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The Development and Use of Unique X-ray Optics for
Free Electron Lasers
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Abstract
High-pressure and high-temperature experiments are indispensable to understand the Earth’s interior. Large volume press (LVP)

can generate pressures in a much larger volume than that of the diamond anvil cell, and has been widely used in various X-ray

measurements revealing physical and chemical properties of minerals under the Earth’s mantle conditions. Development of X-ray

transparent cell in LVP is, thus, essential. In this study, I developed a boron-doped diamond (BDD) heating element, which is both

refractory and X-ray transparent; and a boron-MgO composite pressure medium, which is highly X-ray transparent without

sacrificing the pressure generation efficiency. With BDD heater, I succeeded in generating temperature as high as 4000 K at ~15

GPa. Then, I tried to apply the BDD heating element to in-sifu falling sphere viscometry, which is the best method to directly measure

viscosity under high-pressure conditions. Thanks to the ideal characteristics of BDD heater, I succeeded in measuring viscosity of

forsterite, enstatite and diopside liquids up to 30 GPa by in-situ falling sphere viscometry. The new viscosity data set infers that a

bridgmanite-enriched layer should form at the top lower-mantle during the cooling of magma ocean.

I Introduction

The Earth’s interior is under high pressure (to 136 GPa in
the mantle, to 360 GPa in the core) and high temperature (to
~4000 K in the mantle, to ~5500 K in the core). The physical
and chemical properties of Earth material under high-pressure
and high-temperature (HPHT) is crucial to understand the
Earth’s interiort!!. HPHT experiment is an indispensable tool
to reveal how materials behave in the Earth’s interior.
Diamond anvil cell and large volume press (LVP) are two
complementary apparatuses to generate HPHT conditions.
Comparing them, LVP (Fig.1a) can generate pressures in a
much larger volume with a fine temperature control and
reduced thermal gradients!!.

Synchrotron X-ray is an indispensable tool to reveal
physical and chemical properties of materials. The
combination of LVP and synchrotron X-ray recently
expanded the versatility of LVP greatly, with studies ranging
from phase diagram and equation of state by X-ray

diffraction!? adreference thereinl 'ty yiscosity measurement by X-ray
radiography'®¢3l, and density determination in liquids by X-
ray absorption’®e4, Fig.1b shows a schematic drawing of X-
ray optics in an LVP. Since the X-ray penetrates the cell
assembly, X-ray transparent material making up the cell is

required for high signal/noise ratio.

Il. Development of X-ray transparent material
A. Boron-doped diamond heater

LVP usually uses resistive heating to generate high
temperatures. X-ray transparency of heating element is,
therefore, essential for X-ray measurements at HPHT.
Graphite is an ideal heating element in X-ray transparent cell
below 10 GPa because of its high melting point (~5000 K)
and high X-ray transparency. Unfortunately, it converts to
diamond at higher pressures. Since diamond is an electrical
insulator, graphite cannot be used as a heater at diamond

stable P-T ranges. LaCrOs or noble metals are used instead.

>"Corresponding author; Tel: +49(0)921 55 3743, Fax: +49(0)921 55 3769, E-mail: ddtuteng@gmail.com
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Figure 1 (a) Dr. Xie doing experiment with an LVP installed at BL04B1. (b) X-ray optics of an LVP interfaced with

synchrotron X-ray (modified from Ito, 200711).

However, both of them are X-ray opaque and not refractory
enough (< 3300 K). X-ray transparent and refractory heating
element for pressures > 10 GPa has long been awaited.

Even though pure diamond is electrical insulator, it
becomes semi-conductive or even metallic when heavily
doped with boron. Furthermore, diamond is refractory with a
melting point of ~5000 K. Therefore, boron-doped diamond
(BDD) is the best candidate as a refractory and X-ray
transparent heating element in LVP at diamond stable P-T
conditions. The pioneer researches were focused on the
direction of using a graphite—boron mixture as precursor,
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Figure 2 (a) Image of BDD blocks and tubes, synthesized at
15 GPa and 2300 K. (b) Available pressure-
temperature range in LVP, which is modified after
Yamazaki et al. 2014. CMB: core-mantle boundary.
Purple dashed line marks the temperature of 4000 K,
the highest temperature generated by BDD heater.
Purple area marks the pressure-temperature (P-T)
range, in which BDD was applied to measure melt
viscosityl's]; grey area marks that in conventional
LVP, which uses WC as second stage anvils;
yellow area marks that in LVP, which uses sintered
diamond (SD) as second stage anvils.

which converts to BDD in situ during heating, to avoid direct
manufacturing the hardest material, diamond. However, a
significant pressure drop and unstable heating are frequently
caused by the graphite-diamond conversion, which is
accompanied by a large volume reduction and drastic change
of electrical resistivity?®®!, In addition, boron in the mixture
may be oxidized into boron oxide, B,Os, which acts as a fatal
melting flux®!.

Under this context, I turned to use pre-synthesized BDD as
a starting material instead of graphite-boron mixture. To
overcome the difficulty of manufacturing BDD tube, I
directly synthesized BDD tubes at HPHT or molded a BDD
tube from BDD powders, which were crashed from BDD
blocks using a nano-polycrystalline diamond mortar. Fig.2a
shows images of BDD blocks and tubes. After surveying
various refractory materials, I found that TiC is the best
electrode for BDD heater. Owing to these breakthroughs, I
succeeded to generate ~4000 K in LVP; it is higher than the
geotherm of the whole Earth’s mantle and over the melting
temperature of Earth’s mantle to 2400 km, close to the core
mantle boundary (see Fig.2b). Being both refractory and X-
ray transparent, BDD shows great advantage than any other
type of furnaces for synchrotron X-ray studies and opens new
opportunities to perform unprecedented experiments, such as
exploring the silicate melt properties at Earth’s lower mantle
conditions. This work has been published in Review of
Scientific Instrument, 20171,

It is worth noting that not only LVP researchers are
interested in the BDD material, but also diamond anvil cell
researchers collaborate with me to generate 3500 K in

diamond anvil cell for 1 hour duration!'?.
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B. Boron-MgO composite pressure medium

Pressure medium (PM) is a material which is used to
transmit pressure from the anvil to the sample. Besides
heating element, X-ray transparent PM is important as well in
enhancing transparency of cell assembly. A good PM for in-
situ X-ray measurements should be X-ray transparent without
scarifying efficiency of pressure generation. Traditional PM
has limited X-ray transparency such as Cr-doped MgO (~5
wt.% Cr,O3) or limited pressure generation such as B/Epoxy
mixture (practically < 10 GPa).

For these reasons, I developed B85 (85 wt.% B and 15
wt.% Mg(OH),) as PM. I sintered machinable blocks of
boron-MgO composite at 800-1000°C under atmospheric
pressure from a mixture of amorphous boron and brucite or
Mg(OH).. Fig.3 shows various shapes of sintered boron-
MgO composite blocks. B85 PM has significantly higher X-
ray transparency, especially at energies less than 50 keV
(Fig4b). I also confirmed feasibility of the B85 PM by
successfully generating lower-mantle pressure (> 23 GPa)
with an efficiency comparable to that of a Cr-doped MgO PM
(FigA4c). In short, B8S is not only X-ray transparent but also
efficient in pressure generation. Therefore, B85 PM enables

us to conduct various cutting-edge X-ray measurements to

]
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lower mantle conditions in LVP, such as melt-structure
measurement by the X-ray scattering method and density
measurement using X-ray absorption method. The

superiority of B85 PM was reported in Review of Scientific

a

90 wt, 9

T 101010 1 1
~

Instruments (2020) with citation of Editor’s Pick!!!,

Mgo

1]

Figure 3 Varies shapes of boron-MgO composite. (a) Octahedra
(10 mm edge length) machined from blocks with
different boron contents. (b) Edges and vertexes
truncated octahedra machined from B85. (c) Tube with
OD/IDL of 3.022.0/4.0 mm (OD: outer diameter, ID:
inner diameter, L: length) machined from B85.
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Figure 4 (a) Schematic sketch of X-ray passage to test X-ray transparency of pressure medium. B85: boron-MgO
composite with 85 wt.% boron. X-ray beam was of 0.1 x 0.2 mm width. (b) X-ray diffraction spectra of silica
glass at varying 2theta angle. Spectra were obtained at SPring-8 with an exposure time of 600 s. (c) Load-
pressure relation using pressure medium of B85 and MgO, respectively, conducted at synchrotron SOLEIL
(France). The experiments were performed using octahedron pressure medium with 10 mm edge length and
tungsten carbide cubic anvils with 4 mm truncated edge length.
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Ill. Application of BDD to viscosity measurement of
silicate melts under lower-mantle conditions

