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Ce3Pd20Si6
Study of high-field magnetization in the clathrate compoundCe3Pd20Si6

Andreas Dönni Matúš Mihalik 
H. Kitazawa, A. Dönni, M. Mihalik 

National Institute for Materials Science 

H. Kobayashi, Y. Nemoto and T. Goto 
Graduate School of Science and Technology, Niigata University 

Abstract:
We have carried out the high-field magnetization measurements of the clathrate compounds Ce3Pd20Si6 to investigate 

their crystalline field (CF) effects. The anisotropic behavior of high-field magnetization process at 2.1 K revealed that the CF
ground states at 4a and 8c sites in Ce3Pd20Si6 should be different ( 7 or 8) with the help of CEF excitation energy of 3.6 meV 
by inelastic neutron scattering experiments and the temperature dependence of elastic constants. 

Keywords: Ce3Pd20Si6, crystalline field effect, high-field magnetization, inelastic neutron scattering 
E-mail: KITAZAWA.Hideaki@nims.go.jp 
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 Cu3Mo2O9
Magnetization curve at high magnetic field in the low-dimensional magnet Cu3Mo2O9

Haruhiko Kuroe, Tomoaki Hamasaki, and Tomoyuki Sekine 
Dept. Phys., Sophia Univ. 

Masashi Hase, Hideaki Kitazawa 
National Institute for Materials Science 

Abstract:
We report the magnetization curve under magnetic fields up to 30 T at low temperatures in a tetrahedral spin chain 

system Cu3Mo2O9 single crystal. This material shows successive phase transitions to an antiferromagnetic phase at TN = 7.9 
K and a weak ferromagnetic phase at Tc ~ 2.5 K in low magnetic fields. With increasing magnetic field below TN, a rapid 
increase of magnetization is observed at 19.3 T for H//a and 17.5 T for H//c, respectively. On the other hand, there are not 
observed for H//b, which denies the spin flop transition, because the easy axis is almost pararell to the b axis. These rapid 
increase disappear above TN. The magnetic moments are canted towards the ac plane by the Dzyaloshinskii-Moriya 
interaction in the WF phase. Consequently, these rapid increase of magnetization at high magnetic fields are interpreted by a 
sudden rotation of the WF moment about the b axis. 

Keywords: Magnetization, low-dimensional magnet, Cu3Mo2O9, Dzyaloshinskii-Mioriya interaction 
E-mail: kuroe@sophia.ac.jp 
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AgCa2M2V3O12 M =Mn, Co and Ni
NdPb2Mn2V3O12

Magnetization process in garnet magnets AgCa2M2V3O12 (M =Mn, Co and Ni) and NdPb2Mn2V3O12

Noriki Terada, Hiroyuki Suzuki, Hideaki Kitazawa 
National Institute for Materials Science 

Junji Awaka 
AIST

Syoichi Nagata 
Muroran Institute of Technology 

Advanced Industrial Science and Technology 

Abstract:
The magnetization measurements on garnets, AgCa2M2V3O12 M =Mn, Co and Ni and NdPb2Mn2V3O12 are reported. 

Previously, we have identified the antiferrmagnetic orderings of these compounds by neutron diffraction measurements. This 
time, in order to determine the exchange parameters and anisotropy, we performed the magnetization measurements. All 
samples measured show a Heisenberg spin-like magnetization process, where the saturation fields are 40 T (estimated) in 
AgCa2Mn2V3O12(ACMVO), 11.5 T in AgCa2Co2V3O12(ACCVO), 26.0 T in AgCa2Ni2V3O12(ACNVO) and 23.5 T in 
NdPb2Mn2V3O12(NPMVO). Applying the Heisenberg spin Hamiltonian with the nearest neighbor exchange interaction to 
these results, we can determine the exchange constants as JACMVO = 2.7 K, JACCVO = 6.7 K, JACNVO = 5.0 K 
and JNPMVO = 1.6 K. 

