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Long-term Proposal Report
XMCD study of capped ZnO Nanoparticles:
The quest of the origin of magnetism

J. Chaboy!, C. Guglieri', M. A. Laguna-Marco!, N. Carmona?, E. Céspedes>, A. Espinosa’,
M. Garcia-Herndndez3, M. A. Garcia®.
nstituto de Ciencia de Materiales de Aragén, CSIC-Un. Zaragoza, 50009 Zaragoza, Spain,
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Jnstituto de Ciencia de Materiales de Madrid, CSIC, Cantoblanco 28049 Madrid, Spain,
“Instituto de Cerdmica y Vidrio, CSIC, Madrid 28049, Spain.

Abstract

Discoveries of room-temperature ferromagnetism (RTFM) in diluted magnetic oxides and semiconductors hold
great promise in future spintronics technologies. Unfortunately, this ferromagnetism remains poorly understood and
the debate concerning the nature of ferromagnetism in semiconducting oxides is still open. Here, we demonstrate
by using X-ray absorption (XAS) and X-ray magnetic circular dichroism (XMCD) the intrinsic occurrence of RTFM
in these systems and point out that it is not related to the metallic cation but it relays on the conduction band of the
semiconductor. We present here direct experimental evidence of the magnetic polarization of Zn atoms in ZnO
nanoparticles capped with different organic molecules and on ZnS/ZnO heterostructures. The analysis of both XAS and
XMCD spectra indicates the formation of a well defined interface between ZnO and the capping molecule in which the
exotic magnetism resides. The occurrence of ferromagnetism does not critically depend on the details of the synthesis
but on the formation of a pristine ZnS/ZnO interface. These results provide an avenue to explain the surprising results
found in this field, sometimes seemingly irreconcilable, ending the longstanding controversy about the existence of
intrinsic RTFM in ZnO-based systems. Moreover, they provide new insights to finally establish the mechanism that sets
on the ferromagnetic order in these systems and bringing support to this new route for room-temperature semiconductor

spintronics.

1. Introduction

One of the main goals of material science nowadays is
the development of multifunctional materials combining
properties that do not stand together in traditional
materials. For instance, the coexistence of semiconductor
properties (basis of the microprocessors) and room
temperature ferromagnetism (as non volatile memories)
in a single material will push the development of new
and optoelectronic devices with higher reliability and
lower power consumption. In the past thirteen years, a
great deal of effort has been put into the investigation
of the mechanisms behind the ferromagnetism in dilute
magnetic semiconductors (DMSs), dilute magnetic
oxides (DMOs) and even for materials containing no
transition-metal impurities, for which a ferromagnetic

response persisting up to above room temperature (RTFM)
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has been reported even when no ferromagnetism was
expected at any temperaturel'(’.

Despite some initial promising results, it is not
clear if those materials are intrinsically ferromagnetic
and nowadays the situation is confusing. Still, after
more than ten years of intense research, the origin of
ferromagnetism in these systems remains a controversial
issue from both theoretical” and experimental points of
view!”®?. Most reported evidences of room-temperature
ferromagnetism are based on macroscopic magnetometry
results. Unfortunately, in many cases no exhaustive
characterization of the materials has been made at the
microscopic level so that the ferromagnetism might be
likely due to extrinsic effects as magnetic contamination
or magnetic secondary-phase formation'>"'°. This points
the need of using more sophisticated characterization



tools able to provide atom-specific magnetic properties
and a detailed view of the local structure of the systems
under study. The accumulated experience so far dictates
the need of using atom-specific structural and magnetic
probes as X-ray magnetic circular dichroism (XMCD)
and X-ray absorption spectroscopy (XAS) to elucidate
the intrinsic nature of the RTEM behaviour'' "2,
Application of these advanced tools to the study of
C0:ZnO DMOs reveals'' that the RTFM found in bulk
magnetization measurements was not due to Co, whose 3d
states show paramagnetic behaviour according to XMCD.
Similar results were found in the case of Cu-doped
ZnO thin films, which display robust room-temperature
ferromagnetic signatures using bulk magnetization
probes. Keavney and coworkers probed the XMCD at the
Cu(3d), O(2p), and Zn(3d) states. They found no dichroic
signal consistent with ferromagnetism originating from
any of these states: only a paramagnetic component was
detected at the Cu(3d), and no magnetic signal in the O or
Zn".

3d electronic shells of the cations in these DMOs do not

The experimental findings demonstrating that the

carry any measurable ferromagnetic moment, contrary
to what is usually assumed in the theoretical models
proposed, go in line with Coey’s wondering regarding “if
the dilute doping of the oxides with magnetic cations may
be something of a smokescreen as far as the magnetism is
concerned.”'* This led to a renewed interest in the field
after the observation of ferromagnetism in semiconductor
and insulating oxide nanostructures without any doping
despite the diamagnetic character of the material in
bulk®1517.

In the particular case of ZnO nanoparticles (NPs),
it was demonstrated that it is possible to induce room-
temperature ferromagnetic-like (FML) behaviour in
these ZnO nanoparticles by capping them with different
molecules'’. These results were interpreted in terms of
a correlation between the charge transfer produced by
the surface bond and the magnetic moment, proposing
that their magnetism is related to the modification of the
electronic structure of the nanoparticles due to the bonds
with the molecules. By this reason, the study of the
appearance of magnetism in nanoparticles of materials
without doping that are non magnetic in bulk is essential
to establish on firmer grounds the intrinsic nature of this

new high-temperature magnetism. Indeed, elucidation

of its origins has been cited as among the most important
problems in magnetism to have emerged in several
years 18,

Aimed to this we started this long-term study focussed
on the magnetic behaviour of ZnO nanoparticles capped
with different organic molecules, showing magnetic
properties ranging from pure diamagnetism to the
appearance of a ferromagnetic-like contribution. Our
main objective is to provide a full characterization of
this new magnetic behaviour, i.e., how the alteration of
the electronic structure of the semiconductor by capping
with certain molecules can lead to the appearance of RT
ferromagnetic behaviour even in absence of magnetic
ions.

To this end, we have performed a systematic X-ray
magnetic circular dichroism (XMCD) study at the K-edge
of Zn in ZnO nanoparticles. The XMCD spectra have
been recorded as a function of the applied magnetic
field and temperature on different ZnO-based systems
that have been tailored by varying: i) the capping
molecules, ii) the size of the nanoparticle, and iii) the
nature (order-disorder) of the interface formed in the
bonding between the NP. This long-term proposal was
intended to solve the following questions: i) which are
the atoms responsible for the observed magnetism?, and
ii) where (ZnO particle, surface, bonded interface) is this

magnetism located?

2. Experimental Methods

ZnO NPs were prepared by sol-gel and subsequently
capped with three different organic molecules:
tryoctylphosphine (TOPO), dodecylamine (AMINE),
and dodecanethiol (THIOL), which bond to the particle
surface through an O, N, and S atom, respectively. The
samples were prepared in several series, each series using
the same starting solution, by varying the time at which
the capping agent is added. In order to investigate the role
of ZnO/ZnS interfaces, two ZnO-ZnS multilayers, labeled
(ZnOy,,,/ZnS )10 and ZnO,,, . /ZnS,  ),,. Finally, a Zn-
O-S thin film (ZnS/Zn0O-50/50) was prepared by RF co-
sputtering. A detailed description of the samples and
preparation method as well their characterization (XRD,
HRTEM, EDX, SQUID magnetometry) can be found
elsewhere'”?!. Zn K-edge XAS and XMCD experiments
were performed at the beamline BL39XU of the SPring-8
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Facility. The experiments were carried out at fixed
temperatures, ranging from T = 5 K to ambient and under
an applied magnetic field of up 10 T. XMCD spectra
of the nanoparticles and bulk ZnO and ZnS reference
samples were recorded in the transmission mode by using
the helicity-modulation technique. We have verified in
all of the cases that the recorded spectra are not affected
by the long beam-exposure time needed. Moreover,
these measurements have been accumulated through a
three year period on the same samples and specimens.
No modification of both XAS and XMCD spectra has
been found on the same specimens measured at the initial
run and along a three years period, either in different
specimens prepared from the same sample, which proves

the stability of the synthesized samples.
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3. Results

In order to investigate the origin of the ferromagnetic
signals measured with the SQUID, we have performed
a combined study of XAS and XMCD on the Zn K
edge in the same samples. It should be noted that the
element specificity of XMCD guarantees the absence of
extrinsic contributions to the measured magnetic signals.
Figure 2 reports the XAS and XMCD spectra recorded
at the Zn L, ; edges of the AMINE sample. No XMCD
signal could be observed in the measured energy region,
down to the noise level, in agreement with previous

works'"1?