The early Earth is believed to experience large-scale
melting, which forms a deep or even whole-mantle magma
ocean (MO)!'?, Depending on the dominant mechanism of
MO solidification (at equilibrium or with compositional
fractionation), the primordial Earth’s mantle could be layer-
stratified or homogeneous. Besides the heat flux (a flow of
energy per unit of area per unit of time) of MO surface,
viscosity is a key parameter to characterize the solidification
process!'3l,

The viscosity of a fluid is a measure of its resistance to
deformation at a given rate. For example, honey has higher
viscosity than water. In-situ falling sphere viscometry is the best
method to directly measure viscosity under high-pressure
conditions. Based on the Stoke’s law (Eq.1), the viscosity of
melt is evaluated from the vertical velocity of the sphere, which
is monitored through sequential radiographic images (Fig.5a).

n= —Zgrsz(:js_ Pm) .. (1)
where vy, 75, ps, pm and g are the terminal velocity, sphere radius,

sphere density, melt density, and gravity acceleration, respectively.

silicate melts was limited to ~13 GPa (upper mantle)!'¥ for
more than 10 years due to the lack of proper heating element
(Fig.5b). Being refractory and highly X-ray transparent, BDD
is a perfect heating element to extend the pressure range of
viscosity data. Thanks to the application of BDD heater, 1
succeeded to measure viscosity of forsterite”, enstatite? and
diopside® composition up to 30 GPa at SPring-8 (Japan) and
Synchrotron SOLEIL (France). Then, I applied the new
viscosity data set to constrain the crystallization processes of the
MO in the early Earth. I concluded that a bridgmanite-enriched
layer forms at the top lower-mantle during the cooling of
magma ocean (Fig.6). This study was published in Nature

Communications (2020)1"),

El 1200 ms 1300 ms 1400 ms 1500 ms 1600 ms E

.
=
- 1 'iﬁ
L J [
' =
BDD heater, 24 GPa LaCrO; heater, 13 GPa
Figure 5 (a) Clear radiographic image of a probe sphere falling

in liquid forsterite using a BDD heater. (b) Radiographic
image of a probe sphere in LaCrOs heater (Reid et al.

Before I started my work, the viscosity measurement of 2003).
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Figure 6 (a) Crystal/critical diameter ratio (Rcc) as a function of magma ocean (MO) depth. Critical diameter is the
largest grain size of crystal that can be suspended in a convecting MO. Crystal diameter is the grain size in
the MO. Fractional or equilibrium solidification should occur when Rcc is large or smaller than 1, respectively.
The heat flux of MO is affected by the atmosphere. When we ignore the blanketing effect of atmosphere (Cr
= 1), MO has the highest heat flux, resulting in the smallest Rcc value (solid lines). When we consider the
blanketing effect (e.g. 20%, ie Cr= 0.8), MO has a lower heat flux, resulting in a larger Rcc value (dotted
lines). In order to show the effect of viscosity on Rcc value, Rec calculated with 10 and 1/10 times viscosity
are also plotted. Even with the highest heat flux, fractional solidification (Rcc > 1) should occur at depth of
~1000 km. (b) A conceptual drawing of mantle after magma ocean solidification. Bdg: bridgmanite.

D Forsterite (Mg2SiOs): the magnesium endmember of olivine, a major mineral of mantle.
2 Enstatite (MgSiOs): the magnesium endmember of pyroxene, a major mineral of mantle.

¥ Diopside (CaMgSi20s): a monoclinic pyroxene mineral.
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Beamline Name Pblc Use| 2010|2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | Tota
BLO1B1 |XAFS 1997.10| 415 76 65 74 92 75 87 94 81 82 65| 1206
Technical Journal 1 1

