptation by L. Geel”. The NRVS energy scales were
calibrated with [Fe™(CL)INEt®. DFT calculations were
performed using Gaussian 09 and ORCA packages installed on
an in-house cluster. DFT functionals and basis sets were chosen
from calibrated studies on well-defined model complexes; for
details, see references®'’l. Models for intermediates were
chosen fromrelated crystal structures or available EXAFS data.
Truncation schemes for the DFT models has been described!!;
briefly, amino acids are truncated at the Co. with two hydrogen

atoms, resulting in all amino acid side chains initiating with a
methyl group. For vibrational simulations, the mass of the two
substituted hydrogens was increased to 100 to prevent artificial

vibrational mixing of the methyl group into iron modes.

Results
Fe(Ill)-peroxy Intermediate in the Benzoate 2,3-Dioxygenase
Peroxide Shunt Reaction

In our previous report, our NRVS studies on Fe-peroxy
intermediates elucidated the active intermediate in the
glycopeptide anticancer drug bleomycin, a low-spin Fe(III)-
hydroperoxide responsible for DNA cleavagel'”. Insight into
the structure of this intermediate allowed evaluation of the
reaction coordinate, establishing key differences in the
reactivity of heme vs non-heme Fe(IlT)-peroxy intermediates!'].
Iron-peroxy intermediates have also been observed in the
Reiske and extradiol dioxygenase NHFe enzyme classes,
however, these intermediates are high-spin thus motivating our
NRYVS investigation of two high-spin Fe(Ill)-(hydro)peroxy
models where we defined key spectroscopic handles for
distinguishing the influence of peroxide binding mode and
protonation state!*4. During this long-term proposal period, we
have greatly enhanced our understanding of Fe(Ill)-peroxy
intermediates by assigning and characterizing the intermediate
in the peroxide shunt reaction of the Rieske dioxygenase,
benzoate 1,2-dixoygenase (BZDO).
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BZDO catalyzes the cis-dihydroxylation of benzoate and
like other RDOs is an important target for enzyme derived
bioremediation catalysts™. We have trapped and characterized,
BZDOp, the intermediate in the peroxide shunt reaction shown
to be capable of product formation. Figure 2 shows the NRVS
data of BZDOp and key controls in the assignment of its
geometric structure. All RDOs contain an iron-sulfur (Rieske)
cluster and a catalytic NHFe center. Thus to distinguish the
features arising from the Rieske center we compared NRVS on
apo-BZDO (NHFe center removed, Rieske center intact) and
BZDO (both NHFe and Rieske center intact), Figure 2 black
and red traces respectively. We further obtained high quality
H2'9180; isotope data on BZDOp observing an isotope
dependent feature (the vFe-OO(H) mode) near 500 cm’,
Figure 2 blue trace and inset. Using DFT simulations and
comparing to our high-spin Fe(Il)-(hydro)peroxy model
complex NRVS study we assigned BDZOp binding mode and
protonation state to be a side-on Fe(III)-hydroperoxy species.

With BZDOp structure defined, we extended our study to
the peroxide shunt and native O:-dependent reaction
coordinate calculations. In the peroxide shunt reaction, the

most viable pathway proceeded through heterolytic cleavage

30x10°

— ApoBZDO s — 56200p 160
—— BZDOox oy znop 180
— BZDOp (160) a i :

,/ LA

49 50 510 520
/

Energy (cm’)
20 4

PVDOS (cm)

U o I LA o e e s
0 200 400 600
Energy (cm’)

Figure 2 BZDO NRVS data on apo-BZDO, Rieske site intact,
catalytic NHFe site depleted (black trace), BZDOox,
both Rieske and NHFe site intact (red trace), BZDOp,
peroxide shunt intermediate generated with Hz2'602
(blue trace). Inset: Focus region scans with high S/N
depicting H2'802 and H:'802 isotopic dependent
feature near 500 cm-'.

of the peroxide bond to form a high valent Fe(V) intermediate
capable of cis-dihydroxylation via a large barrier consistent
with the slow experimental kinetics of the shunt reaction. In
contrast, the native Oz reaction calculations revealed an Fe(IIl)-
superoxo intermediate capable of electrophilic attack on
benzoate with a low barrier consistent with rapid Oz reactivity.
While the binding of the O; to Fe(Il) to form the Fe(IIl)-
superoxo is endergonic, this reaction is driven by the PCET
from the Rieske center. Importantly, our NRVS/DFT
methodology showed that the BZDO peroxide shunt and native
dioxygen reactions occur via different mechanisms both
capable of producing the cis-dihydroxylated product, but with
the Fe(II)-O; being far more reactivel'].

Intermediates-1 and 2 in Homoprotocatechuate 2,3-Dioxygenase
Extradiol dioxygenases catalyze the aromatic ring cleavage
of catechol derived substrates with concomitant incorporation
of dioxygen. Like the RDOs, EDOs have generated much
interest in the field of microbial bioremediation!"’. Our NRVS
studies on the EDO, homoprotocatechuate 2,3-dioxygenase
(HPCD) focused on two trappable solution phase intermediates,
Int-1 which decays to Int-2, in the reaction of the H200N-
HPCD variant with the slow nitrocatecholate substrate
(4NC)!'], The electronic structures of Int-1 and Int-2 had been
evaluated, however geometric structural Oz binding modes and
protonation states were unknown. Figure 3 shows the NRVS
data (A and D), the DFT simulations (B and E) and calculated
structures (C and F) for Int-1 and Int-2, respectively. Analysis
identified the key vibrational modes: v v-Fe-Oz, v2 8-Fe-O2, v3
O-transaxial, v4 z-translation and vs &-Fe-substrate. These
provided the geometric structures of Int-1 and Int-2 as an end-
on Fe(Ill)-superoxo-catecholate and an end-on Fe(Ill)-
hydroperoxy-semiquione species, respectively.

H200 is proposed to serve as an important second sphere
proton acceptor/donor residue in extradiol catalysis, and thus to
evaluate its role, we extended our study to DFT calculations of
the wr-HPCD-4NC characterized
intermediates!'”). Our key findings from this analysis!'* were: 1.
Fe(III)-(hydro)peroxy intermediates in both H200N and wt-
HPCD are precluded from direct attack on substrate by a
large activation barrier; 2. While H200N-HPCD-4NC Int-2,

crystallographically
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Figure 3 Top: Experimental NRVS data of Int-1 (A) with DFT spectral simulation (B) of structure (C) assigning Int-1 as a
Fe(lll)-superoxo-catecholate. Bottom: Experimental NRVS data of Int-1 (D) with DFT spectral simulation (E)
generated from the end-on Fe(lll)-hydroperoxy-semiquinone species (F). Key vibrational modes used in structural

assignment are indicated (description in the text).

the Fe(Ill)-hydroperoxo, is a dead-end species that does not
ring cleave, the presence of H200 in w-HPCD allows for
deprotonation to form an isoenergic Fe(Ill)-superoxo-
catecholate species with a 7T*inplane frontier molecular orbital
capable of direct attack on the coordinated catechol substrate
with a low barrier; 3. Finally, the presence of H200 stabilizes
the thermodynamics of Fe-alkylperoxy-bridge formation a key
step in extradiol reactivity. Future studies will focus on the
understanding the Fe-alkylperoxo-bridge intermediate in wt-
HPCD with native substrate, where NRVS data have been
collected and analysis is currently underway. This intermediate
is proposed to control extra- vs intradiol catecholate ring
cleavage and therefore is key in understanding the chemistry of
EDOs and the related intradiol dioxygenases.

Together our NRVS studies on RDO and EDO have greatly

built upon our understanding of mononuclear Fe(IID)-

(hydro)peroxy intermediates but importantly have revealed that
Fe(Ill)-superoxy intermediates are in fact the key active species
in mononuclear NHFe chemistry. The lack of reactivity of the
mononuclear Fe(Ill)-(hydro)peroxy species provides an
important contrast to binuclear systems, in which the binuclear
hydroperoxy intermediates are highly reactive as described in
our following study on AurF.

Intermediate P’ in AurF’

Binuclear non-heme iron enzymes (NH2Fe) activate
molecular oxygen to perform diverse chemistries, including
oxygenation of organic substrates and hydrogen atom
abstraction"”, The general reaction mechanism for NH2Fe
enzymes involves initial activation of O: to form peroxo
intermediate P that converts to the reactive intermediate that

directly performs the oxygenation chemistry. These reactive
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Figure 4 The NRVS spectrum of P’ obtained with (a) %02 and (b) ®02. (c) The NRVS derived structure of the P’

intermediate in AurF.

intermediates can be divided into two classes 1) high valent
intermediates formed by the four-electron activation of O and
2) the two-electron activation of molecular oxygen to form
biferric peroxy intermediates termed intermediate P’ that is
reactive. While the high-valent reactive intermediates have
received much attention, the latter class of reactive
intermediates had not been structurally characterized until our
spectroscopic investigation of AurF. Here we present our
completed analysis of its P* intermediate!!.

NRVS spectroscopy was used to characterize the P’
intermediate in AurF and its reactivity using '°0»/'%O»
perturbation, summarized in Figure 4a and 4b respectively. The
vibrational spectra for both the %02 and *0, P’ intermediate
can be divided into three regions. Region 1 consists of energies
below 180 cm and the spectra are relatively featureless, region
2 contains four features at 200, 246, 315 and 363 cm and
shows no isotope dependent features, and region 3 contains two
oxygen isotope sensitive features above 370 cm. These
features where assigned to the Fe-O stretches associated with
the O»-derived bridging ligand?,

To search for possible structures of P’, potential
intermediates were computationally generated by adding Oz to
the DFT optimized structure of biferrous AurF and their NRVS
spectra were calculated. Twenty-cight structures were

generated with various geometries of the bridging peroxo,

different protonation states of the peroxo bridge, as well as
differential coordination of a solvent water molecule. Only the
model with a u-1,2-hydroperoxo bridge was able to reproduce
the experimental NRVS spectrum, in particular, the large
splitting of the oxygen sensitive vibrations at 409 and 520 cm!
(Figure 4c). This spectroscopically defined hydroperoxy
intermediate was then evaluated for its reactivity with the p-
aminobenzoate substrate by calculating the potential energy
surface (PES) and reaction coordinate (RC), summarized in
Figure 5. The oxidation of the substrate by one-electron triggers
the rate-limiting cleavage of the O-O hydroperoxo bond and
formation of a Fe(IV)=0 poised to attack the radical substrate
amine. Homolytic cleavage of the Fe(IV)=0 m-bond induces
bond formation between the O atom of the Fe(IV)=0 and the
nitrogen atom of the oxidized substrate. The rate-limiting
transition state barrier corresponds to the single electron transfer
from the substrate into the hydroperoxo localized o* LUMO
and was calculated to be ~8 kcal/mol lower in energy than that
of a non-protonated peroxo as in P. Protonation of the peroxo
bridge increases the electron affinity by lowering the energy of
the hydroperoxo localized 6* LUMO, lowering the reaction
barrier for the single electron transfer. Correspondence between
the NRVS analysis, DFT simulations, PES and RC
calculations indicate that the y-1,2-hydroperoxy structure in
Figure 4C is an appropriate model for the P’ intermediate!'”!.

380 SPring-8/SACLA Information,”Vol.24 No.4 NOVEMBER 2019



R DFED 5

Y (OO distance/A)
N N
o N
1 1

-
o]
1

ik
(o))
1

(b)
Fe2" Fe1l™ [ Fe" Fe" 3
O—OH Q O--- -O/H
- / o
NH, NH;

{LI Ry ,L, TS1,

/ Feo' Fol Fo' Fe'
\lx / \ /
HO o) Ho o HO
! |
A D —= NH
NH, |
| Bz
Bz
TS2, Py

Figure 5 Calculated potential energy surface and reaction coordinate by the p-1,2-hydroperoxo
model NRVS informed model (a) potential energy surface (b) reaction coordinate.

Future Directions

NRVS has become an essential technique in evaluating
oxygen intermediates in the superfamily of non-heme iron
enzymes, and hence understanding the mechanisms of their
diverse chemical reactivities. In the mononuclear subfamily,
we are now expanding NRVS to intermediates of the intradiol
dioxygenases to understand the fundamental driving forces
differentiating extradiol vs. intradiol substrate cleavage. In the
binuclear subclass we are using the results of our AurF study to
inform a correlative study on the P’ intermediate in Cmll,
which shares the N-oxygenase activity of AurF while
possessing an additional bridging oxo or OH moiety. These
studies are key in understanding the high reactivity of binuclear
Fe(II)2 hydroperoxo species relative to the very low reactivity
of the mononuclear non-heme Fe(Il) hydroperoxides. We are
also applying NRVS to intermediate Q in soluble methane
monooxygenase (SMMO) to determine its geometric structure
and its unique ability to activate the inert C-H bond of methane.
These studies will continue to provide foundational insight into
the exotic chemical transformations performed by the non-

heme iron enzyme superfamily.
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Abstract
Using ¥Fe nuclear resonant vibrational spectroscopy (NRVS), we have characterized “Fe-labeled proteins such as [FeFe]
hydrogenase ([FeFe] Haase), [NiFe] hydrogenase ([NiFe] Hzase), and nitrogenase (Nzase). Following the successful NRVS observation
of the Ni-H-Fe mode in the Ni-R form of [NiFe] Hzase, we worked to extend this observation to the more difficult Ni-C species. We
also continued studies of the [FeFe] Haase from different organisms: Chlamydomonas reinhardtii (Cr-HydAlI) and Desulfovibrio
desulfuricans [FeFe] Haase (Dd-HydAB). Fe-hydride and Fe-deuteride vibrational modes in [FeFe] Hoase were observed and interpreted
by DFT calculations. We also observed the importance of the interaction of the amine ligand of the azadithiolate (ADT) bridge by

comparing wild-type enzyme tesults with spectra for enzyme substituted with *CD2-ADT. Model compounds have played an

important role in interpreting these spectra, and papers were published on compounds with bridging hydrides or deuterides.