. In contrast, a clear XMCD signal is found
at the Zn K-edge (Fig.3). These results unambiguously
prove that the 3d electronic shells of Zn do not carry any
measurable ferromagnetic moment and that the presence
of defects and vacancies do not yield a partially unfilled

magnetically polarized 3d shell. It should be noted that if
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Fig. 1: (a) Magnetization vs applied magnetic field curves of the dodecanethiol-capped ZnO
NPs (12C-2 series) measured at T = 250 K, after subtracting the diamagnetic linear
background. Samples are labeled as t,44-12-batch, where t,44 is the time after adding
the TMAH and before adding the organic molecule, nC (n = 4, 8 and 12) the number of
carbons of the molecule, and -batch indicates the batch of synthesis (see Ref. 21 for
further details). (b) Magnetization curves of the (ZnO,,/ZnS4,m)10 thin film measured
at T =5 K and at room temperature. (c,d) The same as that described above in the
case of the bulk ZnO reference and of the ZnS/Zn0O-50/50 sample obtained by ZnS-ZnO
cosputtering. The inset in panel c) show the same in the case of a ZnO single crystal.
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the polarization of the Zn p states is due to the existence
of a 3d Zn magnetic moment the XMCD effect at the
Zn L, ; edges would be well above the detection limit.
This result evidences, on the one hand, the intrinsic
nature of the magnetism of Zn atoms in these capped
ZnO NPs. Moreover, as the x-ray absorption at the Zn
K-edge probes the empty p states of Zn (actually 4sp
due to hybridization) this result also indicates that the
magnetic polarization of the Zn atoms takes place at the
sp conduction band, i.e., it is p magnetism. Therefore,
the absence of XMCD signal at the Zn L, ; edges cannot
be identified with the absence of Zn magnetization but
only of 3d Zn magnetic moments. Indeed, if the observed
magnetism is associated with the creation of oxygen 2p
holes, the sp band of Zn should be also concerned due to
the hybridization of both orbitals in ZnO. Hence, the Zn
K-edge XMCD should directly reflect, in agreement with
our findings, the magnetic polarization of these electronic

states.

5
N
E)
-

»

&

.
o
o

Q
o

=]
o
T
.
B
1

{
/
s 3d-magnetism

o DR

b
o
T

% 0 DS e S
e /Vbrc 5
)

¢ ‘ ) XMCD x 100

1 L 1 1 1 1 1 1
-20 -10 0 10 20 30 40 50

E-E, (eV)

Normalised Absorption (arb. units)

Fig. 2: XAS and XMCD Zn L, ;-edges spectra of
AMINE ZnO nanoparticles recorded at
T=10 K with an applied magnetic field of 5 T.

The dependence of the Zn K-edge XMCD signals as
a function of the external magnetic field, XMCD(H), for
THIOL and TOPO samples is shown in Figure 3. The
spectral shape of the XMCD signals of the O- (TOPO)
and N- (AMINE) capped nanoparticles shows a narrow
positive peak in correspondence to the maximum of the
XAS absorption. In contrast, this main peak broadens
in the case of THIOL, appearing to be composed of two
superimposed single peaks. Each of these contributions
occurs close to the energy at which the main peaks (A,

B) of the XAS spectra appear. The enhancement of peak
A in THIOL with respect to TOPO or AMINE has been
addressed to charge transfer effects involving S and
Zn, as well as to the presence of vacancies and defects.
However, the possibility of standing in front of a simple
structural effect has not been tested. Therefore, we have
investigated the possible formation of a ZnS-like phase
during the capping of ZnO with dodecanethiol molecules
by performing detailed ab-initio computations of the Zn
K-edge XANES spectra of these ZnO nanoparticles. To
this end we have considered different local structure of
the Zn atoms in the inner part of the NP and those at the
surface, where the bonding with the capping molecule
takes place. Therefore, we have computed the Zn
K-edge XANES spectrum for ZnO and for ZnO clusters
in which several O atoms have been substituted by S.
Finally, we have also considered the possibility that
the Zn-S coordination extends beyond a single bond,
leading to the formation of small Zn-S clusters at the
nanoparticle-organic molecule interface. The results of
the calculations demonstrate that the interaction of the
ZnO NP with the THIOL does not correspond to a simple
bonding effect in which one oxygen atom is substituted
by a sulphur one, but the local environment of the Zn
atoms is strongly modified. The best agreement with
the experimental spectra (see Figure 4) is obtained by
considering the formation of a ZnS/ZnO interface at the
surface of the ZnO nanoparticles in which the oxygen
atoms are substituted by sulfur ones, which adapt the

7n-S interatomic distance to that of ZnS*2.
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Fig. 3: Comparison of the normalized Zn K-edge XMCD
spectra recorded as a function of the applied
magnetic field at T = 5 K in the case of TOPO
and THIOL samples, as well as their difference.
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Fig. 4: Comparison of the experimental Zn K-edge
XANES spectra of bulk ZnO (e) and thiol
sample (0) and the theoretical signal
computed for an 8 A ZnO cluster in which the
oxygen atoms (@) in the first coordination
shell have been progressively substituted
by S atoms (0) at the the Zn-S interatomic
distance corresponding to ZnS-W.

Finally, we have also investigated the role of
vacancies and defects on the XAS spectra. Surprisingly,
based on similar experimental spectra, different authors
report opposing conclusions regarding the nature of
defects involved in the observed RTFM. Hsu er al.”
have concluded that oxygen vacancies enhance RT
ferromagnetism in Co-doped ZnO films while, in
contrast, Yan et al 2% concluded that Zn vacancies induce
RT ferromagnetism in Mn doped ZnO. This scenario is
further complicated by the results of Zhang er al.*®> who
concluded from similar data that the aforesaid oxygen
vacancies are located in the second shell around the
magnetic ions. These results pose serious doubts about
the real capability of XAS to determine the presence of
vacancies in these systems and, consequently, to shed
light on the origin of the magnetism in these systems.
Therefore, we have performed a detailed ab-initio study
aimed at verifying the role of vacancies in modifying
the XANES spectral shape of these systems. Our results
demonstrated®® that the effects induced by vacancies
become undetectable in the XANES spectra when the
vacancies are randomly distributed (see Figure 5).