BLO2B1 |[Single Crystal Structure Analysis 1997.10| 140 12 18 36 42 36 44 39 29 44 31 471
BLO2B2 |Powder Diffraction 1999.9 | 505 82 59 96 71 82 95 79 73 72 69| 1283
BLO4B1 |Hioh Temperature and High Pressure | 1997101 174| 22| 16| 20| 19| 16| 16| 15| 15| 19| 11| 343
BLO4B2 |High Energy X-ray Diffraction 1999.9 | 194 23 28 28 33 37 43 30 40 38 39| 533
Technical Journal 1 1
BLOBW  [High Energy Inelastic Scattering 1997.10| 128 20 19 15 13 19 15 16 14 10 16| 285
BLO9XU  [Nuclear Resonant Scattering 1997.10| 110 13 13 15 15 18 16 19 28 14 7| 268
BL10XU [High Pressure Research 1997.10| 295 32 28 21 30 29 30 28 23 25 22| 563
BL13XU |[Surface and Interface Structure 2001.9| 139 27 6 16 21 24 36 27 31 30 18| 375
BL14B2 |Engineering Science Research Il 2007.9 43 32 36 53 53 61 53 58 66 77 60| 592
Technical Journal 1 1 1 1 2 6
BL19B2 |Engineering Science Research | 2001.11| 143 35 53 59 63 65 64 68 59 57 37| 703
Technical Journal 1 1 1 2 2 1 1 9
9 |BL20B2 |Medical and Imaging | 1999.9 | 182 24 35 28 25 35 26 28 31 26 23| 463
% BL20XU |Medical and Imaging I 2001.9| 137 27 21 40 45 43 37 34 29 43 16| 472
g BL25SU  [Soft X-ray Spectroscopy of Solid 1998.4 | 282 25 22 24 31 20 19 25 20 22 19| 509
Q Technical Journal 2 2
§ BL27SU  [Soft X-ray Photochemistry 1998.5 | 282 31 18 41 35 25 36 27 24 16 28| 563
BL28B2 |White Beam X-ray Diffraction 1999.9 95 15 10 21 18 21 19 25 20 11 19 274
BL35XU [High Resolution Inelastic Scattering | 2001.9 75 12 8 14 13 16 15 15 14 8 19| 209
BL37XU |Trace Element Analysis 2002.11 96 23 14 32 28 35 29 29 29 21 18| 354
Technical Journal 1 1
BL38B1 |Structural Biology Il 2000.10| 329 48 60 59 48 65 60 38 30 30 23| 790
BL39XU [Magnetic Materials 1997.10| 173 19 21 20 25 19 24 30 20 18 21 390
BL40B2 |Structural Biology Il 1999.9 | 336 42 43 70 54 55 59 54 55 62 39| 869
Technical Journal 1 1 2
BL40XU  |High Flux 2000. 4 89 13 18 37 21 32 42 30 34 42 16 374
Technical Journal 1 1
BL41XU |[Structural Biology | 1997.10| 590 66 53 65 55 60 68 57 52 39 29| 1134
BL43IR  [Infrared Materials Science 2000. 4 69 8 11 10 11 17 15 23 10 19 20| 213
BL46XU |Engineering Science Research lll 2000.11| 100 22 15 38 28 56 51 49 45 48 20| 472
Technical Journal 1 1 2
BL47XU |HXPES - MCT 1997.10| 227 31 17 36 36 31 29 37 28 27 20( 519
Technical Journal 1 1
BLO5XU  [RIKEN Diagnosis Beamline | 2017.4 3 6 7 16
BLT1XU [QST Quantum Dynamics | 1999.3 13 13
BL14B1 [QST Quantum Dynamics Ii 1998. 4 44 2 1 1 48
2 BL15XU |WEBRAM 2002.9 32 1 1 1 35
% BL17SU  [RIKEN Coherent Soft X-ray Spectroscopy| 2005. 9 8 7 6 11 12 5 2 3 5 8 4 71
% BL19LXU |RIKEN SR Physics 2002.9 5 1 1 2 5 6 2 1 23
5 [BL22XU [JAEA Actinide Science | 2004.9 5 1 6
é_c") BL23SU |JAEA Actinide Science I 1998. 6 46 2 3 2 1 54
E‘: BL26B1 |RIKEN Structural Genomics | 2009. 4 3 8 2 9 6 15 15 22 28 21 129
3 |BL26B2 |RIKEN Structural Genomics I 2009. 4 1 5 3 5 7 11 8 9 8 5 62
% Technical Journal 1 1
O |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 15 15 7 5 93
BL44B2 |RIKEN Materials Science 1998. 5 14 6 5 2 5 5 37
BL45XU  [RIKEN Structural Biology | 1997.10 84 9 6 7 9 13 20 10 6 15 12 191
Subtotal 5613 | 807| 741|1003| 975|1041| 1094|1037 | 971| 979| 766|15027
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Beamline Name Pblc Use | 2010|2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | Tota
BLO3XU [Advanced Softmaterials 2009.11 1 5 8 24 21 14 17 23 9 19 11 152
Technical Journal 35 42 39 36 33 31 28 28 272
BLO7LSU |G1e University-of Tokyo Outstation | pong17| 1| 5 10| 13| 12| 19| 19| 15| 21| 7| 128
BLO8B2 |Hyogo Prefecture BM 2005.9 1 1 3 7 9 5 6 11 5 7 62
Technical Journal 7 1 18 7 4 4 1 3 45
BL11XU [QST Quantum Dynamics | 76 6 13 16 14 8 20 20 13 18 9| 213
BL12B2 |NSRRC BM 2001.9 131 13 25 22 21 29 37 34 35 31 7 385
BL12XU |NSRRC ID 2003.2 46 10 14 11 18 19 18 25 20 20 8 209
BL14B1 [QST Quantum Dynamics Ii 111 16 11 10 15 19 17 23 20 18 19 279
BL15XU |WEBRAM 2001 4| 148 51 41 61 57 48 63 57 50 45 34| 655
» |BL16B2 [Sunbeam BM 1999.9 45 6 4 3 6 4 10 9 6 10 9 112
£ Technical Journal 2 18] 15| 14 8| 15| 21| 15| 10 5] 123
§ [BL16XU |Sunbeam D 19999| 38| 2| 2| 2| 3| 4 1| 9| 9| 17| 17| 114
o Technical Journal 20 19 14 14| 21 18 12 8 6| 132
§ BL22XU |JAEA Actinide Science | 61 10 10 14 19 15 14 15 26 23 13| 220
§ BL23SU [JAEA Actinide Science Il 153 22 20 17 29 19 26 16 23 22 17 364
BL24XU [Hyogo Prefecture ID 1998.10| 131 6 7 8 5 4 5 6 8 2 7 189
Technical Journal 11 3 10 3 1 4 1 1 34
BL28XU [RISING | [ 2012.4 3] 9| 5] 5] 5| 4] 8] 10/ 49
Technical Journal 1 1
BL31LEP |Laser-Electron Photon Ii | 2013.10 1 3 2 1 2 2 11
BL32B2 |Pharmaceutical Industry ~ (2002. 9 - 2012. 3) 24 3 1 28
BL33LEP |Laser-Electron Photon 2000.10 43 4 4 4 4 2 2 3 5 2 73
BL33XU |Toyota 2009. 5 3 5 2 8 4 10 16 6 9 12 75
Technical Journal 2 5 4 5 3 4 1 24
BL36XU Catalytic Reaction Dynamics (f206'[F3L>1.61I 9%”020. 3) 1 7 6 7 12 15 8 8 64
BL44XU [Macromolecular Assemblies 2000.2 | 195 49 59 59 50 64 54 61 46 45 31 713
Subtotal 1205| 212| 232| 274| 309| 282| 344| 366| 316| 327| 228| 4095
BL17SU  [Coherent Soft X-ray Spectroscopy 63 10 14 3 8 5 8 5 1 6 123
BL19LXU |SR Physics 77 9 11 12 13 9 5 6 1 4 1 148
$ [BL26B1  [Structural Genomics | 151 7 8 7 4 5 4 4 1 1 192
% BL26B2 |Structural Genomics Il 70 18 19 13 4 3 7 10 2 2 1 149
% BL29XU [Coherent X-ray Optics 156 8 16 15 9 10 15 9 8 4 3| 253
é BL32XU |Targeted Proteins 2 9 8 8 7 13 4 3 1 2 57
@ [BL43LXU [Quantum NanoDynamics 1 1 1 2 5
BL44B2 |Materials Science 204 13 13 19 16 20 16 18 14 4 1 338
BL45XU  [Structural Biology | 181 9 9 11 9 13 13 8 3 1 257
Subtotal 902 76 99 89 71 73 82 64 32 16 18| 1522
SACLA
Beamiine Name Pblc Use |10 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | Tota
gg BL1 SXFEL 2016.3 7 5 6 18
BL2/BL3 |XFEL2/XFEL1 2012.3 1 13 28 37 47 42 34 44 34 280
| Hardware / Software R & D | 452] 37] 56| 67] 13] 33] 46] 53] 48] 34] 8] 847]
NET Sum Total 7006| 961| 930|1202|1103| 1193|1287 |1261|1113|1130| 823|18009
Technical Journal 2 2 89 80 97 67 74 71 54 47 11 594
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Technical Journal : JASRI h%S8%E U TebEE D\ GRS E

NET Sum Total : SERNCESRSNTVBHE (FRIGRRU TWVRWEERLUNIBIY 230 &20)

BE—LZ1Y BL) MSOBRNSARIHUIIENENDE—LTI Y THIY MU,
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SPring-8
Beamline Name P“gi"rfcgse ngg;ere;d Proceedings Pugég%rons Total

BLO1B1 |XAFS 1997.10 1207 66 88 1361
BLO2B1 |[Single Crystal Structure Analysis 1997.10 471 14 31 516
BLO2B2 |Powder Diffraction 1999.9 1283 41 83 1407
BLO4B1 |Hioh Temperature and High Pressure | 1597 1 343 7 48 398
BLO4B2 [High Energy X-ray Diffraction 1999.9 534 13 58 605
BLO8BW  [High Energy Inelastic Scattering 1997.10 285 10 48 343
BLO9XU  [Nuclear Resonant Scattering 1997.10 268 15 34 317
BL10XU [High Pressure Research 1997.10 563 22 61 646
BL13XU [Surface and Interface Structure 2001.9 375 19 37 431
BL14B2 |Engineering Science Research Il 2007.9 598 11 36 645
BL19B2 |Engineering Science Research | 2001.11 712 47 90 849
é BL20B2 [Medical and Imaging | 1999.9 463 88 88 639
% BL20XU |Medical and Imaging I 2001.9 472 106 136 714
i;; BL25SU  [Soft X-ray Spectroscopy of Solid 1998. 4 511 15 61 587

>
Q- |BL27SU |Soft X-ray Photochemistry 1998. 5 563 21 38 622
BL28B2 |White Beam X-ray Diffraction 1999.9 274 16 23 313
BL35XU [High Resolution Inelastic Scattering | 2001.9 209 5 13 227
BL37XU |Trace Element Analysis 2002.11 355 24 51 430
BL38B1 |Structural Biology Il 2000.10 790 11 64 865
BL39XU [Magnetic Materials 1997.10 390 17 80 487
BL40B2 |Structural Biology I 1999.9 871 15 117 1003
BL40XU |High Flux 2000. 4 375 24 70 469
BL41XU |[Structural Biology | 1997.10 1134 4 99 1237
BL43IR  [Infrared Materials Science 2000. 4 213 15 60 288
BL46XU |Engineering Science Research lil 2000.11 474 20 40 534
BL47XU |HXPES - MCT 1997.10 520 93 131 744
BLO5XU |RIKEN Diagnosis Beamline | 2017.4 16 16
BLT1XU [QST Quantum Dynamics | 1999.3 13 2 2 17
BL14B1 [QST Quantum Dynamics Il 1998. 4 48 1 11 60
BL15XU |WEBRAM 2002.9 35 19 7 61
g BLITSU |Shectiompmrent Soft Xeray 2005.9 71 1 29 101