Keywords: garnet lattice, antiferromagnet, vanadium garnet, Heisenberg spin 
E-mail: TERADA.Noriki@nims.go.jp 
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Thermally assisted soft-magnetism in nano-granular films 

A B

A A A,B A A

H. MamiyaA, M. OhnumaA, S. OhnumaA,B, S. NimoriA, T. FurubayashiA

ANational Institute for Materials Science 
BResearch Institute for Electric and Magnetic Materials 

Abstract:
In granular films consisting of exchange-coupled ferromagnetic nanoparticles embedded in insulative matrix, we 

observe the correlated supersperomagnet-like phase with the thermally assisted soft-magnetic response. 

Keywords: magnetic hystereses; thermal cycles; ferromagnetic ordering; spin-glasslike ordering; blocking 
E-mail: MAMIYA.Hiroaki@nims.go.jp 
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Fig.1 Initial susceptibility for the nano-granular film
(Co0.83Fe0.04 Pd0.13)56 (Si0.31O0.69)44.

Fig. 2. Temperature-dependence of Coercivity HC for the 
nano-granular film (Co0.83Fe0.04 Pd0.13)56 (Si0.31O0.69)44.
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4f NMAD
NMAD Spin Glass Behavior in 4f Electronic Compounds 

Dexin Li 
Institute for Materials Research, Tohoku University 

Shigeki Nimori  
National Institute for Materials Science 

Abstract:
We present the ac susceptibility measurements on the ternary intermetallic compounds Pr2CuSi3 and Nd2CuSi3. Both the 

real and imaginary components show a frequency dependent peak at Tm=9.8 K for Pr2CuSi3 and Tm=9.8 K for Nd2CuSi3 with 
evident ferromagnetic characters even for Nd2CuSi3 that has been reported to exhibit an antiferromagnetic phase transition 
near 5 K. The shift of the ac susceptibility peak to higher temperature with increasing frequency is observed for both samples,
which could be considered as important evidence for the formation of spin-glass states. However, for both samples the 
frequency shift rate of Tm is very small indicating the weak spin-glass effect. The observed magnetic behaviors are compared 
with those reported for the cluster glass compound Ce2CuSi3.

Keywords: Pr2CuSi3, Nd2CuSi3, spin glass, ac susceptibility, irreversible magnetism 
E-mail: dxli@imr.tohoku.ac.jp 

1. Introduction 

Spin-glass (SG) behavior found in many ternary 

intermetallic compounds has attracted much attention in 

recent years. A typical group among these compounds is the 

f-electron systems with 2:1:3 compositions. The crystal 

structure of most of the 2:1:3 compounds is derived from 

the hexagonal AlB2-type. An important feature 

characteristic of this structure is the existence of 

disordering nonmagnetic atoms and triangular structure of 

magnetic atoms, which are considered to be favorable for 

the formation of SG state.  Compounds R2CuSi3  (R =La, 

Ce, Pr, Nd) being considered to crystallize in the AlB2-type

structure represent the new subjects of studies among the 

nonmagnetic atom disorder (NMAD) 2:1:3 systems. We 

have observed the evident random spin freezing behavior 

with short-range magnetic order in Ce2CuSi3. Pr2CuSi3 and 

Nd2CuSi3, however, are reported to exhibit a ferromagnetic 

phase transition at TC=10 K and an antiferromagnetic order 

at TN=5 K, respectively, based on the dc susceptibility, 

specific heat and electrical resistivity measurements. Below 

TC/TN, irreversible magnetism is observed for both systems 

like that usually observed in SG materials. Considering that 

ac susceptibility could offer a good criterion for 

distinguishing a canonical SG from a SG-like material, we 

have performed ac susceptibility measurements at various 

frequencies on polycrystalline compounds Pr2CuSi3 and 

Nd2CuSi3 to explore the possible SG effect. Here, we 

present the experimental results and compare the observed 

magnetic behaviors with those of the glass compound 

Ce2CuSi3.