All in all these results demonstrate the formation
of a well-defined ZnS interface at the surface of the
nanoparticle in which ZnS adopts the local structure of
wurtzite, disregarding the possibility that the capping
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Fig. 5: Comparison of the theoretical Zn K-edge
XANES spectrum of ZnO-wurtzite (black,
solid line) and those calculated by considering
the existence of oxygen vacancies (Vo in the
first coordination shell of photoabsorbing Zn
and by assuming a binomial distribution of
the oxygen vacancies with different defect
concentrations: no vacancies (black, solid
line), 5% (red, dotted), 10% (green, dashed),
20% (blue, dotted—dashed) and 30% (cyan,
short dotted—dashed—dotted)).

leads to the formation of single Zn-S bonds at the surface
of the nanoparticle. Accordingly, the two-peak XMCD
spectral shape observed for the S-capped sample, by
contrast to the single-peak one of both N-capped and
O-capped samples, is related to the magnetic polarization
of Zn atoms in two well-defined ZnS and ZnO regions
of the sample (see Figure 6), suggesting that the exotic
magnetism observed for these NPs is related to this
interface, whose details (thickness, interpenetration, etc.)
should determine the particular magnetic properties of
each system.

Aimed to verifying the above hypothesis we have
extended the XMCD study to ZnO NPs capped no only
with dodecanethiol (12 C), but also by varying the length
of the carbon chain (butanethiol, 4C, and octanethiol,
8C). Moreover, we have also studied different ZnS/ZnO
thin films. In all the cases, the XMCD spectra show
the typical two-peak profile discussed above and, in
addition, the dependence of the intensity of both peaks
with the applied magnetic field is different. Having
no 3d localized moment in the materials and since the
observed Zn K-edge XMCD signals do not depend, both

in shape and amplitude, on temperature, they can be only
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Fig. 6: Scheme of the proposed formation of an interface between the core and the surface of the ZnO
nanoparticles capped with the organic molecules in the case of THIOL and TOPO samples.

due to Pauli paramagnetism or to a ferro(i)- magnetic
contribution. In this regard, it should be noted that the
fact that the XMCD signals do not depend on temperature
excludes the occurrence of a Curie—Weiss paramagnetic
(CWP) Zn contribution in these orbitals. The dependence
of the XMCD intensity with the applied magnetic field
should be linear if it is due to Pauli paramagnetism (PP)
for the studied range of magnetic fields, while it should
depart from linearity if a ferromagnetic contribution is
present. The expected linearity of the PP contribution has
been verified in the case of reference ZnS and ZnO bulk
samples. In contrast, the XMCD versus H deviates from
a linear trend for H = 4 T in the capped ZnO NPs (Figure
7). As expected, due to the existence of a ZnS/ZnO
interface, the behaviour of THIOL is more complex and
the dependence of the XMCD spectra with the applied
magnetic field shows the coexistence of both types of
magnetic behaviour. In particular, the low-energy peak
(p;), ascribed to the ZnS-like component, exhibits a
linear XMCD vs H dependence, as expected for a PP
contribution, whereas the high-energy component (p,),
ascribed to the ZnO, shows a saturation trend suggesting
the existence of a ferromagnetic contribution. These
results are in agreement with the behaviour of the integral
of the XMCD signals performed in the energy range from
—5.51t0 20.5 eV, as shown in the inset of Figure 7.
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Fig. 7: Comparison of the normalized Zn K-edge XAS
and XMCD spectra of dodecanethiol-capped
20-12C-1 recorded at T = 5 K and at different
applied magnetic fields. The inset shows the
variation with the applied magnetic field of the
integrated XMCD corresponding to peaks p1 and
p2 (see text for details).

All of these results are an unambiguous proof of
the existence of an intrinsic FML behaviour in these
capped ZnO NPs. The fact that this saturated signal
is overimposed to a paramagnetic one suggests that
the magnetic response is not the same for all Zn atoms
in the material. It should be noted in this respect that

Zn K-edge X-ray absorption measurements, XAS and
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XMCD, probe all Zn atoms in the material, that is, both
at the core and at the surface of the NPs. The fact that
the paramagnetic contribution to the XMCD signal
dominates over the ferromagnetic one suggests that
the latter is confined near the surface or at the interface
formed between the ZnO NP and the capping molecule.
Beyond the results indicating that the ZnS-like part
of the sample does not contribute to FML behaviour,
the detailed analysis of the XAS and XMCD spectra20
indicate that the FML XMCD signal stems from a ~ 5
to 15% of the total amount of Zn atoms in the material.
Taking into account that the size of the NPs is ~ 20 nm,
we estimate that the FML behavior arises from a 3 to 8
A thickness region. This has been further verified in the
case of ZnO/ZnS multilayers in which the thickness of
each ZnS and ZnO layer is 2 and 4 nm. According to
our hypothesis the bulk-like ZnO and ZnS contribution
to both the XANES and XMCD and, consequently, the
paramagnetic component associated with the core should
decrease, whereas the FML contribution of the interface
should maximize. Therefore, the XMCD spectra will be
directly comparable to the FML contribution extracted
from the XMCD of the capped NPs after renormalization
to the relative percentage of the interface. The result of
the comparison, reported in Ref. 20, is in agreement with
our starting hypothesis.
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Fig. 8: Comparison of the XMCD spectra recorded
at H =10 T on the (ZnO4,m/ZNS4nm)10
heterostructure and on the ZnS-ZnO
cosputtered sample.

We have finally studied another parameter playing
a significant role in the description of the synthesized

220 SPring-8 Information ./ Vol.18 No.3 AUGUST 2013

nanoparticles, i.e. the degree of crystallinity. In this
regard, the degree of definition of peaks A and B as well
as the modification affecting the three-peak structure
just above the main absorption peak (see Figure 5) is
of particular significance. This D-spectral feature is
characteristic of the wurtzite-ZnO crystal structure,
and it is very sensitive to small modifications of the
local structure around Zn. As shown in Figure 8, the
Zn K-edge XANES spectrum of the (ZnOy,,/ZnS 4,10
heterostructure shows a profile very similar to that
of bulk ZnO, in agreement with the high crystallinity
and the formation of neat interfaces derived from
X-Ray Reflectivity (XRR). In contrast, the spectrum
of the Zn—O-S film prepared by copsuttering does not
exhibit the characteristic spectral features of w-ZnS
or w-ZnO systems but a rounded maximum indicating
the amorphous character of the sample. Besides, while
a nonzero XMCD signal is found in the case of the
heterostructures, no detectable XMCD and thus no hint
of saturation was found in the case of the sample made
by cosputtering. These results confirm the need for
pristine ZnS—ZnO interfaces to obtain FML behaviour
in these systems. These results suggest that the higher
crystallinity of the ZnO core would lead to the formation
of a highly ordered interface between the ZnO core and
the ZnS shell yielding an FML—-ZnO contribution.

4. Conclusion

Through the course of this long-term study we have
performed an extensive study of the ZnO NPs capped
with different molecules and of ZnS/ZnO heterostructures
by using different experimental techniques. The X-ray
magnetic circular dichroism results demonstrated that the
magnetism in these materials is intrinsic and relays in the
ZnO conduction band. Moreover, both X-ray absorption
spectroscopy (XAS) and XMCD signals pointed out the
formation of a well defined interface between ZnO and
the capping molecule in which the exotic magnetism
arises at the hybridized band formed among Zn and
the bonding atom of the molecule. Accordingly, the
occurrence of magnetism should be related to the
structural modification at the interface between the NPs
and the molecules rather to the specific electronegativity
of the atoms involved in the bonds at this interface.