&
& |BL19LXU [RIKEN SR Physics 2002.9 23 3 26
E%J BL22XU [JAEA Actinide Science | 2004.9 6 6
§ BL23SU |JAEA Actinide Science I 1998.6 54 4 15 73
% BL26B1 |RIKEN Structural Genomics | 2009. 4 129 8 137
g BL26B2 [RIKEN Structural Genomics Il 2009. 4 63 10 73
BL29XU [RIKEN Coherent X-ray Optics 2002.9 22 1 23
BL32XU |RIKEN Targeted Proteins 2010.10 93 4 97
BL44B2 |RIKEN Materials Science 1998. 5 37 3 40
BL45XU  [RIKEN Structural Biology | 1997.10 191 5 19 215
Subtotal 15054 771 1797 17622
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Beamline Name Pugilinchere Rs;g;ere;d Proceedings Puég;%rons Total
BLO3XU [Advanced Softmaterials 2009.11 424 14 438
oo [T e e ™ | z0001 128 X 139
BLO8B2 |Hyogo Prefecture BM 2005.9 107 107
BL11XU [QST Quantum Dynamics | 213 8 37 258
BL12B2 |NSRRC BM 2001.9 385 1 2 388
BL12XU |NSRRC ID 2003.2 209 7 221
BL14B1 [QST Quantum Dynamics Il 279 12 69 360
BL15XU |WEBRAM 2001 4 655 14 58 727
é BL16B2 |Sunbeam BM 1999.9 235 12 70 317
r:% BL16XU |Sunbeam ID 1999.9 246 8 56 310
§ |BL22XU |JAEA Actinide Science | 220 4 43 267
E BL23SU  |JAEA Actinide Science |l 364 45 109 518
BL24XU [Hyogo Prefecture ID 1998.10 223 19 61 303
BL28XU |RISING I 2012.4 50 50
BL31LEP |Laser-Electron Photon Il 2013.10 11 11
BL32B2 |Pharmaceutical Industry ~ (2002. 9 - 2012. 3) 28 31
BL33LEP |Laser-Electron Photon 2000.10 73 23 99
BL33XU |[Toyota 2009. 5 99 5 28 132
BL36XU Catalytic Reaction Dynamics (f206]F3l.1,61| 9%”020. 3) 64 6 70
BL44XU  |Macromolecular Assemblies 2000. 2 713 43 756
Subtotal 4726 158 618 5502
BL17SU  |Coherent Soft X-ray Spectroscopy 123 4 13 140
BL19LXU [SR Physics 148 8 27 183
» |BL26B1  [Structural Genomics | 192 2 19 213
% BL26B2  |Structural Genomics Il 149 1 13 163
S
& |BL29XU [Coherent X-ray Optics 253 14 37 304
"'E BL32XU |Targeted Proteins 57 3 60
* BL43LXU |Quantum NanoDynamics 5 5
BL44B2 |Materials Science 338 2 16 356
BL45XU  [Structural Biology | 257 5 45 307
Subtotal 1522 36 173 1731
SACLA
Beamline Name Pugilinccgse Rg;;reerzd Proceedings Puk%g;?cirons Total

§§ BL1 SXFEL 2016.3 18 18
BL2/BL3 |XFEL2/XFELI 2012.3 280 4 14 298

| Hardware / Software R & D ‘ 847 ‘ 554 ‘ 464 | 1865 |

| NET Sum Total ‘ 18603 ‘ 1363 ‘ 2360 | 22326 |

Refereed Papers : Zvh D DFERRX. BorA DD TOY—7 1 V7 BT SPring-8/SACLA FIFFFTRERE. 1FRiHRES
Proceedings : EFvLOTOY—F 1 >

Other Publications : F&FFZHART. LD 2 DICHTIEESBVNED (#Eh BITA B, oM UTERINH0)
NET Sum Total : SBRICESRSN TV FRRICRRL CWRWSEERLUNCETT 230 E &)
BHE—LZ1Y BL) HMSOBRENSRIFEHEENZTNOE—LTA VY THIV Ml
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B = Bk =
Physical Review B 13 Chemical Science 6
Inorganic Chemistry 10 Angewandte Chemie International Edition 5
Japanese Journal of Applied Physics 10 Chemical Communications 5
Applied Physics Letters 9 Journal of Applied Physics 5
Nature Communications 7 Journal of Synchrotron Radiation 5
Chemical Science 6 Macromolecules 5
Physica Status Solidi B 6 Scientific Reports 5
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SREDERE UTESRE iR
Physical Review B
MARES F=E HESIER Ersiiel E=LF1Y FREEE 14~
2017A1395 BL43IR
Satoshi 102 (2020) AP it Structural, Electrical, Magnetic, and Optical Properties of Iron-
40125 Imaizumi 035104 201781474 BLASIR KR Wit Based Ladder Compounds BaFex(S1-xSex)
201881312 | BL43R | A& WD PO 2T
40152 Hiroaki 101 (2020) 2019B1092 | BL25SU ZH #X | Three-Dimensional Electronic Structure in Ferromagnetic
Tanaka 161114(R) 2019A1087 | BL25SU 2 X FesSnz with Breathing Kagome Bilayers
40193 Takahito 101 (2020) 2018A3841 BL23SU NS} Hybridization between the Ligand p Band and Fe—3d Orbitals in
Takeda 155142 2019A3841 | BL23SU /WK TF#2 | the p-type Ferromagnetic Semiconductor (Ga,Fe)Sb
Naoyuki 102 (2020) 201981073 | BL02B2 Al EisE N .
R Al | in the Cl M LiM
40282 Katayama 081106(R) 2017A1053 BLO1B1 EL = obust Atomic Orbital in the Cluster Magnet LiMoO2
Zhenhong 102 (2020) = 4= Charge Disproportionation and Interchange Transitions in
40327 Tan 054404 2019B1757 | BL02B2 E RR Twelve-Layer BaFeOs
40349 Daisuke 102 (2020) 2019A4277 | BL12XU H.LE KAt | Charge-Transfer Energy in Iridates: A Hard X-ray Photoelectron
Takegami 045119 2019A4257 | BL12XU HLE K | Spectroscopy Study
2017B4254 | BL12XU A Ol
40427 | ToruHagiva | 102(2020) 2018A4253 | BL12XU #AH #IfF | Static Density Response Function Studied by Inelastic X-ray
98 | 054208 2018A4261 BL12XU AH ffE Scattering: Friedel Oscillations in Solid and Liquid Li
2018B4260 | BL12XU A Ol
Naoki 102 (2020) 201581343 | BL10XU B B | Strong Variant Selection Observed in the a—& Martensitic
40434 lshimatsu 054106 2016A1415 | BL39XU A Bfsf | Transition of Iron under Quasihydrostatic Compression along
2018A1267 | BL10XU ot B | 111k
Tomoki 102 (2020) Unveiling Spin-Dependent Unoccupied Electronic States of
1 B2
40444 Yoshikawa 064428 201883842 | BL2BSU A BX Co2MnGe (Ga) Film via Ge (Ga) L23 Absorption Spectroscopy
Takumi 102 (2020) e i Influence of Interfgce Layer Insertlon. on the Spin Seebeck
40548 . 2017A1318 | BL39XU 1A% Effect and the Spin Hall Magnetoresistance of YaFesO12/Pt
Niimura 094411 .
Bilayer Systems
Daisuke 102 (2020) - Thickness Dependence of Electronic Structures in VO2 Ultrathin
40556 Shiga 115114 201981248 BL47XU R [ Films: Suppression of the Cooperative Mott-Peierls Transition
40576 Kota Murota 101 (2020) 201981574 | BLA7XU 1| B Charge C?orl.'elatlon in V2OPO4 Probed by Hard X-ray
235159 Photoemission Spectroscopy
2018A1225 | BL25SU 15H 5
Kihiro T. 102 (2020) B B | Grbital Dependent Electric Fied Effect on Magnetismin
40584 Yamada 100407(R) 201580901 BL2SSU T A Ultrathin Cobalt
2015A0117 | BL25SU N\EF 185
Inorganic Chemistry-1
40138 Ran Liu 58 (2019) 2018A4501 BL15XU HLER —Rk Spin-Glass Magnetic Properties of A-Site Columnar-Ordered
14830-14841 2018B4502 | BL15XU Belik Alexei | Quadruple Perovskites Y2MnGa(MnsaxGax)Os2 with 0 < x< 3
59 (2020) 201884502 | BL15XU Belik Alexei | High-Pressure Synthesis, Crystal Structures, and Properties of
40139 Ran Liu 0065-9076 - . A-Site Columnar-Ordered Quadruple Perovskites
2019A4501 | BLI5XU | XN EE | NaRMnTuO: with R = Sm, Eu, Gd, Dy, Ho, Y
2015B1152 | BLO2B2 LI et
2019B1420 BLO2B2 b
lkuya 59 (2020) L ZEJ@ A Sequential Electron Doping for Quadruple Perovskite Oxides
40147 Yamada 8699-8706 201581879 BL14B2 LLER et ACusCos012(A=Ca, Y, Ce)
2019A1650 | BL14B2 | UM %t M S
201981830 | BL14B2 A
40335 | Takeshi 59 (2020) 2016A1068 | BL02B2 K5 # Titanium Hydride Complex BaCazTizH14 with 9-Fold
Yajima 4228-4233 2017B1146 | BL02B2 rE Coordination
201688012 BL3 A S
59 (2020) 2016A8026 BL3 | & | Charge Trapping Process in Photoexcited Nitrogen-Doped
40364 | KosukeSalo | 4,439 10449 | 2018AB004 | BL3 71| f5 | Tianium Oxides
201888003 BL3 A S
(2020) Online Understanding Doping Effects on Electronic Structures of Gold
40426 | Haru Hirai publication Jun. | 2019A1146 | BLO1B1 =% fEZHF | Superatoms: A Case Study of Diphosphine-Protected M@Aur.
11,2020 (M=Au, Pt I
Shunta 59 (2020 2015A1366 | BL04B2 B S | Structural Origin of Additional Infrared Transparency and
40431 S Y i ] 3; 151 3295 1 2018A1096 | BL04B2 /R BF Enhanced Glass-Forming Ability in Rare-Earth-Rich Borate
asd 2018A1251 | BLOAB2 | 15 2= | Glasses without B-O Networks
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Inorganic Chemistry-2

