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Observation of Cu spin fluctuations in over-doped regime La2-xSrxCuO4

nanoparticles

S. Winarsih,∗1 T. Adachi,∗2 T. Goto,∗2 B. Kurniawan,∗3 B. Soegijono,∗3 and I. Watanabe∗4

The first observation of exchange anisotropy or ex-
change bias was reported for cobalt particles capped by
cobalt oxide.1) The shifted hysteresis loop in field-cooled
suggested the occurrence of exchange coupling between
the ferromagnetic spin of cobalt with the antiferromag-
netic spin of cobalt oxide. For gold nanoparticles encap-
sulated by butanethiol, clear evidence of magnetism was
observed when the size of the gold cluster was 2.2 nm, as
studied by muon-spin relaxation (µSR).2) The relaxation
of muon spins decreased with increasing temperature
in the longitudinal field, (LF-µSR), indicating the ex-
istence of a magnetic moment. Even though magnetism
was clearly observed, this study could not distinguish
whether the magnetic moment was located at the encap-
sulated molecules or inside the gold nanoparticles.

The existence of ferromagnetic spins at the surface was
also suggested to lead to the observation of a hysteresis
loop at 10 K in CuO nanoparticles.3) An anomalously
enhanced Curie term at low temperatures in high-Tc su-
perconductor cuprate (HTSC), La2-xSrxCuO4, with x =
0.10–0.30, when the particle size was reduced to 113 nm
was also linked to the role of the spins at the surface.4)
This suggests that the surface effect plays an important
role in both free-standing nanoparticles, like CuO and
La2-xSrxCuO4, and nanoparticles capped by molecules,
like oxide-coated particles of cobalt and nanogold capped
by butanethiol. However, the mechanism of the role of
the surface causing the emergence of ferromagnetism in
nanoparticles is still an open question.

We aimed to investigate nano-sizing effects in
La2-xSrxCuO4 because the observation of possible ferro-
magnetism is a new interesting phenomenon in HTSCs.
In the bulk case, a ferromagnetic phase was predicted
in the heavily overdoped regime where the supercon-
ductance was suppressed.5,6) This appearance of ferro-
magnetism in La2-xSrxCuO4 from the underdoped to the
overdoped regime is a new question in HTSCs because
superconductivity and magnetic ordering are believed to
be interconnected.

To synthesize free-standing nanoparticles, the chemi-
cal reaction method is believed as one of the best meth-
ods because it is a bottom-up method.7) A bottom-
up method implies spontaneous self-assembly from the
atomic level to the nanoparticle level. The detailed syn-
thesis route is reported in our former paper.8)
µSR measurements on La2-xSrxCuO4 with x = 0.20

and particle size of 46 nm were performed at the RIKEN-
RAL Muon Facility, Rutherford-Appleton Laboratory,
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Fig. 1. Temperature dependence of relaxation rate of muon
spins, λ, of La2-xSrxCuO4 with x = 0.20 and particle size
of 46 nm.

UK, using a pulsed positive surface muon beam. Fig-
ure 1 displays the temperature dependence of the relax-
ation rate of the muon spins. The relaxation rate starts
rapidly increasing below 10 K. This indicates the slowing
down of the Cu spin fluctuations below 10 K, which, in
turn, suggests that magnetic correlations are developed
at low temperatures. Compared to the bulk case, no
magnetic correlation was observed even at 0.3 K.9)

Our present result reveals that nano-sizing induces
weak magnetism owing to the development of Cu spin
fluctuation. Moreover, our magnetization results show
that the superconductivity is strongly suppressed in
La2-xSrxCuO4 nanoparticles. These results suggest an
anticorrelation between the magnetic order and the su-
perconductivity and show that the superconductivity in
an HTSC is strongly influenced by the magnetic order,
which can be explained by the stripe theory. We pro-
vided a new insight of studying Cu spin dynamics by
investigating the nano-sizing effects in an HTSC, which
is typically examined based on the impurity effects on
the Cu site.9–11)
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The electron transfer channel in the sugar recognition system
assembled on gold nano particles