The structural modifications occurring in ZnO



nanoparticles when they are capped with organic
molecules were studied by means of XANES at the
Zn K-edge. In the case of thiol-capped samples, the
comparison of the experimental spectra and ab-initio
computations indicated the formation of a well defined
ZnS interface at the surface of the nanoparticle in which
ZnS adopts the local structure of wurtzite. These findings
suggested that the exotic magnetism observed for these
NPs is related to this interface, whose details should
determine the particular magnetic properties of each
system. In this way, it would be possible to reconcile
previous contradictory reports on the magnetism of
seemingly identical materials in terms of the formation
Further XAS and XMCD studies

provide the demonstration that the modification of

of this interface.

the surface of ZnO nanoparticles through the capping
with organic molecules enables the development of
ferromagnetic behaviour up to room temperature. The
analysis of the XMCD spectra indicates the coexistence
of both Pauli paramagnetism (hindered by diamagnetism
to macroscopic magnetometry tools) and intrinsic
ferromagnetism in the samples. The contribution of the
PP to the XMCD stems form the wurtzite-like ZnS and
ZnO ordered regions of the sample while ferromagnetism
originates at the interface formed between the ZnS
shell and the ZnO core. Zn K-edge XMCD vs. H
measurements reveal, from the observed saturation at
moderate applied fields, an intrinsic ferromagnetic-like
contribution stemming from the formed interface that is
estimated to extent over 3 to 8 A depending the capping
molecule. Our results also indicate that within this
interface ferromagnetism is favoured in those regions of
the interface where the local order is closer to w-ZnO
than to w-ZnS.

All the results above were verified on different series
of samples aimed of finally establishing the relationship
between magnetic behaviour and local structure of ZnO
nanoparticles capped with different organic molecules.
The combined analysis performed by using different
characterization tools, including atom-specific XAS
and XMCD, demonstrates that the modification of
the surface of ZnO nanoparticles through the capping
with organic molecules enables the development of
ferromagnetic behaviour up to room temperature. The

results indicate that the occurrence of ferromagnetism

does not critically depends on the details of the synthesis
leading to different nanoparticle crystalline size or on the
length of the organic molecule (butanethiol, octanethiol
and dodecanethiol) but on the formation of a pristine
ZnS-ZnO interface. The fact that all the samples show
similar magnetic properties despite the different surface
to bulk ratio indicates that ferromagnetism originates
at this interface and not at the bulk-like components of
the nanoparticles. Contrary to the commonly accepted
view, the magnetism arise at the oxide conduction band,
providing an avenue to explain the surprising results
found in this field, sometimes seemingly irreconcilable.
These results end the longstanding controversy about
the existence of intrinsic RTFM in ZnO-based systems,
providing new insights to finally establish the mechanism
that sets on the ferromagnetic order in these systems and
bringing support to this new route for room-temperature

semiconductor spintronics.
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Table 1: Achieved SASE FEL Performance

Pulse Energy 0.3 mJ @10 keV

Available Photon Energy Range 4.5 ~ 15 keV

Photon Pulse Duration < 10 fs (FWHM)

Spatial Coherence Nearly full

Repetition Rate 10 Hz (Max. 60 Hz)

Stability  Intensity o/l =<10%
Pointing o,,/z(FWHM) 3~7%
Wavelength oy, /A ~0.1%

2F, Y 7D TN AY) v b (B0 pm DAY v
FEBR) Ik 3 TEEOY v 7Ly ay FEHINC X
DEMiZ 4, SHHIL 724 —¥ —> 3 v P TEY
BV T 4 1F1FIF100% TH-1 Y, 2o Ens,
SACLA O L —H — 3 AW IcE> 2y FTHO%
ERTHBERH B EEZ NS,

L — ¥ —HRIRRETOMELE) L, FHERFZET
#110% THH . Fig. 1 IR TRRICL—F—HDIEE
WIMZE L Tw b, MEREE, ¥ v 7OVIEED
Ny FNT, E=LP A4 ZD3~T% 6N
Tw3, FLEEOZEEZ0.1% %2 FEH . dul

D12/12/12 104115 _Con g,

Fig. 1: High XFEL intensity stability routinely achieved. XFEL photon
energy is 5.5 keV and the intensity was measured at the
optical hutch just upstream of the experimental hutch.
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Fig. 2: SASE XFEL gain curve (red open circles)
experimentally obtained at SACLA together
with the intensity fluctuation (blue filled
circles). The photon energy is 10 keV.
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Table 2: SACLA Operation Statistics

Total Operation Time per Fiscal Year
7016/ 7060 hr

(Achieved / Planned)

Operation Rate ~99.4%
Machine Tuning Time 583 hr
BL Tuning, Preparation & R&D Time 3281 hr
User Experimental Time 3152 hr
Downtime in User Experiments 241 hr
Laser Availability ~92.3%




Pump & Probe
31%

Fig. 3: User experimental fields performed at
SACLAin FY2012.
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T. Ishikawa, H. Nagara, N. Suzuki and K. Shimizu:
“First-principles molecular dynamics study on
simple cubic calcium: comparison with simple cubic
phosphorus™ High Pressure Research 32 (2012) 11-
17.
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T. Ishikawa, K. Mukai and K. Shimizu: “First-
principles Study on Superconductivity of Solid
Oxygen” High Pressure Research 32 (2012) 457-463.
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T. Ishikawa, H. Nagara, N. Suzuki and K. Shimizu:
“First-principles Molecular Dynamics Simulation
for Calcium under High-pressure: Thermodynamic
Effect on Simple Cubic Structure” Journal of the
Physical Society of Japan 81 (2012) 124601.
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D. Fujita, K. Suzuki, S. Sato, M. Yagi-Utsumi, Y.
Yamaguchi, N. Mizuno, T. Kumasaka, M. Takata, M.
Noda, S. Uchiyama, K. Kato and M. Fujita: “Protein
encapsulation within synthetic molecular hosts”
Nature Communications 3 (2012) 1093.

[2] SPring-8 publication ID = 22819
Y. Fang, T. Murase, S. Sato and M. Fujita:
“Noncovalent Tailoring of the Binding Pocket of
Self-Assembled Cages by Remote Bulky Ancillary
Groups” Journal of the American Chemical Society
135 (2013) 613-615.

[3] SPring-8 publication ID = 21457
D. Fujita: “Protein Encapsulation within Synthetic
Molecular Hosts” Doctor Thesis (The University of
Tokyo) (2012)
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S 42 Structural and fu.nctional understanding

of secondary active transporters
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This proposal concerns crystallographic studies
on secondary active transporters, AdiC, FucP, and
UraA, to elucidate their transport and energy coupling

mechanism. Eukaryotic transporters are also considered
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as research targets. The committee acknowledges that
interesting results have been obtained in this long-term
project. In particular, the crystal structure of bacterial
XylE has been reported in Nature. However, there has
not been a significant progress in the studies on the
transporters described in the original proposal. Although
a spectroscopic study has been published on FucP, no
intermediate structure has been reported. The proposer
should be aware that, since the proposal was selected as
studies on AdiC, FucP, UraA and eukaryotic transporters,
it is expected that research efforts will be made on these
proteins to clarify the dynamic process of their working
cycles. It is also requested that a paper published on data
obtained in the beamtime of this long-term project must
include at least one member of the proposer’s group.
Name of the SPring-8 beamline and the proposal number
must be always cited in the acknowledgement or other
section of the paper. The committee strongly hopes for

outstanding progress in line with the original proposal.
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[1] SPring-8 publication ID = 23896
D. Deng, C. Yan, X. Pan, M. Mahfouz, J. Wang,
J. Zhu, Y. Shi and N. Yan: “Structural Basis for
Sequence-Specific Recognition of DNA by TAL
Effectors” Sciences 335 (2012) 720-723.