Background and Purpose

Hbases catalyze the reversible reaction of 2H" + 2e = Hol'l,
while Noases catalyze the fixation of molecular nitrogen (N2) in
the atmosphere into bio-available NHs™*!. Since today’s world
faces multiple pressures from the demands for sustainable
energy and food resources, Hoases and Nzases have both
attracted a lot of attention and have been intensively studied for
decades. Although crystal structures are available for all of
these enzymes (Figure 1), many key enzyme intermediates
cannot be crystallized. We are therefore using spectroscopy as
an alternative probe of these key intermediates, with the
overarching goal of understanding the catalytic mechanisms of

these systems.

Nuclear resonant vibrational spectroscopy (NRVS) measures
vibrational transitions that occur together with nuclear transitions
that are typically associated with the Mossbauer effect®]. For the
study of Fe in biology, ’Fe NRVS has key features that
complement traditional techniques such as infrared (IR) and
Raman spectroscopies. Despite the complexity of these samples,
5TFe NRVS only sees normal modes that involve motion of the
37Fe nucleus. Since the NRVS intensity is proportional to this
37Fe motion, the NRVS spectrum is easy to calculate from a
normal mode analysis of a candidate structure. The technique has
moderate sensitivity, and at the moment can be used to study
frozen protein samples at ~mM concentrations™ !, Over the past
decade, this technique has been used to study the lower frequency
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Figure 1 Top: Structures of the catalytic centers. Left to right: typical [FeFe] Hease and the associated proton transfer chain;
closeup of the active site H cluster; [NiFe] center inside a typical [NiFe] Hoase. Bottom: Proposed catalytic cycles. Left:
[FeFe] Hease, with key Hhya intermediate. Right: [NiFe] Hease, cycling between Ni-C, NiSla, and Ni-R.

modes of a wide variety of Fe complexes and proteins' "',
More recently, we have extended NRVS studies to more
difficult Fe-H related vibrational features in several Hase
enzymes as will be detailed later in this article!.

Our NRVS measurements were performed at SPring-8
BLO9XU!, which uses a high heat load monochromator to
produce 144 keV radiation with~1.0eV resolution, followed by
a Ge(422) x 2Si(975) high energy resolution monochromator
(HRM) to narrow the resolution to ~0.8 meV, with a final flux
of ~2.5 x 10° photons/s. Some NRVS data were also measured
at SPring-8 BL19LXU. The NRVS measurements used a 2 x
2 avalanche photodiode (APD) detector array to collect the
nuclear fluorescence and the internal conversion Fe Ka
fluorescence following *'Fe nuclear excitation. The typical
background count rates for this array is ~0.03 cts s A closed-
cycle liquid helium flow cryostat was used to maintain the
samples at cryogenic temperatures (~50 K). During the NRVS
measurements, the scans were often divided into segments with
different data collection times at a given energy. These
acquisition times ranged from 1-3 s in the Fe-S region to as

much as 30 s per point for weak Fe-H modes. The energy scale

was always calibrated with respect to a standard sample of
[¥FeCls][NEW], which has a prominent peak at 380 cnmr'. NRVS
data were converted to an 3’Fe partial vibrational density of state
(PVDOS) using the PHOENIX software package!”.

Results
[FeFe] Hoases

Our collaborators in Mulheim have an established protocol
for reconstitution of the apo-enzyme with synthetic mimics for
the binuclear cluster. Using [*'Fe2(odt)(CN)2(CO)4]* prepared
in the Rauchfuss lab (odt = oxadithiolate), they successfully
replaced the amine at the bridge of the active site of Cr-HydAl
with an oxygen to form the ODT variant (Figure 2). This
approach allowed us for the specific >’Fe labeling of the [2Fe]n
subsites, while leaving other irons unlabeled. We then prepared
a transient intermediate (known as the Hiya state)!'], and we
observed Fe-H bending modes at ~670 and ~730 cm! (Figure
2). The Fe-H assignment was observed by D exchange, which
moved one band to ~625 cm! while the other feature became
buried in the Fe-CO/CN region. This work was published in J.
Am. Chem. SocI'".
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Figure 2 Left: DFT predictions for the active site Hhyd local structure for (top) the wild-type enzyme and (bottom)
the C169S variant. Right: 57Fe PVDOS for various types CrHydA1 [FeFe] Hease. Top to bottom: wild-
type enzyme with ADT replaced by ODT; wild-type enzyme; C169S variant. Spectra are for Ho/HO
(—) and D2/D=0 (—) conditions. Inset: structure and inhibition mechanism of the ODT variant.

We were also able to observe the Hiya intermediate in 3’Fe-
labeled wild type Cr-HydAl and Dd-HydAB with the natural
ADT at the active site. We inspected the Hiya forms of both of
these enzymes and found the Fe-H bands now shifted to ~675
and ~745 cmr! (Figure 2). DFT calculations reproduced these
shifts as a consequence of the presence of a proton on the ADT
nitrogen. This work was also published inJ. Am. Chem. Soc'¥.

Finally, we turned to the C169S mutant of Cr-HydA1 where
the Huya species was originally observed (Figure 2). The Huyd
species for this variant yielded bands at ~673 and ~772 cm’!
(Figure 2). The latter banded is shifted by ~45 - 50 cm from
the original observation on the ODT variant. DFT calculations

were used to explain this shift in terms of variations in bond

strengths and distanced along the serine-ADT-H-Fe network
(Figure 2). This was published in Angew. Chem. Int. Ed."”,

[NiFe] Hxases

The local crystal structure for the [NiFe] center is shown in
Figure 1. This enzyme has two species that have bridging
hydrides between the Ni and Fe (Figure 3 - left). Previously, we
were successful observing the Ni-H-Fe wag mode, as described
article in Nature Comm. in 20151, (Figure 3 - right). Since
then, we have been engaged in trying to see the same mode for
Ni-C Hzase. This has turned out to be much more difficult. DFT
calculations have shown that there is less Fe motion for the wag

mode in this species. Work continues.
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Figure 3 Left: proposed structures for Ni-R and Ni-C forms of [NiFe] Hease. Right: NRVS for Ni-R and Ni-C
forms. Inset: expanded Ni-H-Fe region for Ni-R Hzase.
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Top right pair: a complex with two bridging hydrides from the Holland lab, and associated complex NRVSE1L. Lower left:
an [FesTe4] cluster from Apfel lab and associated NRVS from Fe and Te points of view (Te data from PETRA-III)22,
Lower right: a bridging hydride from Chang lab and associated NRVS&.,

Model Compounds

Interpretation of enzyme NRVS has been aided by model
compound spectra. Structures of complexes and their NRVS
are shown in Figure 4. All of this work has been published or
submitted*2?,

Summary

Over this long-term proposal (2017A0141-2018B0141) at
SPring-8 BLO9XU, and in combination with some work from
BL19LXU, we have obtained fruitful NRVS results for many
important enzymes. In this article, we illustrated how NRVS
can probe Fe-H/D modes that are hard to see by other
techniques. SPring-8 remains the best synchrotron light source

in the world for these experiments.
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NRVS of mononuclear and binuclear non-
A heme iron enzyme intermediates and related

model complexes
FPFEE (%) | Solomon Edward (Stanford University)
PRRRRNERYS  [2017A0137
E—L7A4 Y BLO9XU
AT Bty 7 b |2017A~2018B,93 > 7 b

Bt

This program was conducted as a renewal of the long-term
project performed previously in 2013B - 2016A. The
applicant defined the goal of the research project as to
understand the geometric and electronic structure of
mononuclear and binuclear non-heme irons in enzymes. The
applicant is working with general interests on the enzymes
but also focuses on the interaction of oxygens with the irons,
which is quite informative to understand its biologically
important roles in human health, catalysis and
bioremediation, and so on.

During the period of the program, the applicant and his

PISNTE NGO RIS v 5 —
FIFHHEETR

colleagues have established and polished the powerful
combination of NRVS and DFT, and routinely collected
high-quality NRVS spectra to determine and analyze
accurate structures of the metal centers. In particular, they
revealed the reaction intermediates of an extradiol
dioxygenase, homoprotocatechuate 2,3-deoxygenase using a
freeze trap method. Furthermore, its NRVS structure can
correct the relevant crystal structure determined previously.
These results have expanded the experimental applicability
and reliability of NRVS for iron proteins, and led to 7 articles
published in major journals.

As described above, the committee concluded that this

long-term project was successfully conducted.

[ARY X K]

(et &)

[ 1] SPring-8 publication ID = 37162
K. Sutherlin et al. “NRVS Studies of the Peroxide
Shunt Intermediate in a Rieske Dioxygenase and Its
Relation to the Native Fe' Oz Reaction” Journal of the
American Chemical Society 140 (2018) 5544-5559.

[ 2] SPring-8 publication ID = 37163
K. Sutherlin et al.: “Nuclear Resonance Vibrational
Spectroscopy Definition of O: Intermediates in an
Extradiol Dioxygenase: Correlation to Crystallography
and Reactivity” Journal of the American Chemical
Society 140 (2018) 16495-16513.

— 2 -

Application & Development of Nuclear|
Resonance Vibrational Spectroscopy (NRVS)

AL and Synchrotron Mdssbauer Spectroscopy of]
Iron-Hydrogen Interactions in Hydrogenases,|
Nitrogenases, and Model Complexes
Stephen Cramer (University of California,

S () | v

Davis)
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FRFERERS  |2017A0141
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Bt

The principal investigator focused on the investigation of
the chemistry of hydrogen combined with metals, especially
the nature of Fe-H bonds in enzymes which are important for
the future energy and environment issues. In order to analyze
the active site structures of the enzymes with organometallic
transition metals, he introduced the NRVS (Nuclear
Resonance Vibrational Spectroscopy) technique with the
DFT calculations.

Although it is regrettable that technical developments to
reduce measurement time were not carried out extensively,
the committee recognizes the scientific achievements and
appreciates that the PI published many high-impact original

and review papers, and delivered several invited talks.
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(et &)

[ 1] SPring-8 publication ID = 37054
E. Reijerse ez al.: “Direct Observation of an Iron-Bound
Terminal Hydride in [FeFe]-Hydrogenase by Nuclear
Resonance Vibrational Spectroscopy” Journal of the
American Chemical Society 139 (2017) 4306-4309.

[ 2] SPring-8 publication ID = 37058
V. Pelmenschikov et al.: “Reaction Coordinate Leading
to H2 Production in [FeFe]-Hydrogenase Identified by
Nuclear Resonance Vibrational Spectroscopy and
Density Functional Theory” Journal of the American
Chemical Society 139 (2017) 16894-16902.

[ 3] SPring-8 publication ID = 37071
M. Carlson et al.: “Sterically Stabilized Terminal
Hydride of a Diiron Dithiolate” Inorganic Chemistry 57
(2018) 1988-2001.

[4 ] SPring-8 publication ID = 37072
L. Gee et al.: “NRVS for Fe in Biology: Experiment
and Basic Interpretation” Methods in Enzymology 599
(2018) 409-425.

[ 51 SPring-8 publication ID = 37073

C. Pham et al.: “Terminal Hydride Species in [FeFe]-
Hydrogenases Are Vibrationally Coupled to the Active
Site Environment” Angewandte Chemie International
Edition 57 (2018) 10605-10609.