MAHRES F=E HESIEER Eriiie] E=LF1Y FEREEE Y14
Fumitaka 58 (2019) 201851099 BLO2S2 ﬁ); EEE Ba2ScHOs: H- Conductive Layered Oxyhydride with H- Site
40447 Takeiri 4431443 2016A1673 | BL19B2 B8 Bz Selecivity
2016B1767 | BL19B2 B8 s
40649 Hiroshi 59 (2020) 2019A5070 | BL16XU IR 1B Sodium Vapor-Induced Synthesis of Intermetallic PtsCe
ltahara 13583-13588 2019B5071 | BL16XU =#& BEF | Compound Nanoparticles
59 (2020) Synthesis of Three-Lay.er Pergvskite Oxynitricfe KzCazTa:.a(?gN-
40659 | YaTang 1112911128 2019B1106 | BL02B2 | M&H ZAER | 2H20 and Photocatalytic Activity for He Evolution under Visible
Light
Japanese Journal of Applied Physics
Noritake 59 (2020) 2017B5372 | BL16B2 T ﬁI:E? Determination of Zn-containing Sites in B-Gaz0s Film Grown
40124 lsomura 070900 2019A5371 BL16B2 BN B8 | through Mist Chemical Vapor Deposition via X-ray Absorption
201985371 | BL16B2 Tt BBE | Spectroscopy
40136 Kazunori 59 (2020) 2017A4601 | BL15XU A &54 | Band Alignment at Non-Polar AINMnS Interface Investigated
Kurishima SIG07 2019A4601 BL15XU A A by Hard X-ray Photoelectron Spectroscopy
2015B4603 | BL15XU RE &5
40137 Takahiro 59 (2020) 2017A4601 BL15XU A A Photoelectron Spectroscopic Study on Electronic State of
Nagata SIG12 2018A4601 BL15XU RHA &3 Corundum In203 Epitaxial Thin Film Grown by Mist-CVD
2018B4600 | BL15XU RE &5
Noritake 59 (2020) . X-ray Photgelec.tron Spectroscopy Insights qn Interfaces
40330 2019B5071 BL16XU =iE BT between SiO2 Films and GaN Substrates: Differences Due to
Isomura 090902 L .
Depositional Technique
2018A3589 | BL11XU | HEILKEF st
40345 | Selya Fuke 59 (2020) 201883589 | BL11XU HLEF Y&t | In-situ X-ray Diffraction Analysis of GaN Growth on Graphene-
070902 2019A3590 | BL11XU HELEF & | Covered Amorphous Substrates
201983588 | BL11XU | HEKES st
Synchrotron Radiation X-ray Diffraction Evidence for Nature of
Tomohiro 59 (2020 Chemical Bonds in BisTizO12 Ceramic Powders and Grain-
40385 Abe SP:DA04) 2019A0068 BLO2B2 S THET Orientation Mechanism of Their Films Formed by Aerosol
Deposition Method
40356 Sangwook | 59 (2020) 2019A0068 | BL02B2 & TEF | Electric-Field-Induced Structural Changes for Cubic System of
Kim SPPA05 2019A0159 BLO2B1 PR 558 Lead-Free and Lead-Based Perovskite-Type Oxides
Mina 59 (2020) Evaluation of Microemulsions Con.taining alarge Amognt ofa
40382 ) 2019A1225 | BL40B2 K 3=¢ | Deep Eutectic Solvent as a Potential Transdermal Carrier of
Sakuragi 095004
Resveratrol
40493 | Sota Asaki 59 (2020) 2018B1227 | BL02B2 It BX | Feroelectricity of Dion—Jacobson Layered Perovskites
SPPC04 2018A1152 | BLO2B2 FHN X | CsNdNb2O7 and RoNdNb2O7
2020A0176 | BL28B2 ESA}
2018A1100 | BL28B2 ESA} . . :
40564 XV:St:IrrL; gg 2(58.120) 201881078 BL28B2 e ::zgic:ggr; :tfe l:/lnultl-BIade Crystals for Hard-X-ray Multi-Beam
2019A1212 | BL28B2 ESA}
201981074 | BL28B2 K M
Applied Physics Letters-1
40167 Wassim 116 (2020) 2019A4909 | BL15XU | RenaultOlivier | Interface Chemistry of Pristine TiN/La:HfosZrosO2 Capacitors
Hamouda 252903
Hisato 116 (2020) Stru@ural Investigation of Ferroelectric BiFeOs—.BaTioa Solid
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201881341 | BL47XU IH #H&=
Sustainable Energy & Fuels
Dinesh 3(2019) Effects of Pt Metal Loading on the Atomic Restructure and
40366 Bhalothia 1668-1681 2018A4271 BL12XU | ChenTsan Yao | Oxygen Reduction Reaction Performance of Pt-cluster
Decorated Cu@Pd Electrocatalysts
Dinesh 4(2020) Sub-nanometer Pt Cluster Decoration Enhances the Oxygen
40369 ) 2018B4128 BL12B2 | ChenTsanYao | Reduction Reaction Performances of NiOx Supported Pd Nano-
Bhalothia 809-823
Islands
BB (Journal of Japan Institute of Light Metals) -1
Hiroki 70 (2020) 2014B1580 BL19B2 e WE Measurement of Dislocation Density Change during Tensile
40114 | dachi 274.980 2017A1817 | BL19B2 B3 Xt | Deformation in Coarse-Grained Aluminum by In-situ XRD
2018B1588 | BL19B2 BT K&t | Technique with Tester Oscillation
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Seunawon 67 (2017) Precipitation Structure and Mechanical Properties on Peak-
40606 Loe 9 162-167 2015A0076 | BL20XU FH #z | Aged A-Zn-Mg Alloys Including Different with Some Zn/Mg
Ratios
ACS Chemical Biology
2017B2718 | BL26B1 S MR
2018B2711 BL26B1 e
Rafaella 15 (2020) LR Characterization of Class IB Terpene Synthase: The First
40133 Stepanova 1517-1525 201982716 | BLASXU BRiE AR Crystal Structure Bound with a Substrate Surrogate
P 2017B2718 | BLAIXU | @B #eE | %
2018B2711 | BL41XU S MR
ACS Materials Letters
. 2(2020) . Doping Induces Structural Phase Transitions in All-Inorganic
40352 Ju-Ping Ma 367-375 2019B1056 BLO2B2 | SunHong-Tao Lead Halide Perovskite Nanocrystals