[2] SPring-8 publication ID = 23895
L. Sun, X. Zeng, C. Yan, X. Sun, X. Gong, Y.
Rao and N. Yan: “Crystal structure of a bacterial
homologue of glucose transporters GLUT1-4”
Nature 490 (2012) 361-366.
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XMCD study of capped ZnO nano-

A particles: The quest of the origin of
magnetism

.= Jesus Chaboy

FERTHLH () (CSIC- Universidad de Zaragoza)
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E—L74 Y BL39XU
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Based on the results of previous XMCD experiments
they have done at the SPring-8, Prof. Chaboy and his co-
workers proposed above titled long-term experiment to
elucidate the origin of the ferromagnetic aspects of ZnO
nano-particles. Throughout the long-term study they
have concentrated to measure and to analyze Zn K-edge
XMCD spectra of ZnO nano-particle capped with organic

P MR NSO R A v 8 —
GIEE S

molecules. They have observed the ferromagnetic
behavior of ZnO nano-particle and found that it is
originated from the electronic structure at the interface
between ZnO and organic molecules. The observations
clarify the controversy in the discussion by means of XAS
spectra. The results are appeared as a few publications
and also presented at international conferences.

Though the main aim of the long-term experiment
was fulfilled, the study was based on restricted methods,
i.e. XMCD measurements of capped ZnO carried out by
a normal experimental procedure, and the results of the
study are not quite sufficient to show a new direction of
multi-functional materials, as it was intended implicitly in
the proposal. The study did not show a relationship to the
development of experimental technique in the SPring-8.

The committee is convinced that the achievement of

the present work is a moderate one.
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Ruiz-Gonzilez, J. Gonzalez-Calbet, J. F. Fernandez
and M. A. Garcia: “Evidence of intrinsic magnetism
in capped ZnO nanoparticles.” Physical Review B
82 (2010) 064411.

[2] SPring-8 publication ID = 17890
C. Guglieri and J. Chaboy: “Characterization of the
ZnO-ZnS interface in THIOL-capped ZnO
nanoparticles exhibiting anomalous magnetic
properties” The Journal of Physical Chemistry C
114 (2010) 19629-19634.

[3] SPring-8 publication ID = 18856
C. Guglieri and J. Chaboy: “XAS characterization
of the interface in capped ZnO nanoparticles”
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Diamond Light Source Proceedings 1 (2011) el43:
1-4.
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“X-ray absorption study of the local order around
Mn in Mn:ZnO thin films: the role of vacancies
and structural distortions.” Journal of Physics:
Condensed Matter 23 (2011) 206006.
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of Mn-Zn-O systems: structural, electronic and
magnetic study of exotic MnO2-8/ZnO films.” The
Journal of Physical Chemistry C 115 (2011) 24092—
24101.
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C. Guglieri, M. A. Laguna-Marco, M. A. Garcia,
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The Journal of Physical Chemistry C 116 (2012)
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FIRWFZE D FZEREE A5 144 4, FI RT3 657
L THot, H2HA 7 NMIEEE 2461, PRI
F131,0824 ¢, HANEEF L O EHEUL A5
158, FIFfFEE 138294 THh - 72,

1. REEHLHER

(1) s
F1yA 70 (4/1 (H) ~4/26 (%))
w2470 (5/7 (K) ~6/1 (1))

(2) I DN

LA 7L

THERIRF AR #1597

QEBEOFEE LV v 27 T4 %
94 B

B EA FH E L RE [ #7497 Hi[E

@412 X % down time 9 6 [

R M ALE R ] (2 — =5 A L =2+ )

2R % down time OEIA  #91.2%
o2y A o
b L RIS i F o #9600

INCE PN L e
e

DEEOFTEL LV~ v Ry T4 %

96 IR
IR YR FH i R ] #7503 IRf[
@fE%:1z X 35 down time ¥4 1 3RS

T YA FEIR R ] (2= = A L =2+ Q)
2R % down time DEIA  #0.2%

(3) HHHER Ry 7 5%
FBlIYA 7L (BRF NNV FIEER)
- 1/7 filling + 5 bunches
- 11/29 filling + 1 bunch

24 7L (LXF NNy F5HEER)

- 1/7 filling + 5 bunches

- 11 bunch train x 29

- ABHEEFRMEELEE—F CQ~3407 (=
FANVFE) b L IE20 ~408E (€7
LNV FHE)) @ Top-Up € — K CTHlfi,

- LHEEHR 8GeV, ~ 100mA

(4) F7% down time DA
- BRI X 2 4R E g o TR (|
*SRRFDst. 4y —F 2L —¥%7—27I1C&k5B7
R—F

2. TR

(1) BRI S
FLYA 70 (4/3 (OK) ~4/24 (K))
H2r4 7 (5/9 (K) ~6/1 (1))

(2) E=247 4 YHHHRDL

B —2n54 v
HEHE—L 74~ 26 K
HHE—L 74~ 184K
HfE—L 74 v 9K
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R R A P T 7E FE B2 15814
R R PS4 2 8294
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HIFHZE 55 0

FRIEZE DRXAEREFY (2013F6 A 308K %)

K FIAEBELRIRID 2 EDERZRIFEND . SPring-8/SACLA ZHIR L E WS ERNERTE b DDAZAT Y b

SPring-8
Beamline Name Public Use | _2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | Total

BLO1B1 | XAFS 1997.10 13| 21 32| 39| 36| 52| 57| 56| 73| 52| 26 557
BLO2B1 | Single Crystal Structure Analysis 1997.10 50 1 14 10 10 10 10 19 1 1 5 161
BLO2B2 | Powder Diffraction 1999. 9 121 44| 46| 43| 47| 66| 63| 57| 75| 43| 26 631
BLOo4p1 | HI9n Temperatre and High Pressure | yoq710 | 54| 22| 12| 12| 14| 13| 18| 18| 18| 16| 3[ 200
BLO4B2 | High Energy X-ray Diffraction 1999. 9 29 19 12 20 40 17 25 28 21 26 15 252
BLO8W | High Energy Inelastic Scattering 199710 40 9 10 17 15 7 7 1 19 17 6 158
BLO9XU | Nuclear Resonant Scattering 1997.10 37 7 8 1 12 12 8 7 13 9 4 128
BL10XU | High Pressure Research 1997.10 87 20 29 20 33 32 24 33 29 22 6 335
BL13XU | Surface and Interface Structure 2001.9 7 12 21 15 21 25 18 17 21 6 6 169
BL14B2 | Engineering Science Research I 2007.9 2 16 25 30 26 9 108
BL19B2 | Engineering Science Research | 2001.11 6 14| 20 19 19 21 18 18| 29| 38 13 215
é BL20B2 | Medical and Imaging | 1999. 9 50 25 13 16 15 22 12 12 24 20 10 219
§ BL20XU | Medical and Imaging Il 2001.9 15 4 7 8 21 24 24 32 26 15 7 183
% BL25SU | Soft X-ray Spectroscopy of Solid 1998. 4 75 31 39 20 42 24 20 20 24 17 14 326