[ 6] SPring-8 publication ID = 37074
V. Pelmenschikov et al: “High-Frequency Fe-H
Vibrations in a Bridging Hydride Complex Characterized
by NRVS and DFT” Angewandte Chemiie International
Edition 57 (2018) 9367-9371.
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FRIEFHAE DRXAERFERE (2019 £ 9 A 30 HE#H)

SPring-8

Beamline Name Pugilii:ctere ~2009| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Total
BLO1B1 |XAFS 1997.10| 357 58 76 65 74 92 75 86 93 71 42| 1089
Technical Journal 1 1
BLO2B1 [Single Crystal Structure Analysis 1997.10| 121 19 12 18 36 42 36 43 38 28 31 424
BLO2B2  |Powder Diffraction 1999.9| 438 67 82 59 96 71 81 95 78 72 51| 1190
BLo4g] |Hioh Temperature and High Pressure | 1997 10| 153| 21| 22| 16| 20| 19| 16| 16| 15| 14| 14| 326
BLO4B2 |High Energy X-ray Diffraction 1999.9| 166 28 23 28 28 33 37 43 30 40 25| 481
Technical Journal 1 1
BLO8W  [High Energy Inelastic Scattering 1997.10| 116 12 20 19 15 13 19 15 16 14 8 267
BLO9XU  [Nuclear Resonant Scattering 1997.10| 101 9 13 13 15 15 18 16 19 27 11 257
BL10XU [High Pressure Research 1997.10| 260 35 32 28 21 30 29 30 28 19 13| 525
BL13XU |[Surface and Interface Structure 2001.9| 121 18 27 6 16 21 24 36 27 31 22 349
BL14B2 |Engineering Science Research Il 2007.9 18 25 32 36 53 53 61 52 58 63 49| 500
Technical Journal 1 1 1 1 4
BL19B2 |Engineering Science Research | 2001.11| 125 18 35 53 59 63 65 64 66 54 47| 649
Technical Journal 1 1 1 2 2 1 8
§ BL20B2 |Medical and Imaging | 1999.9| 165 17 24 35 28 25 35 26 28 28 22| 433
£ [BL20XU |Medical and Imaging I 2001.9] 102] 36| 27| 21| 40| 44| 43| 37| 32| 29| 28] 439
% BL25SU  [Soft X-ray Spectroscopy of Solid 1998.4 | 261 21 25 22 24 31 20 19 25 20 15| 483
§ Technical Journal 2 2
2 |BL27SU  |Soft X-ray Photochemistry 1998.5| 258 24 31 18 41 35 25 36 27 22 10 527
BL28B2 |White Beam X-ray Diffraction 1999.9 86 9 15 10 21 18 21 19 25 17 9| 250
BL35XU [High Resolution Inelastic Scattering | 2001.9 66 9 12 8 14 13 16 15 15 14 7 189
BL37XU |Trace Element Analysis 2002.11 74 22 23 13 32 28 35 29 29 24 12 321
Technical Journal 1 1
BL38B1 |Structural Biology Il 2000.10| 281 48 48 60 59 48 65 60 37 29 20| 755
BL39XU [Magnetic Materials 1997.10| 158 15 19 21 20 25 19 24 30 20 11 362
BL40B2 |Structural Biology I 1999.9 | 292 44 42 43 70 54 55 59 53 55 52| 819
Technical Journal 1 1 2
BL40XU |High Flux 2000. 4 78 11 13 18 37 21 32 41 30 32 32| 345
BL4T1XU |[Structural Biology | 1997.10| 524 66 66 53 65 55 60 67 55 44 28| 1083
BL43IR  |Infrared Materials Science 2000. 4 63 6 8 11 9 11 17 15 23 10 14 187
BL46XU |Engineering Science Research Il 2000.11 80 20 22 15 38 28 56 51 49 44 38| 441
Technical Journal 1 1 2
BL47XU |HXPES - MCT 1997.10| 200 27 31 17 36 36 31 29 36 29 20 492
Technical Journal 1 1
BLO5XU [RIKEN Diagnosis Beamline | 2017.4 1 2 3
BLT1XU [QST Quantum Dynamics | 1999.3 13 13
BL14B1 [QST Quantum Dynamics Il 1998. 4 41 3 2 1 1 48
" BL15XU |WEBRAM 2002.9 31 1 1 1 1 35
£ [BLITsU | Ghacly Somerent Soft Xy 20059 7| 1| 7| 8| 11| 12| 5| 2| 3 s 7| e6
g BL19LXU |RIKEN SR Physics 2002.9 5 1 1 2 5 6 1 21
E BL22XU |JAEA Actinide Science | 2004.9 5 1 6
§ BL23SU |JAEA Actinide Science Il 1998.6 44 2 2 3 2 53
; BL26B1 [RIKEN Structural Genomics | 2009. 4 3 8 2 9 6 14 15 20 15 92
f_j BL26B2 |RIKEN Structural Genomics Il 2009. 4 1 5 3 5 7 10 8 9 4 52
§ Technical Journal 1 1
BL29XU [RIKEN Coherent X-ray Optics 2002.9 13 1 1 2 2 3 22
BL32XU |RIKEN Targeted Proteins 2010.10 5 5 8 9 16 8 13 14 7 85
BL44B2 |RIKEN Materials Science 1998.5 14 6 5 2 2 29
BL45XU  [RIKEN Structural Biology | 1997.10 76 8 9 6 7 9 13 20 10 5 11 174
Subtotal 4913| 701| 807| 740|1002| 974| 1040|1087 |1023| 915| 680|13882
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Beamline Name Pugilii:ctere ~2009| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Total
BLO3XU |Advanced Softmaterials | 2009.11 1 5 8 24 21 14 17 20 9 15 134
Technical Journal 35 42 39 36 33 31 28 244
BLO7LSU | ghe University of Tokyo Qutstation | 5009.11 11 5| e 10| 13| 12| 19| 19| 15/ 17| 117
Technical Journal 1 1
BLO8B2 [Hyogo Prefecture BM | 2005.9 1 1 3 7 9 5 5 9 2 4 46
Technical Journal 7 1 18 7 4 4 1 1 43
BL11XU [QST Quantum Dynamics | 67 9 6 13 16 14 8 20 20 13 12 198
BL12B2 [NSRRC BM 2001.9| 103 28 13 25 22 21 28 31 32 32 17| 352
BL12XU |NSRRC ID 2003.2 31 15 10 14 11 18 19 18 25 16 9 186
BL14B1 [QST Quantum Dynamics |l 93 18 16 11 10 15 19 17 23 20 16| 258
BL15XU |WEBRAM 2001 4| 113 35 51 41 61 57 48 63 56 48 34| 607
8 [L16B2 |Sunbeam BM 1999.9| 37| 8] 6] 4] 3] 6] 4] 10| 9 5| 8] 100
% Technical Journal 2 18 15 14 8 15 21 15 9 17
@ [BL16XU |Sunbeam ID 19099 32| 6] 2| 2| 2| 3] 4] n| o o 8| ss
§ Technical Journal 20 19 14 14 21 18 12 6 124
é BL22XU [JAEA Actinide Science | 46 15 10 10 14 19 15 14 15 25 14 197
BL23SU [JAEA Actinide Science Il 138 15 22 20 17 28 19 25 16 22 17| 339
BL24XU |Hyogo Prefecture ID 1998.10| 126 5 6 7 8 5 4 5 5 6 1 178
Technical Journal 11 3 10 3 1 4 32
BL28XU |RISING II 2012.4 3 9 5 5 5 4 6 37
BL3TLEP (Laser-Electron Photon Il 2013.10 1 3 2 6
BL32B2 |Pharmaceutical Industry ~ (2002. 9 - 2012. 3) 22 2 3 1 28
BL33LEP (Laser-Electron Photon 2000.10 35 8 4 4 4 2 2 3 2 68
BL33XU |[Toyota 2009.5 3 5 2 8 4 10 16 6 8 62
Technical Journal 2 5 4 5 3 4 1 24
BL3exy | Catatic Reaction Dynamics for | 53 1\ 7| e 7| 12| 14| 6| 53
BL44XU [Macromolecular Assemblies 2000.2 | 174 21 49 59 59 50 64 54 60 43 32| 665
Subtotal 1017| 188| 212| 232| 274| 308| 281| 336| 356| 291| 224| 3719
BL17SU |Coherent Soft X-ray Spectroscopy 51 12 10 14 3 8 5 8 5 116
BL19LXU |SR Physics 70 7 9 11 12 13 9 5 6 1 1 144
@ |BL26B1  |Structural Genomics | 136 15 7 8 7 4 5 4 4 1 191
% BL26B2 |Structural Genomics Il 51 19 18 19 13 4 3 7 10 2 2 148
é BL29XU [Coherent X-ray Optics 140 16 8 16 15 9 10 14 9 8 3| 248
Llé BL32XU |Targeted Proteins 2 9 8 8 7 13 3 1 55
& |BL43LXU |Quantum NanoDynamics 1 1 1 3
BL44B2 |Materials Science 192 10 13 13 19 16 20 16 17 14 2] 332
BL45XU  [Structural Biology | 173 8 9 9 11 9 13 13 8 2 255
Subtotal 813 87 76 99 89 71 73 81 63 31 9( 1492
SACLA
o g Beamline Name Pugili(]:ctere ~2009( 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | Total
§§ BLI  |SXFEL 2016.3 7 8
BL2/BL3 |XFEL2/XFEL1 2012.3 1 13 28 37 47 42 33 25| 226
| Hardware / Software R &D | 4a11] 39] 37| 6| 67] 12| 33] 43] 2] 42| 17] 809|
NET Sum Total 6117 886| 961| 930|1201| 1100|1191 | 1272| 1238| 1039 | 78416719
Technical Journal 2 2 89 80 97 68 74 71 54 14 551

BHTEDRNHRS | THra DO, BEtE DD TOY—T « ViR, SPring-8/SACLA FIFZsisE
Technical Journal : JASRI h%887E U b2 D\ FRRE =

NET Sum Total : SRENCESRENTVBH (FRICRRU TWRWRERUNCEI S 233 e 20)

BRE—LZ1Y BL MSOEEISBRIMUSIENTNOE—LT( Y THIV MU
DT SGRCHEREEFT—IN—2R (http;//user.spring8.orjp/?p=748&Iang=ja) Ic 2019 £ 9 B 30 BEF TICBHINcT—7ICEDWTH D, SEEFIND

TIREEN' B D E T
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SPring-8
Beamline Name P“gi'ifcgse ngzgerid Proceedings Pul()jlitcg?c%ns Total

BLO1B1 |XAFS 1997.10 1090 66 88 1244
BLO2B1 |[Single Crystal Structure Analysis 1997.10 424 14 31 469
BLO2B2 |Powder Diffraction 1999.9 1190 41 83 1314
BLO4B1 |High Temperature and High Pressure| 1997 1 326 7 48 381
BLO4B2 [High Energy X-ray Diffraction 1999.9 482 13 55 550
BLO8W  [High Energy Inelastic Scattering 1997.10 267 10 47 324
BLO9XU  [Nuclear Resonant Scattering 1997.10 257 15 33 305
BL10XU [High Pressure Research 1997.10 525 22 61 608
BL13XU |Surface and Interface Structure 2001.9 349 19 36 404
BL14B2 |Engineering Science Research Il 2007.9 504 10 35 549
BL19B2 |Engineering Science Research | 2001.11 657 45 0 792
é BL20B2 |Medical and Imaging | 1999.9 433 88 88 609
% BL20XU |Medical and Imaging Il 2001.9 439 104 121 664
% BL25SU  [Soft X-ray Spectroscopy of Solid 1998. 4 485 15 61 561

>
O |BL27SU |Soft X-ray Photochemistry 1998.5 527 21 38 586
BL28B2 |White Beam X-ray Diffraction 1999.9 250 16 23 289
BL35XU [High Resolution Inelastic Scattering | 2001.9 189 5 13 207
BL37XU |Trace Element Analysis 2002.11 322 24 45 391
BL38B1 |Structural Biology Il 2000.10 755 11 65 831
BL39XU [Magnetic Materials 1997.10 362 17 79 458
BL40B2 |Structural Biology I 1999.9 821 13 116 950
BL40XU |High Flux 2000. 4 345 21 69 435
BL41XU |[Structural Biology | 1997.10 1083 4 97 1184
BL43IR  |Infrared Materials Science 2000. 4 187 14 60 261
BL46XU  |Engineering Science Research Il 2000.11 443 18 35 496
BL47XU |HXPES - MCT 1997.10 493 93 123 709
BLO5XU  [RIKEN Diagnosis Beamiline | 2017.4 3 3
BLT1XU [QST Quantum Dynamics | 1999.3 13 2 2 17
BL14B1 [QST Quantum Dynamics |l 1998. 4 48 1 11 60
BL15XU |WEBRAM 2002.9 35 19 7 61
é BLITSU |Shectiamaanen SOft Xcray 2005.9 66 1 29 96
g BL19LXU |RIKEN SR Physics 2002.9 21 3 24
g BL22XU [JAEA Actinide Science | 2004.9 6 6
f BL23SU |JAEA Actinide Science Il 1998.6 53 4 15 72
% BL26B1 [RIKEN Structural Genomics | 2009. 4 92 8 100
g BL26B2 |RIKEN Structural Genomics Il 2009. 4 53 10 63
BL29XU [RIKEN Coherent X-ray Optics 2002.9 22 1 23
BL32XU [RIKEN Targeted Proteins 2010.10 85 4 89
BL44B2 |RIKEN Materials Science 1998.5 29 3 32
BL45XU  [RIKEN Structural Biology | 1997.10 174 5 19 198
Subtotal 13905 758 1752 16415
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Beamline Name P“gi'ifcgse ngzree;ssd Proceedings Pul()jlitcg?cigns Total
BLO3XU |Advanced Softmaterials 2009.11 378 14 392
oo e o™ | z000 e 127
BLO8B2 [Hyogo Prefecture BM 2005.9 89 89
BL11XU [QST Quantum Dynamics | 198 8 36 242
BL12B2 |NSRRC BM 2001.9 352 1 2 355
BL12XU |NSRRC ID 2003.2 186 7 5 198
BL14B1 [QST Quantum Dynamics |l 258 12 69 339
BL15XU |WEBRAM 2001 4 607 14 53 674
é BL16B2 [Sunbeam BM 1999.9 217 12 69 298
&E?i BL16XU [Sunbeam ID 1999.9 212 8 53 273
§ [BL22XU |JAEA Actinide Science | 197 4 42 243
§ BL23SU [JAEA Actinide Science Il 339 44 108 491
BL24XU |Hyogo Prefecture ID 1998.10 210 19 61 290
BL28XU |RISING II 2012.4 37 37
BL3TLEP (Laser-Electron Photon Il 2013.10 6 6
BL32B2 |Pharmaceutical Industry ~ (2002. 9 - 2012. 3) 28 31
BL33LEP (Laser-Electron Photon 2000.10 68 23 94
BL33XU |Toyota 2009.5 86 5 26 117
BL36XU Ejé?[éteih: Reaction Dynamics for 2013.1 53 3 56
BL44XU [Macromolecular Assemblies 2000.2 665 43 708
Subtotal 4304 157 599 5060
BL17SU  [Coherent Soft X-ray Spectroscopy 116 4 13 133
BLT9LXU [SR Physics 144 8 27 179
., |BL26B1 [Structural Genomics | 191 2 19 212
% BL26B2 |Structural Genomics Il 148 1 13 162
§ BL29XU [Coherent X-ray Optics 248 14 37 299
”E BL32XU |Targeted Proteins 55 3 58
* BL43LXU [Quantum NanoDynamics 3 3
BL44B2 |Materials Science 332 2 16 350
BL45XU  [Structural Biology | 255 5 45 305
Subtotal 1492 36 173 1701
SACLA
g Beamline Name PukS)iILcCLere ngzree;ssd Proceedings Pul()jlitcg?cigns Total