2. Experimental 

Polycrystalline samples of Pr2CuSi3 and Nd2CuSi3 were 

prepared by melting high-purity starting elements in a 

4-electrodes arc furnace followed by homogenization at 

high temperature (500 C  168 h + 750 C  168 h for 

Pr2CuSi3, 950 C  480 h for Ndr2CuSi3) in evacuated 

sealed quartz tubes. The x-ray powder diffraction lines can 

be indexed based on the AlB2-type structure model (space 

group P6/mmm) with lattice parameters a=4.054 Å, 

c=4.260 Å for Pr2CuSi3 and a=4.048 Å, c=4.225 Å for 

Nd2CuSi3. The temperature dependence of ac susceptibility 

was measured using a SQUID magnetometer. 

3. Results and Discussion 

AC susceptibility measurements of Pr2CuSi3 and 

Nd2CuSi3 were preformed at frequency range of 0.1 

Hz /2 1000 Hz.  The data of in-phase component           

are illustrated in Fig. 1 for Pr2CuSi3 and in Fig. 2 

for Nd2CuSi3. A frequency-dependent pronounced 

maximum is observed around a characteristic temperature 

Tm( ) for both samples. The Tm value is determined to be 

9.79 and 5.57 K at =0.1 Hz, which shift to 9.82 and 5.61 

K at =1000 Hz for Pr2CuSi3 and Nd2CuSi3, respectively. 

The shift to higher temperature of the peak position in  

curve with increasing  could be considered as 

important evidence for the existence of random spin 

freezing effect in Pr2CuSi3 and Nd2CuSi3. However, the 

frequency shift rate of Tm in both samples is small. Using 

expression Tm= Tm/(Tm log ) (it is often used to 

distinguish a SG material from a SG-like system), the  
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frequency shift rate is determined to be Tm=0.001 for 

Pr2CuSi3 and Tm=0.002 for Nd2CuSi3. These values are 

roughly one order of magnitude smaller than Tf (the 

frequency shift rate of spin freezing temperature) reported 

for the cluster glass compound Ce2CuSi3 and other typical 

NMAD SG systems. In addition, the Tf( ) data of Ce2CuSi3

can be fitted to the standard expression of critical slowing 

down, but this expression can not described the Tm( )

behavior of Pr2CuSi3 and Nd2CuSi3. In this reason, we call 

the upward-shift of Tm with  observed in these two 

compounds “SG-like behavior”.  

On the other hand, in ref. 1 the peak appearing in 

temperature dependence of zero-field-cooled (ZFC) dc 

magnetization MZFC(T) curve of Nd2CuSi3 at Tm=5 K is 

considered to be of the antiferromagnetic origin. However, 

the imaginary component  (not shown here) of 

our ac susceptibility measurements for Nd2CuSi3 illustrates 

an evident peak near Tm suggesting the ferromagnetic 

character of the phase transition around Tm. In fact, the 

ferromagnetic behaviors of Nd2CuSi3 are also manifested 

as the monotonic increase in field-cooled (FC) dc 

susceptibility  and the rapid rise of magnetization 

M(H) at low-field side. These features are very similar to 

those observed for Pr2CuSi3. Although the evident peaks 

appearing in         ,       and          curves    

are also characteristic of SG materials, considering the 

larger peak appearing in specific heat C(T) and the sudden 

drop in electrical resistivity (T) curves as well as the very  

small Tm values obtained in this work, Pr2CuSi3 and 

Nd2CuSi3 should be considered as the “alomst long-range” 

magnetic ordering systems with weak SG effect. In this 

sense, Pr2CuSi3 and Nd2CuSi3 are different from the cluster 

glass compound Ce2CuSi3 that shows much evident SG 

effect. It should be mentioned that, very recently, the 

electron diffraction measurements reveal the existence of 

superlattice structure in our Pr2CuSi3 sample. This result 

suggests that a part of the nonmagnetic atoms seems to 

form a ordered structure in Pr2CuSi3.  The different degree 

of randomness may be responsible for the different 

magnetic features observed in Ce2CuSi3, Pr2CuSi3 and 

Nd2CuSi3.