S
o BL27SU | Soft X-ray Photochemistry 1998.5 61 25 45 40 25 37 14 19 31 11 13 321
BL28B2 | White Beam X-ray Diffraction 1999.9 12 7 8 8 15 15 14 9 13 8 7 116
BL35XU | High Resolution Inelastic Scattering 2001.9 8 8 5 3 13 19 4 8 12 7 6 93
BL37XU | Trace Element Analysis 2002.11 1 12 " 1 13 12 12 20 20 1 10 133
BL38B1 | Structural Biology Il 2000.10 18 31 37 47 42 41 48 44 44 47 12 411
BL39XU | Magnetic Materials 1997.10 53 17 10 10 19 13 26 13 20 15 8 204
BL40B2 | Structural Biology Il 1999. 9 73 40 37 32 44 22 26 39 38 34 26 411
BL40XU | High Flux 2000. 4 " 9 10 12 14 9 11 9 13 16 13 127
BL41XU | Structural Biology | 1997.10 19| 63 61 66| 69 59| 78 57| 53| 33 18 676
BL43IR | Infrared Materials Science 2000. 4 1 6 10 5 8 12 9 5 8 8 3 85
BL46XU | Engineering Science Research Il 2000.11 10 3 8 14 12 18 11 13 18 8 9 124
BL47XU | HXPES MCT 1997.10 43 17| 26| 25| 27| 20| 26 19 24 1 9 247
BL11XU | Quantum Dynamics 1999. 3 6 1 1 2 1 4 15
BL14B1 | Materials Science 1998. 4 18 2 3 3 7 3 3 2 2 1 2 46
BL15XU | WEBRAM 2002.9 6 4 8 7 7 2 1 1 1 37
§ BL17SU | RIKEN Coherent Soft X-ray Spectroscopy | 2005. 9 1 2 3 1 7 6 4 24
g BL19LXU | RIKEN SR Physics 2002.9 1 3 1 5
% BL22XU | Quantum Structural Science 2004.9 1 3 1 5
£ | BL23SU | Actinide Science 1998. 6 8| 2| 5| 10| 13| 4| 2| 2 46
; BL26B1 | RIKEN Structural Genomics | 2009. 4 3 4 1 8
z BL26B2 | RIKEN Structural Genomics Il 2009. 4 1 5 3 9
§ BL29XU | RIKEN Coherent X-ray Optics 2002.9 1 2 1 4 2 4 1 15
BL32XU | RIKEN Targeted Proteins 2010.10 3 3 1 7
BL44B2 | RIKEN Materials Science 1998.5 6 2 3 1
BL45XU | RIKEN Structural Biology | 199710 23 12 5 6 11 4 10 7 9 5 5 97
Subtotal 1166 | 505| 557 | 560 | 668 | 633 | 620 | 622| 732| 552 | 300| 6915
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Beamline Name Puglic 9se | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | Total
BLO3XU | Advanced Softmaterials 2009.11 1 4 9 13 27
BLO7LSU g;‘;zgtr]yg;’;‘::tyignsync'““’”O” 2009.11 1| 4| s 10
BLO8B2 | Hyogo Prefecture BM 2005.9 1 1 3 5
BL11XU | Quantum Dynamics 13 7 10 7 13 8 7 8 6 8 2 89
BL12B2 | NSRRC BM 2001.9 20 20 24 15 8 8 7 8 4 5 1 120
BL12XU | NSRRC ID 2003. 2 1 5 6 6 8 5 15 9 12 3 70
” BL14B1 | Materials Science 21 7 7 7 1 18 15 17 17 8 3 131
% BL15XU | WEBRAM 2001. 4 31 5 3 13 14 15 29 35 47 34 13 239
§ BL16B2 | Sunbeam BM 1999. 9 13 1 2 7 5 3 5 5 5 3 49
§ | BLiexU | sunbeam ID 1999. 9 4| 4| s| 6| 4 2| s 5] 2| 1 38
é BL22XU | Quantum Structural Science 1 4 13 12 5 9 14 10 7 2 77
BL23SU | Actinide Science 40 13 8 10 14 21 21 14 22 13 5 181
BL24XU | Hyogo Prefecture 1D 1998.10 71 11 9 7 12 7 8 5 6 7 3 146
BL28XU | RISING 2012. 4 2 2
BL32B2 | Pharmaceutical Industry (2002.9-2012. 3) 6 3 2 4 6 1 2 2 26
BL33LEP | Laser-Electron Photon 2000.10 14 2 2 2 3 5 4 1 33
BL33XU | Toyota 2009.5 2 5 1 8
BL44XU | Macromolecular Assemblies 2000. 2 22 17 27 31 27| 22 29 19 40 35 13 282
Subtotal 250 92| 109 | 126| 132| 126| 146| 154| 182| 155 61 1533
BL17SU | Coherent Soft X-ray Spectroscopy 2 5 4 10 18 13 9 6 9 76
BL19LXU | SR Physics 10 1 6 1 12 5 10 3 3 8 2 81
é BL26B1 | Structural Genomics | 2 18 35 23 19 23 11 5 4 6 2 148
% BL26B2 | Structural Genomics Il 1 5 5 6 6 18 4 4 10 10 1 70
g BL29XU | Coherent X-ray Optics 46 13 17 9 20 14 9 1 5 15 6 165
% BL32XU | Targeted Proteins 1 7 1 9
BL44B2 | Materials Science 85| 23 19 18| 20 14 9 6 1 1 7 223
BL45XU | Structural Biology | 76 20 17 16 14 15 9 6 5 4 2 184
Subtotal 220 92| 104 87| 101 | 107 65 44 45 70 21 956
SACLA
o8 Beamline Name Puglic Use | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | Total
SE
“3| B3 |xrEL 2012. 3 3 3
| Hardware / Software R & D ‘ 252 ‘ 25 ‘ 23 ‘ 29 ‘ 16 ‘ 9 ‘ 27 ‘ 18 ‘ 19 ‘ 19 ‘ 15| 452|
| NET Sum Total ‘ 1618 ‘ 600 ‘ 682 ‘ 665 ‘ 789 ‘ 758 ‘ 756 ‘ 741 ‘ 826 ‘ 656 ‘ 316| 8407|

NET Sum Total : RERICEFSNTWSHH (ARICRRUTWRWRERLNCET X ZET)
BHEE—LZY (BL) hSDHERNSBEIRMIIEENZNDE—LTA Y TAIV MUl

CDTF—YIFRXREREEHER T —YX—2RA (http://user.spring8.or.jp/?p=748&lang=ja) I 2013 E6 B30 HEXTILEHFSI NI T—FICETWTHD.
SBREFINDAREENHDET,
- REFESRIRZET SPring-8 F£7cld SACLA TITo/lcEWSHRMER TEHDDHELTVET,

SPring-8 F/cld SACLA TORRZHMXZFICT 2B EIEMNT E—LTIVERIVOBREHFS DL RZANTIZZ W,
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SPring-8 i ————

SPring-8
Beamline Name Pug::::cl;se Rpe;%rgresd Proceedings Pub(ﬂégetirons Total

BLO1B1 XAFS 1997.10 557 53 72 682
BLO2B1 Single Crystal Structure Analysis 1997.10 161 15 24 200
BL02B2 Powder Diffraction 1999. 9 631 36 68 735
BL04B1 High Temperature and High Pressure Research | 1997.10 200 8 38 246
BLO4B2 | High Energy X-ray Diffraction 1999. 9 252 12 34 298
BLOBW High Energy Inelastic Scattering 1997.10 158 10 34 202
BLO9XU Nuclear Resonant Scattering 1997.10 128 14 26 168
BL10OXU High Pressure Research 1997.10 335 21 53 409
BL13XU | Surface and Interface Structure 2001.9 169 12 30 211
BL14B2 Engineering Science Research Il 2007.9 108 6 15 129
BL19B2 Engineering Science Research | 2001.11 215 40 59 314