%E BL1 SXFEL 2016.3 8 8
BL2/BL3 [XFEL2/XFELI1 2012.3 226 4 14 244

| Hardware / Software R & D 809 ‘ 516 ‘ 464 | 1789 |

| NET Sum Total 17270 | 1316 | 2315 | 20001 |

Refereed Papers : Eoh D DFERY. oA D DTOY—7 1 V7 EFHRY. SPring-8/SACLA FIFFIZRARE. ARIIRES
Proceedings : E5vLOTOY—7 127"

Other Publications : FFFAM AR T, 2O DICU TEESRWED (&t BITA E. Zofhe U BRI Nzb D)
NET Sum Total : EENCERZN TV (RRICRRL TWBWSERUNCE T 2302 E8D)

BHE—LZ1Y BL HSORERNSBBHEHITNTNDE—LTI Y ThIY MUl
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B SPring-8 £ U < (& SACLA WS HERINIAERY X

PISNTE NGO RIS v 5 —
FIFHHEETR

SPring-8 ¥ L < & SACLA 1B\ > THENE X N7 I ENEE DR AT X 128541 JASRI DA ESRT— ¥
NR—2TBGR L T2 2T TED ., ZONEIZLLUTFD URL (SPring-8 iilT — % R— AR R—) T
MRt E7,

http:/Awww.spring8.or.jp/ja/science/publication_database/

DT =8 R—=RIEGR SN FERXOW, 2019 4 7 H~9 HIZEERI N2 b DZR UMM L £, #
DR (FFHH, B FBITHE, =2, A4 b)) WA, T8 XR—ADERES WIFAREEFRS) 2H8HL <
WETOT, Tl ERIER R — Y OBERAGRMN T B\ 72K 2 ENTCE T, F 9 S A AEO I G
BHRET, E—L 74 v, FHREAES) bIEEL T, BEES IR0 4 7D Tyear) . RD 1 XXFH

Ttermy . 5D 4 35S Tproposal no.; %> THWETDOT, ZOMHELSTFD URL TAELTWS, &
DY R E (SPring-8 User Experiment Report) ##EL T\ 727K T ENTEET,

http:/Awww.spring8.or.jp/ja/news_publications/publications/user_exp_report/

S5 S FHZEERICIIFITHD 2 7 Ao H ARG C, Bitaio DS I -z L Tl 7
ETYT, BB, T—IR—ZARBHEFHIN T ETOT, i3 SPring-8 i X7 — ¥ R— AR -
MERL 728\, ek, ERETEDHICIZ, BEEDBAELEINE L 508 L2723 X ) BV L
IR

SPring-8 IIFESRE KT —F N—2X(C 2019 5 7 A~9 AICESFRS NIcHROMEES Nc TEMET & 1I8EERE

B = B =

Scientific Reports 13 Journal of Synchtoron Radiation 6
Japanese Journal of Applied Physics 11 Scientific Reports 6
Inorganic Chemistry 9 ACS Catalysis 5
Angewandte Chemie International Edition 8 Dalton Transactions 5
Physical Review B 8 Journal of Alloys and Compounds 5
Journal of the American Chemical Society 7 Macromolecules 5
Chemistry of Materials 6 Physical Chemistry Chemical Physics 5
Electrochemistry 6

ftse 182 36 &t 331
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CER) VI —TEBE U TRESNTWSEERUC OWTIL ZFDHH I — T BBORDERDEEDRR TH 2I5ATH, AREEE B> TWAEE
BEDHEFRUTWEY, JIL—TFEEROE—LT1 Y OEENEENDIEE. REEENEROE— LT Y TElES NI L SICRRSNTWET,

FEOHRE LU TERINIET
Scientific Reports
MRHRES FEE HESIER B E—LF1Y EREEE Y1 ML
2015A1325 | BL20XU |Donnelley Martin
2015B1109 | BL20XU |Donnelley Martin
38281 Mark 9(2019) 2016A1472 | BL20XU |Donnelley Martin| Particle Coating Alters Mucociliary Transit in Excised Rat
Gardner 10983 2016B1345 | BL20XU |Donnelley Martin| Trachea: A Synchrotron X-ray Imaging Study
2016B1502 | BL20XU Morgan Kaye
201881315 | BL20XU |Donnelley Martin
Vitsuh 92019 201688004 BL3 KA Sea
38364 Ycﬁ:minrja ] 1( 41 ) 2017A8024 BL3 KA SR Fine Microstructure Formation in Steel under Ultrafast Heating
201788013 BL3 KA Sea
38367 Takayuki 8(2018) 2017A1040 | BL0O2B2 SFR Thermal Efficiency of a Thermocell Made of Prussian Blue
Shibata 14784 2017A1649 | BLO2B2 f&E BX | Analogues
2012A1094 | BLO2B2 SFR
Wataru 8(2018) 2013A1649 | BL02B2 PR G L
Themal E; Layered N
38371 | Kobayashi | 3988 2014A1056 | BLO2B2 AV fit emal Expansion in Layered Na:MOz
201581077 | BLO2B2 SFR
Gaku 9 (2019) sE 3D Multiscale-Imaging of Processing-Induced Defects Formed
38376 Okuma 11595 2018A1633 | BL20XU AR during Sintering of Hierarchical Powder Packings
2016A41 BL12B2 hang Chia-Chi .
seaes | Shano 8(2018) 28 12 or 22 o CC:;ETS; Yalc? Mechanochemical Synthesis of SiCusSibased Composite as
i Negative Electrode Materials for Lithium lon Batte
Chieh Hou 12695 2016A4125 BL12B2 |Chang ChiaChin egative Electro aterials for Li ry
38589 Akihiko 9 (2019) 2015A3602 | BL14B1 Z5#E B2 | Hexagonal Close-Packed Iron Hydride behind the Conventional
Machida 12290 2016B3651 BL14B1 e B2 Phase Diagram
Jonghyeon 8(2018) Hwang Kwang | Structural Analysis of an Epitope Candidate of Triosephosphate
38602 Son 15075 201686664 | BL44XU Yeon Isomerase in Opisthorchis viverrini
1681237 | BL45X iz ; ) - !
38612 Keita 9(2019) ;8 1$B 1 g 0 BLﬁXS 'g';i ii Ultrasonication-Based Rapid Ampilification of a-synuclein
T A . . .
Kakuda 6001 2018A1118 BLASXU 'g S Aggregates in Cerebrospinal Fluid
JT
201587402 | BLO7LSU EI§ IBa
2016A7402 | BLO7LSU EI§ IBa
Keishi 9 (2019 2016B7402 | BLO7LSU EI§ IB8 | Microscopic Photoelectron Analysis of Single Crystaliine LiCoOx
38692 AE:d; ] ?f o, ) 2017A7402 | BLO7LSU | E2IB B4 | Particles during the Charge-Discharge in an All Solid-State
2017B7402 | BLO7LSU FlE 1F8 | Lithium lon Battery
2018A7563 | BLO7LSU PR =58
2018A7567 | BLO7LSU HHEF 255
2015A6527 | BL44XU 5 RN
201586527 | BL44XU 5 RN
2016A6627 BL44XU N .
38713 Keisuke 9(2019) 28 1282227 BLA2XU iz ;;:\ Crystal Structures of Multtidrug Efflux Pump MexB Bound with
i High-Molecular-M o
Sakurai 4359 201726731 BLA4XU B igh-Molecular-Mass Compounds
201786731 | BL44XU 5 RN
2018A6830 | BL44XU 5 RN
Yunbing 7 (2017) Jiang Selection for Oil Content During Soybean Domestication
36742 Zong 43595 2014A1270 | BL29XU Huaidong Revealed by X-Ray Tomography of Ancient Beans
2014A6924 | BL44XU A Fot
201486924 | BL44XU A Fot
2015A6521 | BL44XU A Fot
15B6521 BL44X E . . -
38769 Yasumitsu 9(2019) ;8 12822 20 BL 44X3 Egi 2 Fragment-Based Discovery of the First Nonpeptidyl Inhibitor of
2. . .
13587 S46 Family Peptidase
Sakamoto | 1358 2017A6721 | BLAAXU | Bk 3ok | o yrep
201786721 | BL44XU A Fot
2018A6818 | BL44XU A Fot
201886818 | BL44XU A Fot
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Japanese Journal of Applied Physics

MRHRRES == HESIER B E—L71Y | FERETE T4 L
2014A4600 | BL15XU REH B3A
8007 Takahiro 58 (2019) 201384603 | BL15XU RH &34 Photoelectron Spectroscopic Study on Electronic State and
Nagata 080903 2015A4601 | BL15XU RH &34 Electrical Properties of SnO2 Single Crystals
2016A4602 | BL15XU REH B3A
Yuichi 58 (2019) NN Relation between Os Cluster Shape and Vibrational Spectrain
38359 | Aahama | 095502 201581384 | BLIOXU | RE#— | 7 -phase of Solid Oxygen
38361 Yuya 58 (2019) 2017A1040 | BL0O2B2 PR G Configuration Entropy Effect on Temperature Coefficient of
Fukuzumi 065501 2018A1125 BLO2B2 TR & Redox Potential of P2-NaxCoO2
38386 Takahiro 58 (2019) 2017A3833 | BL23SU ESR Fal | Controlled Oxide Interlayer for Improving Reliability of SiO~/GaN
Yamada SCCD26 2017B3833 BL23SU EES FH MOS Devices
Mikito 58 (2019) 2017A3833 | BI2SSU /Ei :'?? Comparative Study on Thermal Robustness of GaN and
38387 | Nozaki SCCDo8 201783633 | BI2SSU BH FF | pGaNiGaN MOS Devices with Thin Oxide Interlayers
2018A3833 BL23SU EES FH
Takashi 58 (2019) Development of Eu?+ and Mn2+ Co-activated Silicate Phosphor
38446 Kunimoto SFFDO03 2018A1781 BL14B2 B 5= for Plant Cultivation Light Source
38449 Masashi 58 (2019) 2017A1152 | BL47XU B4 8888 | Synthesis of Heavily Ga-doped Si-«Sn»/Si Heterostructures and
Kurosawa SAADO2 2017B1353 | BL47XU A f13Zx | Their Valence-Band-Offset Determination
38455 Yasuhiro 58 (2019) 2017B3607 | BL14B1 XH TR Short- and Middle-Range Order Structures of KNbOs
Yoneda SLLAO3 201881127 | BL04B2 KH %% | Nanocrystals
38473 | Hao Yuwen 58 (2019) 2019A1101 | BL02B2 %8 BN | Enhanced Superconductivity by Na Doping in SnAs-Based
083001 201881246 | BL02B2 %k B | Layered Compound Nat.xSnz.xAsz
. 58 (2019, . Selective Growth of a-FexOs, 7 -FexOsz and FesO4 at Low
38531 Daisuke Kan 09é504 ) 201881780 BL19B2 kedl Temperatures and under Ambient Pressure
2019A3761 | BL22XU | KAlH =
o [ | oo | ooty [ g g | St e ey
Ohwada SLLAOS 2018A3761 | BL22XU | KA #H— Imaging of BaTiOs Nano-Crystals
2017B3761 | BL22XU | AA0M =

Inorganic Chemistry

Lila Bouéssel | 57 (2018) 2011B1565 BLO4B2 Bychkov Experimental and Theoretical Insights into the Structure of

38224 Du Bourg 2517-2528 Evgeny Tellurium Chloride Glasses

2016B4504 | BL15XU A —BY ' ! ! )
57 (2018) 2017A4503 | BL15XU Bk Alexei High-Pressure Synthesis, Crystal Structure, and Semimetallic

7601-7 - Properties of HgPb
601-7609 2017B4502 | BL15XU R EE ropertes of HgPbOs

38263 Jie Chen

y —— — - < Dinucl
Feng-Chun | 53 (2014) 201384255 | BL12XU Hsu | Jui Insight into the Reactivity and Electronic Structure of Dinuclear