T. Goto,∗1 T. Hashimoto,∗1 D. P. Sari,∗2 and I. Watanabe∗3

The recently reported electrochemical sugar recogni-
tion system consisting of a gold nano particle (GNP)
with a diameter of 12 nm, a ruthenium complex and a
phenylboronic acids, attracts much interest because of
its high sensitivity for various sugars such as D-glucose
or D-fructose. When sugar molecules are “recognized” by
the phenylboronic site, the response of electrochemical
voltammetry of the ruthenium complex site drastically
changes, enabling the system to work as a highly sen-
sitive sugar-sensor.1,2) In this recognition process, the
change in the electronic state at the phenylboronic acids
site caused by sugar must be transferred to the ruthe-
nium complex site. The purpose of this study is to find
out by LF-µSR technique a channel of the electron trans-
fer from the phenylboronic acid site to the ruthenium
complex via gold nano particle. By its finding, we will
be given a better understanding of the sugar-recognition
mechanism, and also, a possibility to develop a sensor
with still higher sensitivity and more functions.

As the present system includes alkyl-chains in the
ruthenium complex and the phenylboronic acid site, the
injected muons pick up one electron to form a neutral
atomic state, which is soon thermalized and bonded to a
relatively-reactive site on the chain. The brought-in elec-
trons may show one-dimensional motion along the chain,
if the electron transfer channel between the ruthenium
complex and the phenylboronic site exists.

This behavior can be detected sensitively by measur-
ing the muon-spin relaxation process, which is caused
by the magnetic interaction between the muon spin and
the moving electron produced by muon itself. In other
words, in place of the attachment of sugar molecules to
phenylboronic acid site, one utilizes muon as a trigger
to induce a moving electron and also as an observer of
it. This method is known as the muon-labelling mea-
surement.

The characteristic dimensionality of the electron mo-
tion can be readily studied by measuring LF dependence
of µSR relaxation rate λ;3) for one-dimensional motion,
λ is expected to be proportional to (HLF)−1/2, where
HLF is the externally applied field along the muon spin
polarization. This method was first applied to the po-
laron motion in oganic polymer chains,4) and also suc-
cessfully to the typical one dimensional system, DNA.5)

Zero (ZF) and longitudinal (LF) field-µSR measure-
ments at room temperature were performed on a pow-
der sample at RIKEN-RAL Muon Facility using a spin-
polarized pulsed surface-muon (µ+) beam with a mo-
mentum of 27 MeV/c. The muon spin depolarization
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Fig. 1. Temperature dependence of dynamical component of
relaxation rate λ under various longitudinal fields HLF.
The inset shows the typical depolarization curves of the
asymmetry (%) with fitted functions. Each curve is ver-
tically shifted for clarity.

data above 0.1 T were analyzed with the function eλτ ,
where λ is the depolarization rate due to the dynamical
spin fluctuation. Note that in this field region, the ef-
fect of quasi static nuclear spins or GKT, Kubo-Toyabe
function is neglected.

The field dependence of λ is shown in Fig. 1. With
decreasing HLF from the highest field 0.38 T, λ showed
a slight but finite increase until HLF

∼= 0.2 T, below
which λ saturates. An appreciably high depolariza-
tion in the totally non-magnetic compound indicates
that some muon-triggered moving electron process ex-
ists. The observed increase is weaker than expected for
the one dimensional diffusion case. This indicates that
the contribution from the diffusion process has the lower
boundary in the fluctuation spectrum, as is evident from
the functional form of λHLF dependence, and in fact is
reported for previous report.4)

In order to confirm that the observed behavior of λ
comes from the one-dimensional movement along alkyl-
chain, investigation on wider field region or equivalently
on wider fluctuation spectrum, including NMR is in-
evitable, and is now on the progress.
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