§ BL20B2 | Medical and Imaging | 1999. 9 219 63 66 348
g BL20XU | Medical and Imaging Il 2001.9 183 75 68 326
% BL25SU Soft X-ray Spectroscopy of Solid 1998. 4 326 16 46 388
§ BL27SU Soft X-ray Photochemistry 1998. 5 321 18 26 365
BL28B2 White Beam X-ray Diffraction 1999. 9 116 14 20 150
BL35XU High Resolution Inelastic Scattering 2001. 9 93 6 1 110
BL37XU Trace Element Analysis 2002.11 133 19 30 182
BL38B1 Structural Biology 11l 2000.10 411 10 38 459
BL39XU Magnetic Materials 1997.10 204 14 61 279
BL40B2 | Structural Biology Il 1999. 9 411 1 71 493
BL40OXU High Flux 2000. 4 127 14 46 187
BL41XU Structural Biology | 1997.10 676 3 70 749
BL43IR Infrared Materials Science 2000. 4 85 12 35 132
BL46XU Engineering Science Research llI 2000.11 124 9 22 155
BL47XU | HXPES-MCT 1997.10 247 92 98 437
BL11XU Quantum Dynamics 1999. 3 15 2 3 20
BL14B1 Materials Science 1998. 4 46 1 10 57
BL15XU WEBRAM 2002. 9 37 19 7 63

g BL17SU RIKEN Coherent Soft X-ray Spectroscopy 2005. 9 24 1 19 44
g BL19LXU | RIKEN SR Physics 2002.9 5 1 6
% BL22XU Quantum Structural Science 2004. 9 5 1 6
£ | BL23SU | Actinide Science 1998. 6 46 5 18 69
; BL26B1 RIKEN Structural Genomics | 2009. 4 8 1 9
z BL26B2 RIKEN Structural Genomics I 2009. 4 9 9
§ BL29XU RIKEN Coherent X-ray Optics 2002. 9 15 1 16
BL32XU RIKEN Targeted Proteins 2010.10 7 1 8
BL44B2 RIKEN Materials Science 1998. 5 1 3 14
BL45XU RIKEN Structural Biology | 1997.10 97 5 14 116
Subtotal 6915 636 1240 8791
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Beamline Name PutS):\'nccléJse Rg;%r:resd Proceedings Putﬁéhaeﬁrons Total

BLO3XU Advanced Softmaterials 2009.11 27 1 28

BLO7LSU gtgit\i/c?rzsity-of—Tokyo Synchrotron Radiation Out- 2009.11 10 10

BLO8B2 Hyogo Prefecture BM 2005. 9 5 5

BL11XU | Quantum Dynamics 89 6 8 103

BL12B2 NSRRC BM 2001.9 120 1 1 122

BL12XU NSRRC ID 2003. 2 70 6 3 79

” BL14B1 Materials Science 131 10 35 176

£ | BLISXU |wEBRAM 2001. 4 239 6 29 274

§ BL16B2 Sunbeam BM 1999. 9 49 10 41 100

§ | BLI6XU | Sunbeam ID 1999. 9 38 7 35 80

§ BL22XU | Quantum Structural Science 77 2 21 100

BL23SU | Actinide Science 181 37 80 298

BL24XU Hyogo Prefecture ID 1998.10 146 17 48 21

BL28XU | RISING 2012. 4 2 2

BL32B2 | Pharmaceutical Industry (2002.9-2012. 3) 26 3 29

BL33LEP | Laser-Electron Photon 2000.10 33 24 3 60

BL33XU Toyota 2009. 5 8 1 4 13

BL44XU Macromolecular Assemblies 2000. 2 282 30 312

Subtotal 1533 127 342 2002

BL17SU Coherent Soft X-ray Spectroscopy 76 4 7 87

BL19LXU | SR Physics 81 7 20 108

§ BL26B1 Structural Genomics | 148 2 18 168

g BL26B2 Structural Genomics Il 70 1 11 82

% BL29XU Coherent X-ray Optics 165 14 27 206

é BL32XU | Targeted Proteins 9 1 1 11

BL44B2 | Materials Science 223 2 14 239

BL45XU Structural Biology | 184 5 38 227

Subtotal 956 36 136 1128

SACLA
% g Beamline Name Puksji\LcCL;se Rg;%rsrid Proceedings Putﬁgﬁ\rons Total

“&| B3 |xrEL 2012.3 3 3 6
| Hardware / Software R & D 452 | 468 | a19 1339 |
| NET Sum Total 8407 ‘ 1117 ‘ 1627| 11151 |

Refereed Papers : E&iB D DRE®RX. BB DO 7OV —T 1 V7 EELHX

Proceedings : EFALOTOY—F 1>

Other Publications : EFREAMHEIR T, L

NET Sum Total : EBRICEREINTVBHE (ARICKRL TWRWERBUMCET 2 XEE2T)
BHE—LTMY (BL) DSDOMENSBRIBIFFENZTNOE—LTAYTHYY NI,

- ABFEIZHIRIZE T SPring-8 E/cld SACLA TITofcEWSTHERNHER TELBDDHELTVET,
SPring-8 &7ci¥ SACLA TORRZRNZFICTBIHEERILTE—LTA VBB LVREESORBREANTILE W,

250 SPring-8 Information ~ Vol.18 No.3 AUGUST 2013

EDOIDIRHTEFESRVWED (F. BITA, B, T0fthe UTEFEINIHD)



&1 SPring-8 £ U< I& SACLA i oRERRSNICARY A

PRI NIRRT R A i v 5 —
HI S5 0

SPring-8 & L < & SACLA 12 B\ T HEE S 17 WFFEIRESE DO BRI A R X i 854 1& JASRI O R % 8%
FT=F R=ZIZEFR L T 2 EICR>TED  ZONAFIXLLTF®D URL (SPring-8§ii 7 — ¥ X— 2 &
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http://www.spring8.or.jp/ja/science/publication_database/

DT = RXR=RIERRI N HERLXDON, FH254FE4H~6 HicZzDRlild L 1da e —%%23ZH
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MRS REAIC I B W22 2 ENTEET, FAEMINHEOER GRERS, E—L74 v, F
HEH4) WL T ET, FEE T IR 470 Tyear), RO 13XFH Ttermy, %25 D435 H
fproposal no.; &> TVETDT, ZOFEHRPSLLTD URL TRAEL T 5, FHED SO IS
(SPring-8 User Experiment Report) Z# L T E WA 2 ENTEET,

http://www.spring8.or.jp/ja/news_publications/publications/user_exp_report/
SO PIHFE BB IZFEITHO 2 » Ao HARHKED T, Aiafg#ior DU IS8k S i Eiz il L T
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EFETIIBHCALEFT,