38280 Lo 10881-10892 Dinitrosyl Iron Complexes

201884502 | BL15XU Belik Alexei | Valence Variations by B-Site Doping in A-Site Columnar-

38321 Alexei Belik gi é;?;sg()) | 2017B4502 | BL15XU A EFE | Ordered Quadruple Perovskites SmeMnMn(MnaxTix)Orz with 1
2017A4503 | BL15XU Belk Alexei | S x=3
| 58(2019) 2017B1172 | BL02B2 =E i . .
S le Perovskite NaW!
38360 Yuya lkeuchi 6790-6795 2016A1043 BLO2B2 Bl Rattling Behavior in a Simple Perovskite NaWOs

Kazushige 58 (2019) Site-Selective Doping and Site-Sensitive Photoluminescence of

38408 Ueda 10890-10897 201781576 BL14B2 B A% Eu?+ and Tb3* in Perovskite-Type LaLuOs
2010A1287 | BLO2B2 EH 5
2010B1279 | BLO2B2 EH 5
2011B1703 | BLO2B2 EH 5
58 (2019) 2012B1770 | BL02B2 HH ‘% Why Do Carbonate Anions have Extremely High Stability in the
38411 Ryo Sasai 10906-10035 201381677 | BL02B2 i FE | Interlayer Space of Layered Double Hydroxides? Case Study of
2014A1684 | BL02B2 NE H— Layered Double Hydroxide Consisting of Mg and Al (Mg/Al = 2)