3. Conclusion 

Summarizing the experimental results mentioned above, 

the main finding in this work is that the ac susceptibility 

measurements offer a important evidence for the formation 

of SG-like state in both Pr2CuSi3 and Nd2CuSi3 in spit of its 

weak effect. Around Tm=9.8 and 5.6 K, Pr2CuSi3 and 

Nd2CuSi3 exhibit an almost long-range magnetic order, 

respectively, with clear ferromagnetic characters near and 

below Tm. No antiferromagnetic behavior can be observed 

in ac susceptibility measurements even for Nd2CuSi3. At 

this stage, we consider that the degree of randomness in 

R2CuSi3 may be different for different system, which could 

result in the SG effect in Ce2CuSi3, Pr2CuSi3 and Nd2CuSi3

with different strength. A systematic investigation on the 

microstructure of R2CuSi3 including electron diffraction 

observation and high-resolution electron microscopy is 

progressing.

References 
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(1998).

Fig. 1 Temperature dependence of the real component 
of ac susceptibility for Pr2CuSi3 at various 
frequencies.

Fig. 2 Temperature dependence of the real component 
of ac susceptibility for Nd2CuSi3 at various 
frequencies.
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CeRhSi3
Fermi-surface study on CeRhSi3 under high pressure 

T. Terashima, M. Kimata, S. Uji 
National Institute for Material Science 

T. Sugawara, N. Kimura, H. Aoki 
Tohoku Univ. 

H. Harima 
Kobe Univ. 

Abstract:
    We have performed measurements of the de Haas-van Alphen effect (dHvA) in CeRhSi3 up to a pressure P = 29.5 kbar 
with the field in the c direction.  The observed Fermi surface suggests that Ce 4f electrons are itinerant even when 
antiferromagnetic order occurs.  Effective masses decrease with P: no enhancement is observed as the antiferromagnetic 
transition temperature is reduced by the application of pressure. 

Keywords: Fermi surface, de Haas-van Alphen effect, high pressure, heavy fermions 
E-mail: TERASHIMA.Taichi@nims.go.jp 

1.
Recently, Kimura et al. have reported superconductivity 

(SC) in a noncentrosymmetric heavy-fermion compound 
CeRhSi3 under high pressure P [1].  At ambient P, it orders 
antiferromagnetically below TN = 1.6 K with an 
incommensurate wave vector.  The ordered moment lies in 
the c plane and is small, of the order 0.1mB.  A P-T phase 
diagram has been derived from resistivity measurements 
(Fig. 1).  TN first increases with P and then decreases 
above ~8 kbar.  It becomes equal to the superconducting 
transition temperature TSC at ~24 kbar.  TSC peaks at 1.1 K 
near 26 kbar.  At the same time, the initial slope dBc2/dT 
at T=TSC of Bc2 curves takes a maximum of 23 T/K.  
These two facts seem to indicate that the critical pressure Pc

of the quantum phase transition (QPT) between the 
antiferromagnetic (AFM) and the paramagnetic (PM) phase 
is ~26 kbar.  Anomalously high values of $Bc2(0) are 
observed for magnetic field B // c; Bc2(0) at 29 kbar may 
reach 30 T [1]. 

Ambient-P dHvA measurements have been reported for 
CeRhSi3 and the reference compound LaRhSi3 (La has no f 
electrons) [2].  DHvA frequencies and their 
field-orientation dependences are very different between 
the two compounds.  This suggests that Ce 4f electrons 
are itinerant.  However, it is difficult to draw a definite 
conclusion, e.g., by comparing dHvA frequencies with 
results of band-structure calculations, because so many 
finely-split frequencies are observed and modification of 
the FS by the opening of the gaps due to the 
incommensurate AFM order has to be considered. 

In this study [3], we perform high-P dHvA measurements 
on CeRhSi3 and provide further support for the view that 
the 4f electrons in CeRhSi3 are itinerant even in the AFM 

phase.  The FS evolves continuously with P and, 
interestingly, the pressure and field dependences of 
effective masses are weak. 