ACS Nano
2017A4605 | BL15XU A0 &=
Takaaki 14 (2020) = Ef On/Off Boundary of Photocatalytic Activity between Single- and
40661 Taniguchi 6663-6672 201684604 | BL1SXU R = Bilayer MoS2
9 2016A4604 | BL15XU EA % Y
Acta Crystallographica Section D
2016B2725 | BL26B1 EE &
2017A2554 | BL26B1 EE &
40534 Takeshi 76 (2020) 2017B2734 | BL41XU EA K% | Towards Cryogenic Neutron Crystallography on the Reduced
Hiromoto 946-953 2017A6744 | BL44XU EAR Hs2 | Form of [NiFel-hydrogenase
2017B6744 | BL44XU EE &
2019A1005 | BL41XU A S
Advanced Functional Materials
apazg | Seich 80(2020) 2019A1354 | BL4OB2 FE B | Nanodiamond Glass with Rubber Bond in Natural Rubber
Kawahara 1909791
Advanced Synthesis and Catalysis
(2020) Online ) - ! )
f ki-
40635 | AyaOhno | publication 2 2019A1791 | BL14B2 | i Aagm | A Convoluted Polyvinyipyricine-Palladium Catalyst for Suzukd
Miyaura Coupling and C—H Arylation
Sep. 2020
Advanced Theory and Simulations
Keishu 3(2020) 2016B1618 BLO2B2 255 1FHE Machirje—Le.arning Clustering 'Ijechpique Applie.d. to Powder X-
40483 ) Ray Diffraction Patterns to Distinguish Compositions of ThMn2-
Utimula 2000039 2017A1602 | BLO2B2 KE EE | Type Aloys
Aging
Catherine 11 (2019) o Age-Related Changes in Eye Lens Biomechanics, Morphology,
40383 Cheng 12497-12531 2018A1105 BL20B2 | Plersconek Batbara Refractive Index and Transparency
AIChE Journal
Kakeru 65 (2019) s2m = Influences of Particle Size and Crystallinity of Highly Loaded
40232 Fujiwara e16717 201851788 BL14B2 PH & Cu0O/ZrO2 on CO2 Hydrogenation to Methanol
AIP Advances
201681147 | BL20XU =E FH0
2016B1043 | BL37XU BE X
40572 Hidekazu 10 (2020) 2017A1288 | BL37XU =8 5F1 | Development of X-ray Phase Tomographic Microscope Based
Takano 095115 2017B1361 | BL37XU =% FF | on Talbot Interferometer at BL37XU, SPring-8
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Toshimori . Fast Deformation of Shocked Quartz and Implications for Planar
IS
40331 Sekine (2020) 2015A8065 BL3 BR AU Deformation Features Observed in Shocked Quartz
American Mineralogist
2017A1384 | BLO4B1 k& &t
i (2020) 2016B1111 | BLO4B1 RS B ) i i
40334 EEZI:O 10.2138/am- 2017B1267 | BL04B1 RS Bt Elrzsst's‘fjlrjar;)pertles and Structures of Pyrope Glass under High
2020-7410 2018A1302 | BLO4B1 s Bt
201881180 | BLO4B1 k& &t
Analytical Chemistry
2017A7611 | BL28XU | #AR 4R Aoplication of A ous X-rav Scattering Method o Liauid
40553 Koji Kimura 92(2020) 201787611 BL28XU TR S50 ElpeF():tI(rz;f(t):sOUs:c? ir:zclgjastte r?{occj :t:llT(?tur:I Aialy?sislil:;und
g 9956-0962 2018A7611 | BL2BXU | HAR Z5—EB . . v
— a Dilute Metallic lon
2019A7614 | BL28XU ZE S
Analytical Sciences
2018A3736 | BL22XU #K Bt | Unique Anion-exchange Properties of 3,3-Diaminobenzidine
Tomoya 35 (2019) - o - . .
40343 Suzuki 1353-1360 2018B3736 | BL22XU K £t Resulting in High Selectivity for Rhodium(lll) over Palladium(ll)
2019A3738 | BL22XU A B and Platinum(IV) in a Concentrated Hydrochloric Acid Solution
Antioxidants
40208 Masakazu 9 (2020) 2014A1040 BL38B1 2 F— Conformational Equilibrium of NADPH-Cytochrome P450
Sugishima 673 2014B6963 | BL44XU FH & Oxidoreductase Is Essential for Heme Oxygenase Reaction
Applied Sciences
Kosuk 10 (2020) 2017B1360 | BLOSW #K 2388 | Identifying the Degradation Mechanism in Commercial Lithium
40428 sﬁjﬂk? S50 2018A1320 | BLOBW #K 728 | Rechargeable Batteries via High-Energy X-ray Compton
201981668 | BLOSW $5K 7588 | Scattering Imaging
Applied Surface Science
Chi-Jung 469 (2019) . Agl-BlQI-graphene Composite Photocatalys?s with Enhar?ced
40344 2017B4125 BL12B2 Lin Yan-Gu Interfacial Charge Transfer and Photocatalytic H2 Production
Chang 703-712 .
Activity
Biomacromolecules
Hinako 21 (2020) = . Supramolecular Biocomposite Hydrogels Formed by Cellulose
40600 Tsuchiya 3936-3944 2020A1524 BLA3IR = HE and Host—Guest Polymers Assisted by Calcium lon Complexes
Bioorganic and Medicinal Chemistry Letters
aos73 | TUk@ 80 (2020) 201986913 | BL44XU | AT #E | Stuctural Basis for Producting Selective MAP2K? Inhibitors
Murakawa 127546
BioRxiv
(2019) Online 5 . .
40590 | Hasan published Apr. | 2017A8055 | BL3 | Demirci Hasan | COUPied Inter-subunitDynamics Enable the Fastest CO=
DeMirci fixation by Reductive Carboxylases
12,2019
Bulletin of the Chemical Society of Japan
40545 Takeshi 93 (2020) 201781831 BLAGXU 2R 18 MAIRS: Innovation of Molecular Orientation Analysis in a Thin
Hasegawa 1127-1138 Film
Carbon
Haruki 157 (2020) 2018A7214 | BLO3XU hl = Largg Apparent Intemgl D.eforn.1ation of Carbon Fibres under
40522 Tension Observed by in-situ Microbeam Small-Angle X-ray
Okuda 205-297 201887264 | BLO3XU HH 5=