2017A1483 | BL02B2 B =t
2017B1196 | BL0O2B2 B =t

2018A1004 | BLO2B2 EH 5
2013B1183 BLO1B1 =1
Tsunetomo | 58 (2019) ﬁi . Formation of an Intermediate Valence Icosahedral Quasicrystal
38469 |\ e 9181-9186 2013A3701 | BL22XU HHE B inthe Au-SreYb Svstemn
2014A3701 | BL22XU RE & 4
Takashi 58 (2019) Bpytrisalen/Bpytrisaloph: A Triangular Platform That Spatially
38679 Nakamura 7863-7872 2014A0078 BLO2B Iversen Bo Arranges Different Multiple Labile Coordination Sites
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Naoki 58 (2019) T The First Study on the Reactivity of Water Vapor in Metal-
36210 Ogiwara 11731-11736 2018A1753 BL14B2 R B Organic Frameworks with Platinum Nanocrystals
58 (2019 Significant Difference in Semiconducting Properties of Isomeric
38317 | Yang Wang " £§93- ) 1) 002 2018B1001 | BL40B2 AR 252 | All-Acceptor Polymers Synthesized via Direct Arylation
Polycondensation
) ) 58 (2019) ChenHao- NisN as an Active Hydrogen Oxidation Reaction Catalyst in
38433 Weiyan Ni 74457449 2018B4269 | BL12XU Ming Alkaline Medium
38466 Masazumi | 57 (2018) 2016B1410 | BLO1B1 28 E£— | Transformation of Sugars into Chiral Polyols over a
Tamura 8058-8062 2016A1352 | BLO1B1 B8 £ Heterogeneous Catalyst
Taisuke 58 (2019) N Retarded Solid-State Rotations of an Oval-Shaped Guest in a
38552 | \tatsuno 1217012174 201881053 | BL38B B AR | betomed Cylinder with CH-7 Arrays
Ki 7 (2018 Concerted Bimetallic Nanocluster Synthesis and Encapsulation
38500 ITS;“"‘VU : 2 4554?64;8 2015A0115 | BLO4B2 BHE | viaInduced Zeolte Framework Demetallation for Shape and
: Substrate Selective Heterogeneous Catalysis
Zigiang 57 (2018) A 3D Organically Synthesized Porous Carbon Material for
38595 | -0 11950-11956 2015A0115 | BL04B2 R Lithium-lon Batterios
2019A1110 | BL4OXU MH k&
2019A1670 | BL02B1 Y R
201881091 | BLO2B1 MH k&
201881092 | BL40XU MH k&
201881674 | BL0O2B1 P R
2018A1104 | BLO2B1 AH & "
Object Transportation System Mimicking the Cilia of
==
38704 Eycr)\ fg 3%21 19;3 12 ;81?21 fgi gtﬂiﬂ QE ﬁﬁz\; Paramecium aurelia Making Use of the Light-Controllable
ishimura ) A= Crystal Bending Behavior of a Photochromic Diarylethene
2017B1159 | BL4OXU MH RE
2017A1084 | BL4OXU MH k&
2017A1120 | BL4OXU MH k&
2015B1215 | BL40B2 MH k&
2015A1240 | BL40B2 MH RE
2014B1213 | BL40B2 MH k&
Physical Review B
Sho 100 (2019 201583881 | BL23SU B = Electronic Structure of the High-7c Feromagnetic
38248 S va 3 2( 04 ) = Semiconductor (Ga,Fe)Sbh: X-ray Magnetic Circular Dichroism
akamoto 035 2016A3831 BL23SU BER = and Resonance Photoemission Spectroscopy Studies
agpso | kuto 100 (2019) 2018A3811 | BL23SU B ff— | Electronic States of EuCuzGez and EuCu2Siz Studied by Soft X-
Kawasaki 035111 201883811 | BL23SU BER ff— | ray Photoemission Spectroscopy
38083 Masahiro 100 (2019) 2016A7601 | BL28XU AR E/\ | First-Principles Calculations of the Atomic Structure and
Mori 035128 2016B7607 | BL28XU YA ZE—HEF | Electronic States of LixFeFs
’ 100 (2019) — Ordering of Hidden Multtipoles in Spin-Orbit Entangled 5d' Ta
38306 | H.Ishikawa 045142 2017A3552 | BL11XU aHF BF Chiorides
Dezhong 99 (2019) - . Superconductivity of the Hydrogen-Rich Metal Hydride
38445 Meng 024508 2018A0149 | BL10XU TEK TEEk LisMoHy; under High Pressure
2017A1323 | BLioLxy | ' acclne
Giancarlo
Panaccione
Tommaso 100 (2019) 2018A1278 | BL19LXU Giancarlo Transient Quantum Isolation and Critical Behavior in the
38448 Pincelli 045118 2016A1289 | BL19LXU Panaccione | Magnetization Dynamics of Half-Metallic Manganites
Giancarlo
201581162 | BLioLxy | @ accione
Giancarlo
17A7: BLO7L hE K L o )
38685 Yuichi 100 (2019) ;8 1787282 BL87L23 :E; ig Photoinduced Valence Dynamics in EuNi2(Sio21Geoo)2 Studied
Yokoyama 115123 201887578 | BLO7LSU :IZE ﬁ%i% via Time-Resolved X-ray Absorption Spectroscopy
Manabu 100 (2019) . - Magnetic Circular Dichroism in Hard X-ray Raman Scattering as
i .
36715 Takahashi 094435 201684252 | BL12XU ik a Probe of Local Spin Polarization
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2014B7900 | BL36XU AR 8B ! - . .
Ishihara 18150-18159 2016B7900 BL36XU AR 8BY the Oxygen [IJ:{e duction Reaction '
2017A7900 | BL36XU AR 8B 9
2017A1347 | BLO1B1 KA SRl Evaluation of the Electronic and Local Structure of Mn in Proton-
Masatsugu 123 (2019) = . . . )
38368 Oishi 16084-16045 2017B1437 BLO1B1 KA Efd Conducting Oxide, Ca(Zr,Mn)Ozs-s, To Elucidate a Direct
2016B1143 | BLO1Bf i =E] Hydrogen Dissolution Reaction
Yosuke 123 (2019) 201881732 | BL14B2 FRER S Mechanism of Formation of Highly Dispersed Metallic
38483 Nakai 20817-20828 Ruthenium Perticles on Ceria Support by Heating and
& 2014B1248 | BLO1B1 BaAY A0 Reduction
2014A1702 | BL14B2 R B—
2014A1820 | BL14B2 R B—
2014B1797 | BL14B2 R B—
Ra 123 (2019) 2014B1945 | BL14B2 R &= DFT Mechanistic Study on the Complete Oxidation of Ethylene
38574 i yaz aki 1270612715 2015A1856 BL14B2 R B- by the Silica-Supported Pt Catalyst: C=C Activation via the
y 2015A1993 BL14B2 R EB8— Ethylene Dioxide Intermediate
201581788 | BL14B2 R B—
2016A1690 | BL14B2 R B—
2016A1791 | BL14B2 R B—
Tadashi 121 (2017) Comparative Study on the I.I)lffe.r.ent Interagtlon Pathways.
38594 Umeda 2430424334 2015A0115 BL04B2 BRI between Amorphous Aluminosilicate Species and Organic
Structure-Directing Agents Yielding Different Zeolite Phases
38605 Soichi 123 (2019) 2017B1739 | BLO1B1 Bl Isolated Platinum Atoms in Ni/ v -AlOs for Selective
Kikkawa 23446-23454 2018A1682 | BLO1B1 = B— Hydrogenation of COz toward CH4
2016A7821 | BL36XU WH M o
= Pt-Co/C Cathode Catalyst Degradation in a Polymer Electrolyte
201687821 | BL36XU EEZN ! i -
Yuanyuan 123 (2019) =0 Fuel Cell Investigated by an Infographic Approach Combining
38764 Tan 18844-18853 2017A7620 | BL36XU It R Three-Dimensional Spectroimaging and Unsupervised
2017A7821 | BL36XU EEZN Learning P 9ng P
2018A7820 | BL36XU EEZN
121 (2017) Synergistic Effect of Hydrogenation and Thiocyanate
38767 T.T.Wang 0681-9690 2016A4134 | BL12B2 LinYan-Gu | Treatments on Ag-Loaded TiO2 Nanoparticles for Solar-to-
Hydrogen Conversion
Journal of the American Chemical Society
201881594 | BL14B2 B b
2016A1549 | BL14B2 Bt b
2018A1690 | BL14B2 =iE X ' " !
Inami 1254112544 | 2017A1700 | BL14B2 | #iMH fE P \ om y
p—— 127 -Electron Nonaromatic Benzothiepines
2016B1766 | BL14B2 =t B
2016A1680 | BL14B2 HUE
201581770 | BL14B2 2 K
ChenHao- Identification of Stabilizing High-Valent Active Sites by
2018A4130 BL12B2 . . .
38428 Sung-Fu 140 (2018) Ming Operando High-Energy Resolution Fluorescence-Detected X-
Hung 17263-17270 2018A4254 | BL12XU Cher.\ Hao- ray. Ab.sorptlon Spectroscopy for High-Efficiency Water
Ming Oxidation
- 141 (2019) ChenHao- Breaking Long-Range Order in Iridium Oxide by Alkali lon for
368430 | Jigjan Gao | 451 qon 201884254 | BL12XU Ming Efficient Water Oxidation
Yu 140 (2018) " Structural and Computational Bases for Dramatic Skeletal
38558 Nakashima | 9743-9750 201782723 | BL41XU PSR HEE Rearrangement in Anditomin Biosynthesis
141 (2019) Porous Molecular Conductor: Electrochemical Fabrication of
38608 | Liyuan Qu 2015A0074 | BLO2B2 | #x&E FHEF | Through-Space Conduction Pathways among Linear
6802-6806 o
Coordination Polymers
38678 YaoKai 141 (2019) 2017A2576 | BL32XU AlFT & | Human DNA Polymerase 1 Can Use a Noncanonical
Chang 8489-8502 2018A2514 | BL32XU AT EfE Mechanism for Muttiple Mn2+-Mediated Functions
2017A1364 | BLO2B1 %Rk R i ! .
oo |Tum | veg oot | o1 | g s | Sreronon e et o
Nekanishi | 1438414393 | 2018A1213 | BLO2B1 te# A appng
S an Fe(ll) Complex
201881259 | BLO2B1 Rk R
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38043 Tomoya 31(2019) 2018A1584 | BL19B2 [ = Molecular Orientation Change in Naphthalene Diimide Thin
Nakamura 1729-1737 201881617 | BL46XU [ 1E== Films Induced by Removal of Thermally Cleavable Substituents
38305 Takayuki 31(2019) 2018B1713 | BL02B2 K B2 | Weak Ferroelectricity in n=2 Pseudo Ruddlesden-Popper-
Nagai 6257-6261 2018A1653 | BLO2BA1 A AR Type Niobate LizSrNb207
Eriko 31 (2019) - Redox-Driven Spin Transition in a Layered Battery Cathode
38402 |\ be | 23582365 2015B7500 | BLO7LSU | KA{F 2 Material
Telahi 31 (2019) 2018A1642 | BL02B2 Eﬁ? ¥ | Melting of dxy Orbital Ordering Accompanied by Suppreggion. of
38442 Ogata 1352-1358 2017A1388 | BL02B2 JEH s | Giant Tetragonal Distortion and Insulator-to-Metal Transition in
2018A1636 | BL02B2 PR [E | Cr-Substituted PbVOs
2017A1242 | BLO9XU IS
2017A1388 | BL02B2 B H
2017B3751 | BL22XU HIH %
2017B1721 | BL47XU AR [
2018A1642 | BLO2B2 B &% . ! i
38706 | YukiSakai i;gi:f;s 2018A3751 | BL2oXU | HIH 2 ?ﬁf;:ogfs;ar:smﬁie; fév‘ss'xgﬁ‘y’gz rgsigst?ésNega""e
2018A1667 | BLO9XU AR [
201883751 | BL22XU HIH %
201881797 | BL19B2 IS
2018B1672 | BL47XU Bl B¥
201881860 | BL19B2 AR [
31 (2019) 2018B1222 | BL02B2 BRI Pronounced Negative Thermal Expansion in Lead-Free
38711 Zhao Pan 61876192 201881860 | BL19B2 AR [E | BiCoOs-Based Ferroelectrics Triggered by the Stabilized
2019A1045 BLO2B2 Pan Zhao Perovskite Structure
Electrochemistry
) (2019) Online L ) ) ) -
38237 g:i‘t’:'sa gg:)gcation 8Juy | 2017B1205 | BLOIBY | T3 B ﬁtj/l:'(";g"g: ZLS:I'S gs;?:g” Behavior for Monocinic
) | 87 2019) 2017A7103 | BL33XU B9 HOE Direct Observation of lon Concgntration Distribution on All-Solid-
38279 Koji Kandori 182187 State Rechargeable Battery Using operando X-ray
2017B7103 | BL33XU Eh WE Radiography and Silver-lon Conductor
2016B1606 BL14B2 KREA A Sublayered Structures of Hydrated Nafion® Thin Film Formed by
Teppei 87 (2019 N, Casting on Pt Substrate Analyzed by X-ray Absorption
38469 KaSVZmoto 27(§-275 ) 2017A1785 BL1482 R #a Spectroscopy under Ambient Conditions and Neutron Reflectometry
2019A1768 | BL14B2 AB 8 | at Temperature of 80°C and Refaiive Humidity of 30-80%
2016A1509 | BL19B2 HFE R
38481 Yasushi 87 (2019) 2016B1859 BL19B2 HFEX R Synthesis, Crystal Structure and Electrode Properties of Spinel-
Idemoto 220-228 2016A1510 | BL14B2 HFE B | Type MgCozMn,O4
2016B1852 | BL14B2 HFE R
Naoto 87 (2019) 2017A1578 | BL19B2 HFE B Partial Substitution Effect on I.Elect.ricgl C.onductivity, Crystal
38707 Kitamura 5069 2017B1807 | BL19B2 HFER R Structure, and Electron Density Distribution of LaBaGaOa-
201681859 | BL19B2 HFA B | Based Protonic Conductor
2016B1859 | BL19B2 HFE B Synthesis, Electrochemical Properties and Changes of Crystal
38708 Yasushi 87 (2019) 2016A1510 | BL14B2 FHFA R | and Electronic Structures in Charge/Discharge Process of
Idemoto 281-288 2016B1852 | BL14B2 HFAK R | Spinel Type Cathode-Materials Mg(MgosV15xNix)Os (x=0, 0.1,
2017A1573 BL14B2 HFER R 0.2, 0.3) for Magnesium Secondary Batteries
ACS Catalysis
9(2019) ChenHao- Dynamic Evolution of Atomically Dispersed Cu Species for CO2
38432 Lan Yuan 4824-4833 201884135 BL1282 Ming Photoreduction to Solar Fuels
Nian-Tzu 9(2019) ChenHao- Morphology Manipulation of Copper Nanocrystals and Product
38434 Suen 5217-5222 201884137 | BL12B2 Ming Selectivity in the Electrocatalytic Reduction of Carbon Dioxide
9 (2019) 2016B1410 | BLO1B1 =E =—
38465 Ji Cao 3795.3729 2016A1352 BLO1B1 B8 £ Direct Synthesis of Unsaturated Sugars from Methyl Glycosides
201881805 | BL14B2 E2 =
Takayuki 7 (2017) Encapsulation of Molybdenum Carbide Nanoclusters inside
38593 ) 2015A0115 BL04B2 BRI 8 Zeolite Micropores Enables Synergistic Bifunctional Catalysis for
lida 8147-8151 . .
Anisole Hydrodeoxygenation
201481832 | BL14B2 PN .
s | [om  [omime [ ourise | x| 000U w0 oot cetie
Fujita 8364-8372 2015B1781 | BL14B2 RIEk _
02 Activation Process
201581883 | BL14B2 Al F5
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Hiroki 48 2019) 2017A1040 | BLO2B2 R & The Effect of 3d-Electron Configuration Entropy on the
38363 \waizumi 1964-1968 e Temperature Coefficient of Redox Potential in Cor.2VIn;
2018A1125 | BL02B2 PR Prussian Blue Analogues
Tomohiro 48 (2019) o The Formation of a 1,4-disilabenzene and its Isomerization into
38385 | gugahara | 9053-9056 201681716 | BLO2B BIR SWE | Disiabenzvalene Derivative
2018A1 BLO2B1 i B i L
38407 Toshio Naito 48 (2019) 018A1653 0; ‘:F‘:t E i A Molecu!ar Crystal with an Unprecedentedly Long-Lived
12858-12866 2017B1733 | BL02B1 SEEE BN Photoexcited State
Kentarou 48 2019) 2017B7821 | BL36XU RSN Enhanced Oxygen Reduction Reaction Performance of Size-
38409 Ichihashi 7130-7137 N Controlled Pt Nanoparticled on Polypyrrole-Functionalized
2016A7822 | BL36XU H M | Carbon Nanotubes
HongrJie 43 (2014) . Possple Intermedlatgs of Cu(phen)-C.atalyze'ad Q—O Cross-
38771 2014A4254 | BL12XU Hsu I Jui Coupling of Phenol with an Aryl Bromide by in situ ESI-MS and
Chen 11410-11417 .
EPR Studies
Journal of Alloys and Compounds
. .| 804(2019) . Ny ) . .
38218 Keniji Yoshii 364360 2014A3608 | BL14B1 =H BE Dielectric and Magnetocaloric Study of TmCrOs
2016B1024 | BLO2B2 BE H
Taisuke 790 (2019) ff% ;:' Role of Ga on the High Coercivity of Nd-fich Ga-doped Nd-Fe-B
38316 | o i 750-759 2015A1007 | BL46XU BE A Sintered Magnet
2017A1010 | BL46XU BE A 9
Nikolai G. 793 (2019) Barium-Induced Effects on Structure and Properties of -
1 2016B4504 BL15X R — .
38318 Dorbakov 56-64 0168450 XU Wis —At Cas(PO4)2-type CasBi(VO4)7
o 793 (2019) ; .| Crystal Structure and Magnetic Properties of A-Site-Ordered
38319 Alexei Belik 4048 2018B4502 | BL15XU Belik Alexei Quadruple Perovskite CeCusCriOrz
EvgeniyaS. | 787 (2019) ; | Crystal Structure, Dielectric, and Optical Properties of 3-
38322 Zhukovskaya | 1301-1309 2017A4503 | BL15XU Belk Alexel Calcium Orthophosphates Heavily Doped with Ytterbium
Macromolecules
2016A1018 | BL19B2 =R OZ
2016B1034 | BL19B2 =R OZ
2016A1031 | BL20XU =R OZ
38001 Hitoshi 52 (2019) 2016B1035 | BL20XU =R 2 Nanocomposite Elastomers Composed of Silica Nanoparticles
Shimamoto | 5963-5970 2017A1028 | BL19B2 =R Z Grafted with a Comb-Shaped Copolymer Brush
2017A1029 | BL20XU =R OZ
2017B1016 | BL19B2 =R OZ
2017B1025 | BL20XU =R OZ
201781409 BLAOB2 (R 43A Micellization .a.nd Phase Separation in Aqueous Solutions of
52 (2019) Thermosensitive Block Copolymer
38562 | ChenKuang | 4a15 4519 Poly(isopropylactylamide)- b-poly(N-vinyl-2-pyrrolidone) upon
2018B1155 | BL40B2 ik 1554 vA Visopropyiacty poy ikl P
Heating
Teti 52 (2019) Dehydration, Micellization, and Phase Separation of
38563 | @ { 201781409 | BL40B2 | &8 143A | Themosensitve Polyoxazoline Star Block Copolymers in
Sezonenko | 935-944 )
Aqueous Solution
Experimental Determination of the Geometrical Relation
" ; 52 (2019) s o between Monomer and Polymer Species of 2,5-
38564 Kohji Tashiro 2189-2202 2018A1410 BLO2B1 S F— Distyrylpyrazine Single Crystal in the Topotactic Photoinduced
Polymerization Reaction
Wat 52 (2019 2016A1078 | BL40B2 =5 BE Bicontinuous Double-Diamond Structures Formed in Temary
38662 Tai:"i’ - efs 66;0 2016B1073 | BL4OB2 | 8% 5% | Blends of AB Diblock Copolymers with Block Chains of Different
9 2018A1474 | BL40B2 =8 & | Lengths
ACS Applied Materials & Interfaces
Mesoporous TiO2 Embedded with a Uniform Distribution of
) 9(2017) ChenHao- - . '
38421 Yu-Te Liao 2016A4129 BL12B2 ) CuO Exhibit Enhanced Charge Separation and Photocatalytic
42425-42429 Ming .
Efficiency
38476 Ming-Jay 11 (2019) 2018A4143 | BL12B2 | Deng Ming-Jay | 3D Network V205 Electrodes in a Gel Electrolyte for High-
Deng 29838-29848 2019A4253 | BL12XU | DengMing-Jay | Voltage Wearable Symmetric Pseudocapacitors
Damian 11 2019) 2017B7612 | BL28XU MR g | Activation of Catalytically Active Edge-Sharing Domains in
38498 . CazFeCoOs for Oxygen Evolution Reaction in Highly Alkaline
Kowalski 28823-28829 2018A7612 | BL28XU | R 88 | Media
Shu-Jui 11 (2019) | GdFeosNio20s: A Multiferroic Material for Low-Power Spintronic
38560 Chang 31562-31572 2018A1048 | BL25SU | Chang Shu-lui Devices with High Storage Capacity
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. . 112(2018) " Application of Windowless Energy Dispersive Spectroscopy to
36282 | Huwenlin | \7o50g 201684503 | BLISXU | LI JR | b e L Distribution in Li-Si Alloys
Kimihiko 107 (2015) 2012B1575 | BL46XU BA s8A8 | Oxygen and Germanium Migration at Low Temperature
38452 Kato 102102 . Influenced by the Thermodynamic Nature of the Materials Used
200980026 | BL46XU S in Germanium Metal-Insulator-Semiconductor Structures
L 2012B1575 | BL46XU BAE $ERA Understanding of Interface Structures and Reaction
38453 Sh!geh|sa 108 (2013) — Mechanisms Induced by Ge or GeO Diffusion in Al20s/Ge
Shibayama | 082114 2000B0026 | BL46XU | U #— | Stucture
Shengkun 108 (2016) Jiang Equally Sloped X-ray Microtomography of Living Insects with
744 2014A127 BL29X
38 Yao 123702 0 0 XU Huaidong Low Radiation Dose and Improved Resolution Capability
Chemical Communications
2018A1167 | BL4OXU i B
2018A1405 | BL40XU B 54
Koh 57 (2019) ',K N A Stable Bis(methylene)- A 4-selane with a >C=Se=C< Bond
36236 | gugamata | 8254-8257 201881084 | BLAOXU | 7% & Containing Se(V)
9 2018B1275 | BLAOXU | ®o@ B 9
2019A1057 | BL02B1 i B
2017B1351 | BL40B2 1 F08R
38378 | JiHaleo 55 (2019) 2017A1414 | BL40B2 15+ #IBF | Tuning of the Aggregation Number of Platonic Micelles with a
1303-1305 201681481 BL40B2 1 FIEA Binary Mixture of Calix[4]arene Surfactants
2016A1242 | BL40B2 1 FO8R
2017B1302 | BL4OXU LT BEF
2017A1248 | BL40B2 LT BEF
38474 Ryohei 55 (2019) 2017A1305 | BL40B2 HiIEH XK | Photo-Responsive Dimension-Controlled lon-Paiting
Yamakado | 10269-10272 2018A1436 | BL40B2 RO K | Assemblies Based on Anion Complexes of 7-electric Syetems
2018A1437 | BL40B2 FH ByE
2018A1679 | BL40B2 E HE
. 53 (2017) 2016A1610 | BL38B1 =5 #th . )
38730 Silvia Bracco T776-7779 201681746 BL38B1 W B CO:2 Regulates Molecular Rotor Dynamics in Porous Materials
Journal of Power Sources
Suppressive Effect of Fe Cations in Mg(MnixFex)204 Positive
3gory | Jondhvun | 435(2019) 201781077 | BLO2B2 | ILF %t | Electrodes on Oxidative Electrolyte Decomposition for Mg
Han 226822 .
Rechargeable Batteries
Naoto 437 (2019) Study of Atomic Ordering across the Layer in Lithium-Rich
38260 ) 2015A1544 | BL04B2 HFA BB | Layered Posttive Electrode Materials towards Preparation
Kitamura 226905 L
Process Optimization
38413 Shao-Chu 435 (2019) 201784138 BL12B2 Chen Han-Yi V.ar.madlum-based Polyoxometalate as Electron/lon Sponge for
Huang 226702 Lithium-lon Storage
Vasutaka 435,2019) 2017A7032 | BL33XU RH BRE | Improving Water Management in Fuel Cells through
38731 Nagai 226800 2017B7032 | BL33XU £ BE | Microporous Layer Modifications: Fast Operando Tomographic
9 2018A7032 | BL33XU R B85 | Imaging of Liquid Water
Physical Chemistry Chemical Physics
2014B7475 | BLO7LSU | Hig A&
saasq | DeiSUke 21 (2019) 2015A7483 | BLO7LSU EA8 A% | Mn2p Resonant X-ray Emission Clarifies the Redox Reaction
Asakura 18363-18369 201587495 | BLO7LSU A K8 | and Charge-Transfer Effects in LiMnOs
2016A7511 | BLO7LSU | Hig A&
Kazumasa 21 (2019) Identification of Active Sites in CO Oxidation over a Pd/AlOs
38561 | \1ote 1812818137 2018A1756 | BL14B2 N fE Catalyst
. Zeolites with Isolated-Framework and Oligomeric-
T ki 20 (201
3gsgp | KAy 0 (2018) 2015A0115 | BLO4B2 WA= # | Extraframework Hafnium Species Characterized with Pair
lida 7914-7919 . . .
Distribution Function Analysis
Hongxin 20 (2018) 201683302 | BLOSB2 % &= L-edge Sum Rule AnalyS|§ on 3d Transition Met.al Sites: from
38637 d10to d° and towards Application to Extremely Dilute Metallo-
Wang 8166-8176 2017A3302 | BLO8B2 =&