2.
The single crystal of CeRhSi3 used in this study was 

spark-cut from a Czochralski-method-grown ingot.  The 
residual resistivity ratio (I // c) is 240.  Ac magnetic 
susceptibility, the oscillatory (in B) part of which is due to 
the dHvA effect, was measured with pick-up coils in fields 
up to 17.8 T applied along the c axis at temperatures down 
to 0.03 K and pressures up to 29.5 kbar.  In addition, 
dHvA oscillations in the reference compound LaRhSi3 were 
measured at ambient P for various field directions in the 
(010) plane.  Band-structure calculations were performed 
for LaRhSi3 and CeRhSi3 by the full-potential linearized 
augmented plane-wave method within the local-density 
approximation.  For CeRhSi3, 4f electrons of Ce were 
treated as itinerant and a PM state was assumed. 

Fig.1.: P-T phase diagram of CeRhSi3
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3.
inversion-asymmetry-split sheets: small hole, large hole, 

and electron sheets.  These sheets explain experimental 
dHvA frequencies in the (010) plane of LaRhSi3 very well: 
calculated and observed frequencies agree mostly within a 
few % for frequencies larger than 2000 T.  In the dHvA 
spectrum for B // c [Fig. 2(a), top curve], the frequencies a1, 2

are from the electron sheets and the largest ones predicted for 
this field direction, while b1, 2 are from the large hole sheets. 

The spectra of CeRhSi3 at P = 29.5 kbar are distinctly 
different from the LaRhSi3 spectrum [compare the top and 
second curves in Fig. 2(a)].  Especially, we note that the 
frequencies A and B in CeRhSi3 are larger than a1, 2, the 
largest frequencies for the FS of LaRhSi3.  This strongly 
suggests that the FS volume of CeRhSi3 at 29.5 kbar is 
larger than that of LaRhSi3, including Ce 4f electrons.  
Although we have conjectured that Pc ~ 26 kbar and hence 
have assumed that CeRhSi3 is PM at 29.5 kbar, one might 
argue that Pc in fields could be higher in the light of a 
recent report of field-induced antiferromagnetism in 
CeRhIn5.  In fact, even if CeRhSi3 is AFM at 29.5 kbar, 
we can argue similarly for the itinerant f electrons.  
Suppose that CeRhSi3 were an antiferromagnet with 
localized Ce 4f electrons.  Then, its FS would be that of 
LaRhSi3 but truncated by AFM gaps.  dHvA measurements 
would find smaller orbits than original ones on the LaRhSi3
FS because of the truncation and probably the original ones 
due to MB, but not larger ones like A and B. 

According to the band structure calculations, as La is 
replaced with Ce, the small hole sheets disappear, and the 
large ones shrink, while the electron sheets expand.  The 
frequencies A, B, and C can be attributed to the enlarged 
electron sheets.  The former two will be on the kz = 0 
plane, while the last on the kz = p/c plane.  The frequency 
D can be attributed to one of the shrunk hole sheets.  (We, 
however, note that these assignments are tentative.  The 
calculated and observed frequencies for B and C differ by 
~20%.)  The appearance of the series of frequencies D, 
D+d, and D+2d suggests MB between the D orbit and 
others.

Fitting the theoretical thermal damping factor to 
experimental T-dependences of oscillation amplitudes in 
the field range 11 < B < 17.75 T, we estimate the effective 
masses for the orbits B, C, and D at 21, 14.6, and 8.1me,
respectively.  DHvA oscillations from the A orbit are too 
weak to determine the associated mass reliably: a very 
rough estimate is ~50me.

Although the frequency A is observed only at the two 
highest pressures, the frequencies B, C, and D can be traced 
down to low pressures.  As P is lowered, they do not show 
any discontinuous change that may indicate the localization 
of the f electrons [Figs. 2(a) and (b)].  They exhibit only 
weak P dependences: dln F / dP = ~2, -1.4, and -2.2 x 10-3

kbar-1 for the frequencies B, C, and D, respectively.  We 
stress that the observation of the B frequency at 11.8 kbar is 
most likely a sign that the Ce 4f electrons remain itinerant 
in the AFM phase (at least down to this P). 