Scattering
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Satoshi 123 (2019) - Ammonia-rich Combustion and Ammonia Combustive
402 2018A1182 BLO1B1 R - . .
4040 Hinokuma 64-68 018A118 0 ik Decomposition Properties of Various Supported Catalysts
Catalysts
201581308 | BLO1B1 7 58E)
2016A1455 | BLO1B1 ¥ Y5 | Solution X-Ray Absorption Spectroscopy (XAS) for Analysis of
40406 Kotohiro 9(2019) 2016B1509 | BLO1B1 5t 2L | Catalytically Active Species in Reactions with Ethylene by
Nomura 1016 2017A1512 | BLO1B1 R B Homogeneous (Imido)vanadium(V) Complexes—Al Cocatalyst
2018A1245 | BLO1B1 Pt ZJL | Systems
201881335 | BLO1B1 E TN
CCS Chemistry
2 (2020) 2018B1515 | BL44B2 Lin Kun Strong Coupling of Magnetism and Lattice Induces Near-Zero
40415 Wenijie Li Thermal Expansion over Broad Temperature Windows in
10091015 2019A1378 | BL44B2 LnKun | ErFesoVa.Mox Compounds
Chem
Masaki 2(2017) = A Low-Symmetry Cubic Mesophase of Dendronized CdS
40579 Matsubara 860-876 2013A7205 BLOSXU A Ik Nanoparticles and Their Structure-Dependent Photoluminescence
ChemCatChem
Saburo 12 (2020) — Excellent Catalytic Activity of a Pd-Promoted MnOx Catalyst for
Ml =
40340 Hosokawa 4276-7280 201781457 BLOTB1 Ml =8 Purifying Automotive Exhaust Gases
ChemElectroChem
Kazuki (2020) Online 2017B7610 | BL28XU | #VR &—HB
40570 . publication 28 Effects of the Film Formation on the Electrodeposition of Lithium
Yoshil Aug. 2020 2018A7610 | BL28XU | VR Z—£B
Chemical and Pharmaceutical Bulletin
40826 Hiroshi ljima 68 (2020) 201886870 | BL44XU RE 3% C.rysta.l Structure of Catechol O-Methyliransferase Complexed
447-451 with Nitecapone
Chemical Engineering Journal
Characterizing the Mechanisms of Gas-Phase Elemental
) Mercury Adsorption with lodine-Impregnated Activated Carbons
40393 \c(::gr(]:hao ng ?52220) 2018A1508 | BLO1B1 =i S | using Brunauer-Emmett-Teller Analysis, X-ray Diffraction, X-ray
9 Photoelectron Spectroscopy, and X-ray Absorption Near-Edge
Structure Analysis
Chemical Geology
40625 Kohei 550 (2020) 2018A1696 BL14B2 ilanil Removal Mechanisms of Cadmium by 8-MnO: in Adsorption
Suzuki 119744 2019B1867 | BL14B2 fm#E sE=th | and Coprecipitation Processes at pH 6
The Chemical Record
2013A7802 | BL36XU 5 R
2013A7803 | BL36XU 5 R
201387806 | BL36XU 5 R
2014A7801 | BL36XU 5 R
2014A7806 | BL36XU 5 R
2014B7804 | BL36XU aE B ) - !
e |Toron [ oo eome | s | SSELOX Sutn oty e s
Uruga 1444-1456 201587840 | BL36XU | &% B . " y
— — Operating Conditions
2016A7840 | BL36XU 5 R
2016B7840 | BL36XU 5 R
2017A7840 | BL36XU 5 R
201787840 | BL36XU 5 R
2018A7840 | BL36XU 5 R
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2017A7030 | BL33XU HS #
20170 Nobuaki 206 (2020) 201787030 | BL33XU HS Extraction of Component Bases from Mixed Spectra using Non-
Kikkawa 104096 2018A7030 | BL33XU HE f# Negative Matrix Factorization with Dissimilarity Regularization
201887030 | BL33XU HS #
ChemSusChem
) 2018A1349 | BLO1B1 JRH P& | Light-Intensity-Responsive Changes of Products in
Kazuhide 13 (2020) — . . . :
40135 Kamiva 3462-3468 2019A1394 | BLO1B1 e fF Photocatalytic Reduction of Nitrous Acid on a Cu-Doped
Y 2019B1159 | BLO1B1 A f1% | Covalent Triazine Framework—TiOz2 Hybrid
Communications Biology
TERF BL32XU
2014B1214 | BL32XU B £
40539 Hiroaki 3 (2020) 2015A1113 | BL32XU BEH 52 | Human Adiponectin Receptor AdipoR1 Assumes Closed and
Tanabe 446 2016B2720 | BL32XU b 5ARR Open Structures
2017B2715 BL32XU b 5ARR
2019A2546 BL32XU b 5ARR
Communications Materials
Kenjiro 1(2020) S Simultaneous Effect of Strain Rate and Humidity on the
40202 Yazawa 10 2019A1121 BL4OXU B =0 Structure and Mechanical Behavior of Spider Silk
Composites Part A: Applied Science and Manufacturing
Effect of the Interfacial Nanostructure on the Interlaminar
o 139 (2020) e Fracture Toughness and Damage Mechanisms of Directly
40575 | Hiroki Ota 106101 201881789 | BL14B2 B B Bonded Carbon Fiber Reinforced Thermoplastics and
Aluminum
Contributions to Mineralogy and Petrology
40358 Tomohiro 175 (2020) 2018B1052 | BL04B1 AM EfE | Switching from Seismic Fautting to Silent Slips in Harzburgite
Ohuchi 79 2015A0075 BLO4B1 AR #5 Induced by H20 Fluid at Upper Mantle Pressures
Corrosion Science
Tomohik 177 (2020) 201883681 | BL14B1 JHE BZ | Effects of Residual Stress and Plastic Strain on Hydrogen
40457 H‘c’).oo ° o 357 2017B3681 | BL14B1 | %L Z— | Embritiement of a Stretch-formed TRIP-aided Martensitic Steel
: 2019A3681 | BL14B1 5 B | Sheet
Current Opinion in Solid State and Materials Science
2019A1157 | BL20XU /)P TEAT
40398 Masakazu 24 (2020) 2018A1338 | BL47XU AN = 3D/4D Characterization of Strain Distribution Evolving within the
Kobayashi 100835 2017B1132 BL20XU JVR IEFD Microstructure during Plastic Deformation
2016A1061 | BL20XU /)P TEAT
Dalton Transactions
201581308 | BLO1B1 7 58E)
2016A1455 | BLO1B1 BFHJ 5 | Solution XANES and EXAFS Analysis of Active Species of
40007 | dunvi 49 (2020) 2016B1509 | BLO1B{ ¥ A | Titanium, Vanadium Complex Catalysts in Ethylene
8008-8028 2017A1512 | BLO1B1 R B Polymerisation/Dimerisation and Syndiospecific Styrene
2018A1245 | BLO1B1 E¥ht 257 | Polymerisation
201881335 | BLO1B1 BN BA
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2015A1731 | BL19B2 pes il
2016A1553 | BL19B2 pes il
2017A1775 | BL19B2 A& e
2017A1843 | BL19B2 pes il
2017B1924 | BL19B2 pes il
[ — in situ A- f
Watanabe | 477 2018A1789 | BL19B2 B0 Y 9
— Channel Flow Electrode Cell
2019A1819 | BL19B2 pes il
2019A1658 | BL19B2 pes il
2019B1717 | BL19B2 A& e
2020A1631 | BL19B2 pes il
2017A1826 | BL19B2 A& e
Electrochemistry Communication
2017A7610 | BL28XU | #AR 4R
40555 | Hisao Kiuchi 118 (2020) 2017B7610 | BL28XU TR R—BB | OperandoHard X-ray Photoelectron Spectroscopy of LiCoO2
106790 2018A7610 BL28XU AR 5—HFB | Thin Film in an All-Solid-State Lithium lon Battery
2018B7610 | BL28XU | #AR 4R
European Polymer Journal
Motofumi 134 (2020) . . Photoresponsive Polymeric Actuator Cross-Linked by an 8-
40801 | ey 109806 20201524 | BL4SIR i amed Polyhedral Oligomeric Silsesquioxane
Experimental Eye Research
Keh 197 (2020 201641096 | BL2OB2 |PersoonckBabardl ., ompaction is not Reqired for the Development of
40384 V\</aana ; 1081(12 ) 2017A1197 BL20B2 |Perscionek Barbara G?adi:nt Igaefraoctivz Isde)?glrjot‘iales(i)n thz E?nb ([))nic Chick Lens
9 2018A1105 | BL20B2 |Pierscionek Babara i
Fuel Processing Technology
40378 | Mi Betchaku 209 (2020) 2019A1827 | BL14B2 Alig & Reforming of Toluene with Simulated Automobile Exhaust Gas
106545 2019B1906 BL14B2 A& =R over Hydrotalcite-Like-Compound-Derived Ni Catalyst
Geochimica et Cosmochimica Acta
40363 Satoshi 274 (2020) 2017B1556 BLO1B1 JGE B Milimeter-Scale Topsoil Layer Blocks Arsenic Migration in
Mitsunobu 211-227 2015B1452 BLO1B1 FEHE B2 Flooded Paddy Soil
Geophysical Research Letters
2014B1435 | BLO4B1 HER
ch 47 (2020 201581509 | BLO4B1 HER
40585 Xuaowe” 623 o GL)O esc7y | 201681497 | BLO4BI F£F & | Sound Velocities of A-Bearing Phase D up to 22 GPa and 1300 K
2017B1549 | BLO4B1 HER
2018B1708 BL04B1 Xu Chaowen
Global Challenges
42020 2018A4128 BL12B2 Hsu Hua-Shu | Manipulated Optical Absorption and Accompanied Photocurrent
40480 Jun-Xiao Lin o éO 0 02; 2018B4130 BL12B2 Hsu Hua-Shu | Using Magnetic Field in Charger Transfer Engineered C/ZnO
2019A4127 | BL12B2 | HsuHua-Shu | Nanowires
GSA Bulletin
Teruyuki 132 (2020) - Enrichment of Chalcophile Elements in Seawater
@ B& )
40475 Maruoka 2055-2066 201181257 BL37XU ki Accompanying the End-Cretaceous Impact Event
High Pressure Research
(2020) Published Elasticity of Single-Crystal NaCl under High-Pressure:
40388 Hiroshi Fukui | online: 17 Aug. 2018A1060 | BL35XU KH B Simultaneous Measurement of X-ray Inelastic Scattering and
2020 Diffraction
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2014A1710 | BL20B2 |Pierscionek Barbara ] o .
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9 2016A1096 | BL2OB2 |Pierscionek Babara o Y
International Journal of Heat and Mass Transfer
2017A7033 | BL33XU R 8 ) . )
sorzs | Smsdke | 150020y [oorreross | musoxu | st | CHee TR S AT e R
Hashimoto | 120081 2018A7033 | BL3OXU | g | | OO yesby v
201987035 | BL33XU K HRER 9na
International Journal of Metalcasting
2017A1337 | BL20XU ZH FE
40432 Kiattisaksri 14 (2020) 2018A1465 | BL28B2 ZH FF Time Evolution of Solidification Structure in Ductile Cast Iron
Chatcharit 794-801 2018A1322 BL20B2 211 B with Hypereutectic Compositions
2019A1553 | BL20B2 2L BB
International Journal of Molecular Sciences
40474 ::iLu:lko i:) 352020) 2009B7003 | BL33XU N e S Fe2+ lons Alleviate the Symptom of Citrus Greening Disease