Enzymes
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Novel Blended Catalysts Consisting of a TiO2 Photocatalyst and
2017A1477 BLO1B1
38219 Akanksha 8(2018) Wi 78 an Alz0Os Supported Pd-Au Bimetallic Catalyst for Direct
Tyagi 24021-24028 2016A1170 BLOBH Lk 18 Dehydrogenative Cross-Coupling between Arenes and
Tetrahydrofuran
201584907 | BL15XU VPR SERD
2017A4501 | BL15XU iRH &5
2017B4503 | BL15XU iRH &5
2014B1210 BL0O4B2 |Kumara Rosantha The Relationshio bet Crvstaline Disorder and Electroni
38377 Okkyun Seo 9(2019) 201581245 | BLOAB2 il Strl(jctl(jr;l grlfd IZanoW:ir;Iesryasnz I?Eeirlsl-;.)yrdror zr; StoerC r‘;”'c
2131121317 2016B1033 | BLO1B1 iRH &5 Propertios P 9 &
2017A1320 | BLO4B2 iRH &5 P
2017B1019 | BL04B2 iRH &5
2017B1368 | BL04B2 iRH &5
2018A1351 | BL04B2 iRH &5
38405 | Yui Mahara 7 (2017) 2016A1662 | BLO1B1 BIR 8 | Methane Combustion over Pd/CoALO«/Al20s Catalysts
: 34530-34537 201581482 | BLO1B1 Kl Bt Prepared by Galvanic Deposition
38697 Masafumi 9(2019) 2015A1261 | BL0O4B2 JRH %5 | Reverse Monte Carlo Modeling for Local Structures of Noble
Harada 29511-29521 2016A1093 BL04B2 R e Metal Nanoparticles Using High-energy XRD and EXAFS
IUCrJ
Thomas P 6(2019) Catalytically Important Damage-Free Structures of a Copper
38254 ' 2017B8028 BL2 S8 HHRX | Nitrite Reductase Obtained by Femtosecond X-ray Laser and
Halsted 761-772
Room-Temperature Neutron Crystallography
Structure-Based Mechanism of Action of a Viral Poly(ADP-
38601 Woo-Chang | 5(2018) 2017B6770 | BL44XU Hwang Kwang ribose) Polymerase 1-Interacting Protein Facilitating Virus
Chung 866-879 Yeon -
Replication
Shengkun 5(2018) Jiang Three-dimensional Ultrastructural Imaging Reveals the
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AU, HET—ZIIEECZLET,

F 7o, BEREABNED S A IS ORI F]
FRE0REZEN L £ ToC, A2 B3
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6. ZDfth

(1) BT 2 7L AY Y —2

[1] & >3 7 Eidiid: & HE T 7 — 2T 5 1200
AT by B
(http://www.spring8.or.jp/ja/news_publications/
press_release/2019/190207/)

2] & v 7 EUINE D -0 D A BT — & WL 7 1
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press_release/2018/180510/)
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(O3 - BEHEEE

1. IFL®IC

BT - 8L 2 v— 7%, 20184E4 HX D, [HF]
FHRFZARMEEREY Rsddt: 11 2V — 7 L i 1 2
N—TDF ) REEYEF — 205 1 D122 3B THE
L7z, 2019 4F 4 Ah 6%, [HFIHFZHSER 2395
DAUTHEL S N[Ol - HGEUABEER D 7V — 7L LT

EHIL Wb, KL —713 2 DDF — L TRER S 1,

SPring-8 OFHHTH =l X Mt L ¥ —X
fa oL @B o e RIS T/ S
DR TG IEE % O IE RGO % i
T BERIE - RIS E F — 2 & Il X v
B TRETDYA F 27 AT 201582
T 2 BRI F — A THEIR S T B, 28,
PN —TDNBRERICOWTIEHR — L= % S
W E W

AHTIE, HF— LS T IE—L 54 Tl
FEhti L 72 mERg b & BN T %,

2. BRI - FRHEE T — LA
{EXG - JERIIREE T — 213, BLO4B2 (Hx )L
¥ —X #RInldr) . BLISXU (FM S A EAAT) |

B4 - BEL I 7 IL—TF

PISNTE NGO R v 5 —
TR I e 2 v 5 —

9T - HhLEE=
K Wk

BL28B2 (Fita X #0lT) o 3 ADE—LF7 4 v %2T
ICHRE L, TSRS, SEREE ORI, BT
L WHEBRFEOMFRFE S 217> TV 5,

BLO4B2 (3,37.7.61.4,113.1 keV DL )L ¥ —
X #it% Ao 7-28E0E, IMaseELE, ¥4 vey
F7 et (DAC) ZFIH L 7 EHE T OB X it
EFHIED TR — L T4V TH B, mOFIHIS
WEBGELHIE 1, 23 E T 0 ZonEE A A% 7
BUEEE (K1 A) THEL CQoniazd, o
B% (pair distribution function; PDF) f##7% 4 % 7=
DT —FREIC 2~3 2T L TW7z, RErEl
EDZ—RITIHGA BITIE I DS AT LTI HIE R
DIRHE 2 DT, 2017 FFLITKIAIE 2 KT T
& % PerkinElmer #8007 7 v bV kg (flat
panel detector; FPD) %9 &> R 7 L & B L
72 (X 145) %, ARFPD 1%, €27 & )LH A 2%30.2 mm
4 CIEREIE 400 mm A TH 5, BHEREAIIHE:,
T — Z R 70 75 L DOBFER S — 7 ) 4 XD
Hligz e, #oA4 — " —ToWEs3E] PDF i albe
127> T 39,

BLI13XU I, I, Syl O 2 [

8

2IR5TFPD,
(400 mmA. 0.2 mm/ pixeg
XRmszh AN3 (PerkinElmert)
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- HELZFIA LEF A7 — VTGN T 52 L%
HiNE T AHEHEY P2 L —F B2 E— L T4
VTh D, WUINEAS X FRET, 7V RS- bV
r—yav +-avy R (crystal- truncation-rod; CTR)
Bl BEERIE, <4 7 a /F 7 = AnlT, i
M=y Ev 7SR Tbi T3,

M, PRI ORI TG D> © DT HEL
1. BELROERED/NE D555\ 70, BREDE>
TyYa L =8NS Tw5, L L, E
BRIZE>TIEHEE7 7y 7 AWMAKDPEEN TS,
Z 20, IR E L, N NiEZIET 2 2 &
& D77y 7 RERRIE DMER % EEHEEE
WCEAL, K 25507 7y 7 ZA%52 2 LI
L7 (M2) %

BLI3XU D3Ny F 4 12id, EafiEfe~A 70
ST E=ANPEIDEASI TN S (X 3) ©, A%
EICIE I FOMHER & LT CCD #lA X 7 ZfHH L
TELD, BAHLY ) A DT D5\ [AHE 5% i
T20O0WHETH > 72, ZOREZ RRT 2720,

2 IENIRREZENAT 2 DNERORRR, B
S5IETRA 6°. 0°F 4 DIRICH > TW2,

|
e~

X3 BLI3XU EE/N\vF 4 [CHRBSh TWSED
fREE~-r 7 0,/ F / E—LERRET

72 L7 LA B (Amsterdam Scientific
Instruments #-#4 STPX-65k) & A L 729, Ak
3E/ A X T7 L —4L— FDEW I EDRETH

0. ZIE THIEDEE L 7> 72 1855 23 B E 5 O HlE
W% L T B,

BL28B2 1%, FIta X #tzFIfH§ % 2 £ 23T E 2RI
BRAE—L 74 ThHb, BL28B2 &, X KT,
XAFS, A A=Y v 7% 3 EIE BRI
INTV A AF — LTl X a2 3y L <
W5, Pt X A I L CIRIpmilne % 95064 2 Fl o
1 D3k % AR 3 RmilELM T2 5 2 L ThH %,
ZOMMEIEP L, w4 7u 7 7 TJEIC X D Z D8
FEfERABR N7 L A VA% AT 2 Fikoshss
ENTn3z",

3. EFRREEITF— L

HIRBEHTF — 213, BLOSW (55 7L ¥ —F
PEHEEL) . BLO9XU (B2 EEHeEL) . BL35XU (Fisfinedk
WIERGEL) @ 3 ADE—L T4 vZFIHY L Tn» 3,

BLOSW (%, SPring-8 Tlft—nD 7 4 77— % &
$2 100~300 keV OEZ 2 L¥—X 2T 2
ZEMTELZE—L T4 THD, BRI
PERGEL (2> 7' VL) HNE I X 2SR I i
FAINTL 205, ZOfhic, H0% XHIR, ZiEA
A=YV 7 @IV =X BRI b FIH I T
W5, o, EETIREEA A=Yy 7t ary S v
MEEHAGOE D Z LIk BOERNICEET
BIILHE DA% WIE T 2 Pk R I N, FERo
VF 7 LA T VEMOFIREIED Y F 7 L DR
ZALDBIEIRIN L T2, BlfE, av 7+ VGl
O L LT, 22V XF—0fffED H 2 2 Xou
MOBEAZHEDTE Y | WIETFIEDOH & 5 Eténe bz
HfFLTw3,

BLO9XU I3 7 v 2 L — 7 2 N E T2 E—
L7 A T BHEISRIHEHGEL & & X BOEE 060
HEED =054 v Lo TW0 3, KF—2idd@
2R UGB EGELZ S L T B,

MARHELZ T2 ke LT, BlER. D B
JITEEIRREZ TR B A AN 7 =400, 2) i
THRE) %2 BHH9 2 B AEIEMIE L, 3) V7 =T
Y 7V DS % N B HEEERGEL, 4) B, F
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EDFEMESI N TS, s OFEBRZRFNICER T
X2 X9, FEERIET ) 7 a X = %% T 5
Lo, BRATIRIEITL v R X 8RR
fif LT 2", BRI ZNE D H 5 Fik
THHH, T T TIIARIAID B TRL i 2 i T
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SR HELZ R 2 MBI, ) ~~ A
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R =V oiBlD YA F 2 7 2T 2 EH %5
2 £ ) AN 22 IE TR K DEEEEIC X D&
EIN, {ERDJTE L LT, HERTHZ 1/10 DL
TIkEiETE 3 2 EpFEE S ", ARFEOIAIF]
FzHEET R, Rl folfbI N mafinee /) 7
o X —% 2T L (M4), slbHmsiigs 737 v
74 ¥4 4—F (avalanche photodiode; APD)
WitieaD» & 72 ZMIELLEZ R L 72,

4 R AERICRIR L S AMREEE /o0
X—%, ANTFED Si 444 & 10 6 4 R§%

FALTWS,
(a) (b)
AST X #% BEL X 18
T4 ©
N J %

5 (a) ER LDOFRAEEDERNR, (b) BFEED
ANZXL T A/ VRIS K DBDFETS B,

BL35XU (3 57 v ¥ 2 L—o oo a6l
X #Z2 R L 72 meV Z3figse o i fEned it X g
GLE—L 74 v Thb, KE—LTA Tl FHH
7% RO R e ALY 2 55 72 2 OIRIR R A 7 A%
DFRHIAT L <, el z@C 72 {i 754+ 3
AT AP FEES LT %, XKD TE S
MWEZFMT 2 2 L2k D, P IEmiERELEsET
VIR RS (BRI TSI ) 1281 %
BUNaRE Bz 7y e SYBT) OFEFYA
SR (WERP 7 4/ VoBilESE G WED
TREL 725 T\ %, MR E 72 ZWFFEATEF & LT, ik
[ APIED> & HIERBI A BT 12 b 72 2 IR 2 FEIS O
FPEMINTNE, —HT, EE74+ /vy =
TV Y7 EWHIN SRS a3 ) R
—VTD 7 * / VEHEDOYEIEIRIC D\ T, ML
BIFD 6 T N4 AGH ET2RMED X 9 &) BREDS
B ERoTw3, TDX) BIRPIIT, FETN AL
WEFE D 7 4 7 Rl I 2 B L
FE LN TS, BL36XU T, ZivE CHM b
JEDOREIZTE TR0z, TORMEUET XL,
N ABTBLIE T 7 & /2 IE % 1T 9 HIE T % B
L7z (X5), 2OFERICED, BEMRADIGH M
BENBEAA P L (ScN) #lED 7 + /) v %
HIE L, B - BoROBEREIC OV CEE 2 5 %
82 2 LICHRIIL T35,