SPring-8 FARMREHR T —IN—Rc2013F4 A~ 6 BICERINIRXHIBEH S Nic TLRMEE C BHHH

B 2 B 2
Physical Review B 21 Journal of the Physical Society of Japan 8
Applied Physics Letters 14 Acta Crystallographica Section F 7
Chemical Communications 13 Polymer 7
Angewandte Chemie International Edition 9 Journal of Synchrotron Radiation 6
Journal of Applied Physics 9 Macromolecules 6
Journal of Physics: Conference Series 9 Chemistry Letters 5
Journal of the American Chemical Society 9 Journal of Molecular Biology 5
Japanses Journal of Applied Physics 8 Physical Review Letters 5
The Journal of Physical Chemistry C 8 2 156355, 51361
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AEDRREVLTERINIEX
Physical Review B
MRARES | FHE METIER BEES |E-LT1y | EREMEE 714N
20581 Oscar 86 (2012) 2010B3604 | BL14B1 | Yagafarov Oscar | Energy Dispersive X-ray Diffraction and Reverse Monte
Yagafarov |174103 2011A3606 | BL14B1 | Yagafarov Oscar | Carlo Structural Study of Liquid Gallium under Pressure
Takashi 86 (2012) . Synthesis and Physical Properties of Metal-Doped
22805 | o 214507 2011A1938 | BL02B2 | A{RE & Picene Solids
85 (2012) Quasiparticle Interference on the Surface of Bi,Se;
23369 |Mao Ye 205317 2011A3873 | BL23SU A+ BBX | Induced by Cobalt Adatom in the Absence of
Ferromagnetic Ordering
Ignace 87 (2013) . Unified Understanding of the Valence Transition in the
23410 Jarrige 115107 201084253 | BL12XU | Jarrige Ignace Rare-Earth Monochalcogenides under Pressure
Hitoshi 86 (2012) Electronic Structure and the Valence State of Yb,Pd,Sn
23414 2011B4260 | BL12XU itFH EA | and YbPd,Sn Studied by Photoelectron and Resonant
Yamaoka 085137 S .
X-ray Emission Spectroscopies
Hitoshi 86 (2012) Electronic Transitions in CePd,Si, Studied by Resonant
23423 2012A4259 | BL12XU IR A& | X-ray Emission Spectroscopy at High Pressures and
Yamaoka 235131
Low Temperatures
Shi 86 (2012 i BL1SLXU Recoil Effects for Val d Core Photoelect i
23475 igemasa ( ) 200681722 | BL25SU B B ecq ects for Valence and Core Photoelectrons in
Suga 035146 — V,;Si
2007A1005 | BL25SU B BIE
Kaustubh |87 (2013) Priolkar Antiferromagnetic Exchange ilteractions in the
23535 Priolkar 144412 2010A1040 | BL25SU Kaustubh Ni,Mn, ¢In, , Ferromagnetic Heusler Alloy
Kazuya 87 (2013) . . T .
23537 Teranishi 060505 (R) 2011A1938 | BL02B2 A{RE F1E | Observation of Zero Resistivity in K-doped Picene
03593 | Yasuhio |86 (2012) 2010A3608 | BL14B1 KH %% | Electronic and Local Structures of Mn-Doped BiFeO,
Yoneda 184112 2010A3608 | BL14B1 KH =7 | Crystals
Hirovuk 87 (2013 2011A1060 | BLO1B1 B 2 Simult Val Shift of Prand Tb | tth
23611 |rf)yu. i ( ) 201181075 | BLO1BA B B |rT1u aneous a.e.nce. ift of Pr an ons at the
Fujishiro 155153 —— Spin-State Transition in (Pr,_, Tby),,Ca,3C00;
2012A1118 | BLO1B1 B e
Takumi 87 (2013) 2011A1624 | BLA7XU A K Electronic Struct f the Hole-Doped Delafossit
akumi . = ectronic Structure of the Hole-Doped Delafossite
E Kl
23717 Yokobori 195124 2011B1710 | BL47XU FE Kt CuCr,,Mg,0,
2012B1003 | BL47XU | KJI| FE4E
2011B4262 | BL12XU | Chen Jin-Ming | Pressure-Dependent Electronic Structures and Orbital
Jin-Ming 86 (2012) .. Hydridization of Mn 3d States in Multiferroic BiMnOj :
23755 Chen 045103 2012A4257 | BL12XU | Chen Jin-Ming A Combined X-ray Absorption, X-ray Emission, and
2012B4257 BL12XU Chen Jin-Ming Resonant X-ray Emission Study
2011A1669 | BL47XU #H58 RS
2010B1740 | BL47XU #HEE K&
Mak 85 (2012 2010A1677 | BL47XU #R K& Deoth Profiling the P alin P ite Oxid
23922 .a oto ( ) 200981774 | BL47XU 0 eptl ; ro |.|ngt e. otential in .ergvs ite Oxide
Minohara 165108 — Heterojunctions Using Photoemission Spectroscopy
2009A1679 | BL47XU EEEINGS
200881802 | BL47XU HHEE A&
2008A1687 | BL47XU HHEE L&
Alexander |83 (2011) 2009B4804 | BL15XU R BN | Hard X-ray Photoemission Study of Near-Heusler
24313 .
X. Gray 195112 2010A4902 | BL15XU | Fadley Charles | Fe,Si;. Alloys
Alexander |84 (2011) Insulating State of Ultrathin Epitaxial LaNiO; Thin Films
24314 2009A4 BL15X Fadley Charl
3 X. Gray 075104 009A4906 SxU adley Charles Detected by Hard X-ray Photoemission
Mott Transition Extremely Sensitive to Impurities in
24359 Shunsuke | 87 (2013) 2011B4615 | BL15XU JEHE &% | CasRu,0, Revealed by Hard X-ray Photoemission
Tsuda 241107 (R) .
Studies
Applied Physics Letters -1-
Shingo 101 (2012) Interfac_e Engl_neerlng between Metal Electrodg and
22475 2010B1863 | BL47XU MIEZE | GeO, Dielectric for Future Ge-based Metal-Oxide-
Ogawa 201601 : .
Semiconductor Technologies
. 98 (2011) 2010A3877 | BL23SU AN Bk Sp!n and ‘Orbltal Magnetlc Moments of Molecular Beam
23370 | Keita Ito 102507 Epitaxy y'-Fe,N Films on LaAlO,(001) and MgO(001)
2010B3876 | BL23SU A BBR | Substrates by X-ray Magnetic Circular Dichroism
99 (2011) X-ray Magnetic Circular Dichroism of Ferromagnetic
23371 | Keita lto 259501 2011A3872 | BL23SU A+ BBK | Co,N Epitaxial Films on SrTiO4(001) Substrates Grown
by Molecular Beam Epitaxy
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Applied Physics Letters -2-

MERRES | FEE MEBR BEES | E-LT7T1y | EREMEE 4K
102 (2013) 2011A1319 | BL25SU #5K |X | Detailed Analysis of Spin-Dependent Quantum
23491 | P. Sheng 032406 2011B1720 | BL25SU #K F&iX | Interference Effects in Magnetic Tunnel Junctions with
2012A1671 | BL25SU | #8K % | Fe Quantum Wells
Frederic 102 (2013) 2011A1319 | BL25SU #5K |X | Reversible Change in the Oxidation State and Magnetic
23492 Bonell 152401 2011B1720 | BL25SU #5A % | Circular Dichroism of Fe Driven by an Electric Field at
2012A1671 | BL25SU | #5K #i% | the FeCo/MgO Interface
Alpa 102 (2013) . Feasibility of Magnetic Compton Scattering in
23546 Dashora 142403 2009B1416 BLO8W | Ahuja Babulal | Measurement of Small Spin Moments: A Study on
LaFe,,Ni,O; (x=0.4 and 0.5)
2008A3607 | BL14B1 PPN Exoor | d of ox Hvdride YM
23615 Motoaki 100 (2012) 200883619 | BL14B1 TR K szr:;l?oenn:(ainzil::(:jig chnimiz);orygcr)l:eﬁne r;t?jcﬁﬂre
Matsuo 044101 2009A3616 | BL14B1 AT KB | 0 : Y P
nalysis
2010B3610 | BL14B1 NSIPNE
Kaye 100 (2012) . .
23847 Morgan 124102 2011A1590 | BL20XU | Morgan Kaye | X-ray Phase Imaging with a Paper Analyzer
. N B Determining Factor of Effective Work Function in
h 100 (2012 2010A1786 | BL27SU A RE
23862 ?jtgzal 1?29(0 g ) o Metal/bi-layer High-k Gate Stack Structure Studied by
4 2010B1816 | BL27SU E8 RE | photoemission Spectroscopy
23914 Takayuki 102 (2013) 2012A3824 | BL23SU BEFR 2 Role of Doped Ru in Coercivity-Enhanced La, ¢Sr, ;,MnO,
Harano 222404 2011A3840 | BL23SU B = Thin Film Studied by X-ray Magnetic Circular Dichroism
Masat 91 (2007 200580551 | BL25SU IR L7 M tic D in Struct f a Technically Patt d
23918 asato ( ) 2006A1660 | BL25SU B L agnetic opmaln ructure o a. echnically Patterne
Kubota 182503 — Ferromagnetic La, ¢Sry ,MnO; Thin Flim
2006B1600 | BL47XU EERINS
Hosiyar 102 (2013) . Study of Spin and Orbital Magnetization in Dy- and Gd-
24028 Mund 232403 201181069 BLOBW | Ahuja Babulal doped Co Ferrite using Magnetic Compton Scattering
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