IOP Conference Series: Materials Science and Engineering

Mingyan 580 (2019) . Extraction of Grain Boundary Curvature from Voxel-based
40237 Wang 012048 20151580 BL20XU Kl Car Representations of Polycrystalline Microstructures
IUCrJ
40515 Akinobu 7 (2020) 2016A8057 BL3 AR Characterizing Crystalline Defects in Single Nanoparticles from
Niozu 276-286 2016B8077 BL3 A R Angular Correlations of Single-Shot Diffracted X-rays
Journal of Applied Polymer Science
! 2018A1179 | BL43IR HEE 5
N (2020) Online = ) " ’ . L
40546 Akitoshi publication 7 2018B1156 BL43IR WE R Evaluation of Hydrophilic Cellulose Nanofiber Dispersions in a
Morita Sep. 2020 2019A1185 | BL43IR WE 5 Hydrophobic Isotactic Polypropylene Composite
ep. 20 201781108 | BL40B2 T &
Journal of Chemical Engineering of Japan
Katsuki 53 (2020) ~ Co-Oligomerization of Electroconductive Monomers in a
40640 Kusakabe 504-508 2018A1671 BL40B2 K R Cyclodextrin-Based Metal-Organic Framework
Journal of Controlled Release
324 (2020) 2019B1207 | BL40B2 5 B8 | Synthesis and Characterization of Nanoemulsion-Mediated
40509 | Jun Matsuno 405412 2018B139%6 | BL40B2 18 F5A Core Crosslinked Nanoparticles, and in vivo Pharmacokinetics
2018A1454 | BL40B2 1 F0RA Depending on the Structural Characteristics
Journal of Crystal Growth
40488 Osamu 548 (2020) 2017B1237 | BLO1B1 =K fREF | Structural Evaluation of Low-Temperature-Grown InGaAs
Ueda 125852 2018A1439 | BL02B2 =K REF | Crystals on (00 1) InP Substrates
Journal of Energy Storage
2017A4906 | BL15XU N
Kazuki 32 (2020) L p— Thermal Safety Diagram for Lithium-ion Battery using Single-
40632 Chiba 101775 201674901 BL15XU R B Crystal and Polycrystalline Particles LiNiosCoo.1Mno.1O
2016B4903 | BLISXU | @\ B 4 vew osorfinost
Journal of Hazardous Materials
201581256 | BLO1B1 R 5
Yusuke 403 (2021) %:: P Bromination of Carbon and Formation of PBDD/Fs by Copper
40593 Kojima 123878 201651207 BLOTB B Bromide in Oxidative Thermal Process
i 2018A1346 | BLO1B1 B =
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2019A1719 | BL46XU eI =7
2019A1781 | BL46XU eI =7
40443 Hiroyuki 8 (2020) 2019B1870 | BL46XU %4l B2 | Gradient Band Structure: High Performance Perovskite Solar
Kanda 17113-17119 2019A1708 BL19B2 it MERR Cells using Poly(bisphenol A anhydride-co-1,3-phenylenediamine)
2019A1774 | BL19B2 i MR
2019B1865 | BL19B2 i MR
Journal of Materials Chemistry B
40492 Atsuomi 8 (2020) 2015A1748 | BL40B2 A& 1A Mesoscopic Heterogeneity in a Nanocellulose-Containing Cell
Shundo 4570-4574 2015B1665 BL40B2 KE IEA Storage Medium
Journal of Materials Chemistry C
Shun 8 (2020) Crystal Structure, Electronic Structure and Thermoelectric
40118 ) 2015A1184 | BL02B2 = Properties of - and y-ZnsSbs Thermoelectrics: a (3 + 1)-
Yoshioka 9205-9212 ) .
dimensional Superspace Group Approach
Journal of Microbes and Infections
. 11 (2016) . . .
40621 Rui Sun 234939 2013A1275 | BL41XU ZhangWen | Ribosome Preparation from Mycobacteria
Journal of Mineralogical and Petrological Sciences
Yoshinari 115 (2020) (G Structure Changes of Nanocrystalline Mackinawite under
40353 Sano 261-275 201883633 BL14B1 i Hydrothermal Conditions
Journal of Molecular Liquids
314 (2020) 2017B1246 | BL0O4B2 | TemleimerLaszlo| Temperature-Dependent Structure of Methanol-Water Mixtures
40113 lidik6 Pethes on Cooling: X-ray and Neutron Diffraction and Molecular
113664 2018A1132 | BLO4B2 | TemleinerL4sZ6 | pynamics Simulations
Journal of Physics: Condensed Matter
Masanori 32 (2020) Peculiar Temperature Dependence of Dynamical Sound Speed
40341 Inui 214003 2016A1200 | BL35XU % ¥t in Liquid SesoTeso by Inelastic X-ray Scattering
Journal of The Electrochemical Society
2018A7603 BL28XU AR B . . . .
e | Mo | o7 v | etz |t | Qe s oo G
Kawasaki | 120518 2019A7613 | BL28XU | % B& | . > DY Sym
a——— Nuclear Magnetic Resonance
201987613 | BL28XU TE S
Journal of the Japan Petroleum Institute
Yasutaka 63 (2020) 2016A1057 | BLO1B1 2E &g Decar‘f)onylatlon of Euﬁural to Furan over 'I'ltanla-s.upported
40375 Kuwah 204.012 Palladium Nanoparticles Prepared by a Photo-assisted
uwahara | 204-21 2018A1089 | BLO1B1 R %% | Deposiion Method
Journal of the Optical Society of America A
2014A1710 BL20B2 | Pierscionek Barb:
Kehao 36 (2019) !ersc!one a2 Contributions of Shape and Stiffness to Accommodative Loss in
40380 Wan, B116-B122 20151864 BL20B2 _|Pierscionek Barbara the Ageing Human Lens: A Finite Element Model Assessment
9 2016A1096 | BL20B2 |PiersconekBabaral - oo '
Journal of Thermal Analysis and Calorimetry
. (2020) Online . . ) "
Gen-ichiro ) o In situ and ex situ Studies on Thermal Decomposition Process
EEY
40357 Yamamoto ggzll)shed 1Apr. | 2018A3633 BL14B1 e of Hydromagnesite Mgs(COs)4(OH)2-4H20
JVS: Vascular Science
2015A1581 BL20B2 8 B
Koki 1 (2020) S capp Synchrotron Radiation-Based X-ray Phase-Contrast Imaging of
40185 Yokawa 81-91 2016A1186 BL20B2 SR R the Aortic Walls in Acute Aortic Dissection
201581491 | BL20B2 EEIgT
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40057 Mitsuhiro 385 (2019) 2015A7210 | BLO3XU FR L | Phenolic Resins — Recent Progress of Structure and Properties
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Materialia
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13 (2020) Crystal Structure and Thermoelectric Transport Properties of
40346 | Kota Morino 2164 2019B1195 | BL02B2 %k BN | As-Doped Layered Pnictogen Oxyselenides
NdOosFo2Sb1-xAsxSez
Materials Characterization
2017A1110 | BL20B2 T A
2017B1116 | BL20B2 kS
Tomoya 167 (2020) B At Time-resolved X-ray Imaging of Solidification Cracking for Al-Cu
40134 Nagira 110469 201781117 | BL20XU HIER At Alloy at the Weld Crater
9 2018A1110 | BL2OXU | 41 AHb Y
2018A1111 | BL20XU T A
Materials Chemistry Frontiers
40663 Oruganti 2(2018) 2017A4602 | BL15XU FARE s | Light-Promoted Conversion of Greenhouse Gases over
Anjaneyulu | 580-584 2016B4600 | BL15XU RrTsR ks Plasmonic Meta—Carbide Nanocomposite Catalysts
Materials Letters
40201 Hiroshi 277 (2020) 2017A7024 | BL33XU EE F= Microstructure of a Solid Oxide Fuel Cell by Microbeam X-Ray
Nozaki 128383 2017B7024 | BL33XU WE FiZ Diffraction
Materials Science and Engineering A
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 them in the trash to prevent infection.
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