4. B

T - LI 70— 74T 58— L5 4 VT,
A VN =3l SN U 7 2R E O R PERE L E Fik
DEFEZ M LTz, 51 EHEE, FIHEDOEI A
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[ 1 ] http://rud.spring8.or.jp/group/diff_scat2_g.html

[ 2] K. Ohara et al.: J. Synchrotron Rad. 25 (2018) 1627-1633.
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BN CEER PETRA NIl 256 L T

1. U sic

SMIHE &£ LT8 H20 H225 9 H 25 HE TDRY
1 » AEL FA Y DR PETRA TIHZHHE L
7z, PETRATIL (21Z, 2018 4E2> & LA ABHA &
N7 X #tE ootk (HAXPES: Hard x-ray
photoelectron spectroscopy) DHFHE—L 7 A ~

(P22) 23H %, SIEZDE =L T4 v DOFHYT
&% % Christoph Schlueter f#4:12521F A7 >
THHWw, P22 DE—LFA VDAY 7 EEDBIT
HAXPES SEEIZOWTE =LA T A v ONEEE R &
ZEOTHY - BN TH ook, TOE—L7F
4> P22 1213, HAXPES, B X M%7 1w

(HAXPEEM: Hard x-ray photoemission electron
microscopy) . fifi X it k 22 %% (k-microscope) |
K%TE HAXPES (AP-HAXPES: ambient pressure
HAXPES) @ 4 D OREIH S TE D, STl 1
A HOWHET AP-HAXPES %R < 3 DD¥5iE% -
TR RS 5 2 LT ES, T TR ZDOWHE
IS NAERICOWTHRE LZ0w E-S

2. PETRAI

PETRA I i3 F A Y DL 7V 7 HNICS 2,
TOHLHTH %Ny 79V 7 H YR & V6 [ERR R
HET 10 km 59, FEHL L NAT 30 SRREOLIMC F
AvET>v7ua bkur (Deutsches Elektronen
Synchrotron: DESY) 3% O, % O ek
PETRA Il 3% %,

DESY 1382 )L 3 —Ildids - 5 T )L % — Bl
DWFEHTTH 1) . T4 PETRA 13380 T~ DO EERFIC
1 2.3 km O T - BETOMPEE & LT 1978
IS NI, 20Kk, MBIV F —YRIFERO i
DI, 1987 412 DESY Dl 2 13 A H
L. RO AR %3 - 72 i 6.3 km @

PISNTE NGO R A v 5 —
TR I e 2 v 5 —
I - A A=V IHEEE mR S

BT - BTroMEm#Es HERA 23MEon s &
PETRA 3% D7 OHiBIN#E#R & LTI 17

(PETRA 1), %2 HERA % 2007 £l v v + 4
7L, ZDHBD DESY OFER TIERIZAA AH
2 WM 5T % WF %5 % A% ( CERN: European
Organization for Nuclear Research) Tfrb#15 X
Il o T, ZD—J57TPETRA (X, S =1HAMERHE
Mgk PETRA III & L CHFIH SN, HARATHEHD
AR & LT 2010 fE 3@ I T 3,

PETRA Il @£z 2.3 km &, SPring-8 (JHF
1.4 km) XDHKE», LaL, ZEAEDHTD
LI IS 5 728, MR D R 75 AL
WY Y ROEBRIZ R, MY v 7o 1/8 FREE
OFPAIC 14 KO —LF 4~ (PO1~P14) Ay
SN, ZOBBEDEFHIHOTIEIEA -2 L %%
17,2014 4E202 6 ERE Y ~ 7 DUl (Paul P. Ewald
hall) & #ifill (Ada Yonath hall) 1277928k —
WDBERDIE E > 72, 2019 4 9 A TlhA—Lic
24 (P63, P64), HA—NLT4A (P21~P24) 7%
BEL <8 . Aic20RD e — 2474 Y HPETRA
Micizd 2,

X1 PETRAIIl @&EMR—)L (AdaYonathhall)e <®
BEYIDH(IC HAXPES E—LS1 > THS P22
ERT Y TDEENH B, imERIE I DRDFFHR
HEERADEEZICNZARLTHS W, 22 TR
S Ufe
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3.HAXPES E—LS1 > (P22)

W@l PETRA (2B} % HAXPES 9884, P09 128
WO FEERTE LD Tt ), e v
A4 LD 13 FEDRY = 7 SN TV ARERL 57, L
2> L, UEHED HAXPES FROFEDE E D I 5T
T A= VO E & HI12 HAXPES E—2L4 54 V23
FHliix N7z, P22 13 Wolfgang Drube 1812556 L 72
HAXPES FEHOE—L 74 »ThH Y, 2018 4Rk
25D BHR S LT %, Drube (% 2018 4RI
B4 5B, BT L L THRIDIHEZZIT AN
T\a7272\ 7z Schlueter DS FHHYS E 2D E—L T
£V OERR TS TVS, E—AF4 VITOnTI,
PETRA III ® Web ¥4 FiZd % Technical Design
Report 1ZEEL { SRS TV DTEIHL TEL W,

P22 ©— L5 4 v DOIFNVXF—HiHIE, F—F > —
FiZiE 24~30 keV LI N T30, EED
HAXPES @328 & L Tld 3~10 keV OFiPADMEHI
%, fEEotés (double crystal monochromator:
DCM) & Si(111)& SiB11)23H b, ANBEAMRTE
% X 91> T3, HAXPES HIEICEBWTE—24
MRIEASAEE I SiB11) 2, B RGN LS 7,
RflE Si(333)%& EDERHZES, 722, 7F 7
A W —DfFhels £ 2 BET 5 & T2V X — 53 fiig
I Db E—LEEIEIEI NS 2 E03% ., FEERTIE
FUC SIBII)C X B 6 keV DYeafliv, i % b
YL § BRI SiE3INCEH T 5D I N T 5,

HEEz Au ikl HAXPES #iliElc & ) .DCM &
Bl S> 7G B o b T2V X — o3 fifhe %

. : /’ "

2 P22 DBRANSDEE, E—LZA( VIFHITICH
D, BEIFBENH S 7OF DR Th SR LT,
EERARICH B DH P22 DEFR/\ Y F TH B,

-7, 2055, Si(B11)DHiA1iE 100 meV 55
DIFRREDMS S, — /5, SiB33)DEGAICIET 74
P—DRAZFNX =25 T LI12X->T 50 meV
T COfRREDS LD3% Z LDV o iz, 272 L Si(333)
TIFE—LIREDRTI 12, RAZZLEF— BN
7= DESHEIFT . B OAARRIEZSBEE LT,
IOV UL, EESFAENES 7 —IXMEF 2
7— (M1) CE—LDMERIED7D DY I 7 —
(M2) & EHITHENY FITAD TS, — 17, K
SEAIAEENE S 59— 3R EAY 1 m & B R EN 2
PH-FEME S 72— (M3) Th h Iy FHD I
RICKEIN TV, TDI 7 —DAMMEHEE
BZ5HTEILE>THEE Ny FHOREEICEDY
THEEMEZEHL TS, ARy M A ZDGHE
il 358N v F O _Lifiicd 5 HAXPES DOAZET 8
pum () x 8 pm (§%), Tifi> HAXPEEM DAZET
8 um(ift) x 20 umEFREE L 2> T %, LA L,
FEBxD HAXPES Ficld Az Fi7-¢ 20 um mitk
DARY A ZTITo T Tz, ARy 7D _FIR% R
Doy, KO EE T E 2R b H o7,
P22 [ZOWTHEIN TV S HUITIE, Si(111) &
Si(022)% 7= B F v v 2oLl v MG R 5
A 7E Y T OV Thidd I w3, 2ins
W1 DDHEZEF ¥ L N—IZA->TEH DCM DA
RETEDL XG> TS, LS, sl
FEEDWIECHE L 72 BHRTIli-> TR ST, 20
F . vN—=Fny FHHTHINTE D | FERICIPE
AL TLEHE IS LTETHLEDI L THHT,

> !

RS 3 N X
3 3 DEEHNWIER/\vF, FHIIC HAXPES %
&. FRIC k-microscope. BICENTLZ DA
HAXPEEM T %, SHEHEA & AP-HAXPES
[\ FHICEIN TUL .
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HAFFEIC B D OIERICRITIE > TR Dhs, €
7R =F =K T —DRIGREI NI E— L
=¥ THBY, U CVD HE S ¥ 100 uym ¥
ATEYFRZEAZ) =2 E LT, E—LICLkBH
HDNE, A X, g% CCD A X 7 CThAlls,
BNEHZ T DHIE TDOE — L DIREEN D5 LI,
A7) =% X 0NEET 5 O Tl e ikt
LOWBSIE SIS DIERTE S, ZOE—
LEZ%% SPring-8 ® HAXPES DE—A 54 v T
HEATE S LA ) LU,

E—A54 voflliiay Fa—iny FNDPC
5119, E—h74 v OREEOHIHIZIZ TANGO
5479V &-oTED, GUL & LTIEQt 2T
python ©7'v 7' A ZNAEDY 7 v = 7% f
ST, S7—F/ 70uX—F =l EDNER
LF 2N —DEEP2 2L —F—FEL LS
72 GUL TEMETE 2DT, 2—¥ =2t > THEHIC
R T LHRRIC RS> TV,

F 7 HAXPES D7 F 74 ¥ —IXSPECS#TH b |
avro—LHDY 7 b7 =27 E L CHEHDM R L
T3 Prodigy ZH\VTwiz, Tzl E7rF o
A ¥—% TCP/IP 12 & % V) & — Ml mff8ic 2 5,
7FIAF—DflfHE E—24 54 VilEHDY 7 k
% = PICiHAAA, HAXPES IS L TlBERe~
ZEal—¥— LB X THETAS L) Ik
> T/, FERIIZIE 1 D DiAD» 5 python % >
T HAXPES #EZ &0 T, &2 TOESIHIETE 2
720, MIEDEDOTIEDZ 7 ) 7 b 75 E 2T
TUTHENEDE RIS TE ZBIC 2> T,

4. EEREE

P22 12138 HAXPES D% & LT 4205 %55,
A D #E A Y1213 k-microscope, HAXPES.
HAXPEEM O 3 D DEEEDIERICSM I T/ 72
Wiz, ¥72 AP-HAXPES o= v ¥4 Al 11 AE
225 12 AP £ COFPER - - DTHMIFEHRZ E
BERL2 2 EIZTELRD o108, YD 7 )L — 78k
BEOWRZ E TR S IUEEZTT>TW DT, »
HWAHEEE) T EDTE, I I TIRERONE
PREFUZOWBTEEL W I L IFEDRTE 0D, 2D 4
DDIEIZOVWT, ZNFTNEBHRICSMILTH 5

ST E TR L7 2 LG L E -,

HAXPES O 7 F 7 4 =135~ v F D Hiitic
REINTW5, 75749 —13 SPECS t#o
225HV b b B#z 13 delay line detector (DLD)
Z2flio>Tw 5, NAMBELGE T = % )L X —#filH
13 10.5keV £TTH D, F7HIBUILAHIGAD 77
LV ADME L T T30°DHuA A% D, v =F
2 L—%—F xyz0 \ZMAT azimuth [F£53AlHE 22
S5HiDbDTH Y WENY T LD 70 —T30KHE
i F COREBRSHI L 72 HE D RETH 5,

EHE 6 DDANYEA LY 7 TELZE—FR Y
7zt LT, MEMICEAT 2 X ) I2h>Tw 5,
FLVFAKSKEODO 70y ZIRTH ) Nk
Bl o 1385 HZ — I iy o s, ~=Ea
L —%—I(2ld azimuth FEEEEREMN ATV 5720 1
DDFEF L ERE T E 2\0hs, EEE DK Z F L
FVFIMONTFEZ LT PV A7 7—DFHM
2O EDHBETH B, EFE, HHEHOFEET
E. BB 6 DK RO T, 20T NDRE
B Z R S ¥ LAY FVHIE & HIENE D
BEjZ 2 7)) 7 MEL, EEGROEHEIIE 217 -
T, I[RDIZRFIRA—=F—% 2y F LTEFIEH
ER T EFTHETHES 20T, 21— —L LTI
BHDOD IR > T,

k-microscope |8 FOEB RN B 204D
TRILR Y BV DM NBEEETH D, R X HiH
BTH %7 UVSOR ICEHADTFEIN TS5 L
HEFIDOTICHEH I N T BEEETH 5, P22
DIEIT~ A ¥V RFD Schonhense ##% & Elmers
Bz E o CHFEZHED TV 5, Sl
DoV IA4 LD 8 HMLH>7, w2 v A L
N2 THDIRS LT, hF—HDY v v
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