4.
The dHvA spectra strongly suggest that Ce 4f electrons 

remain itinerant in the AFM phase of CeRhSi3.  No 
divergence of m* is observed as a function of P, which is 
also compatible with the itinerant-f scenario for the AFM 
QPT. 

[1] N. Kimura et al., PRL 95, 247004 (2005), PRL 98, 
197001 (2007). 
[2] N. Kimura et al., Physica B 294-295, 280 (2001). 
[3] T. Terashima et al., PRB 76, 054506 (2007). 

αβ αβ

Fig.2.: (a) Fourier spectra of dHvA oscillations in LaRhSi3
at ambient P (top curve) and CeRhSi3 at various pressures.  
The thin dotted curve (LaRhSi3) and the solid curves are 
Fourier transformations in the field range 11 < B < 17.75 T, 
while the thick dotted curves shown for some pressures are 
based on narrower ranges in the high field side, typically 
16.5 < B < 17.75 T, to enhance weak high frequencies.  (b) 
Pressure variation of the frequencies B, C, and D.  The 
dotted lines show dlnF/dP = 2.4, -1.4, and -2.2 x 10-3 kbar-1.
(c) Pressure variation of the effective masses (in the units of 
the free electron mass) for the orbits C and D.  The masses 
were determined from the T-dependences of dHvA 
oscillation amplitudes in the field range 11 < B < 17.75 T. 
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CeRhSi3
Upper Critical Magnetic Field of the Noncentrosymmetric Heavy-Fermion Superconductor CeRhSi3

T. Sugawara, N. Kimura, H. Aoki 
Graduate School of Science, Tohoku Univ. 

T. Terashima 
National Institute for Materials Science 

Abstract:
CeRhSi3 is a noncentrosymmteric heavy-fermion pressure-induced superconductor discovered in 2005 by N. Kimura 

et al [1]. It exhibits the antiferromagnetic order up to 2.6GPa while its superconducting transition occurs above 1GPa. We 
determined the temperature dependence of the upper critical magnetic fields(Hc2(T)) at 2.8GPa for fields along the tetragonal 
a- and c-axes by measuring the resistivity. They are quite anisotropic: Hc2(0) for H c largely exceeds 20T whereas Hc2(0)
for H a reaches 5.8T, although the BCS model predicts an isotropic upper critical magnetic field. The anisotropic Hc2 with 
very high Hc2(0) for H c is explained by the anisotropic paramagnetic pair-breaking effect for noncentrosymmetric 
superconductors. CeRhSi3 is probably the first example that the noncentrosymmetric structure strongly affects 
superconducting properties. 

Keywords: noncentrosymmetric superconductor, heavy-fermion, CeRhSi3
E-mail: t.sugawara@mail.clts.tohoku.ac.jp 
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Fig. 1: Crystal structure of CeRhSi3.
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[1] N. Kimura et al., Phy. Rev. Lett. 95 (2005) 247004. 
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Fig.2: H-T phase diagram of CeRhSi3 at 2.8GPa for 
fields along the a- and c-axes.

Fig. 3: Schematic illustration of the split of the energy 
band(Fermi surface) and the anisotropy of paramagnetic 
pair-breaking effect in noncentrosymmetric superconductors.
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(Me-3,5-DIP)[Ni(dmit)2]2 II
Fermi surface of magnetic organic conductor (Me-3,5-DIP)[Ni(dmit)2]2 II 

A B C D CREST*

AB B B B B B AB

CD D* CD*

K. HazamaAB, T. YamaguchiB, M. KimataB, A. HaradaB, T. SatsukawaB, T. TerashimaB,S. UjiAB,
Y. Kosaka C*, H. M. Yamamoto D*, R. Kato CD*

Institute of Materials Science, University of TsukubaA

NIMSB, Saitama UniversityC, RIKEND, CREST* 

Abstract:
    Since newly synthesized organic conductor (Me-3,5-DIP)[Ni(dmit)2]2 has both localized electron spins and conduction 
electrons in the anion Ni(dmit)2 layers, it has been expected that intriguing conducting properties arise from the 
bi-functionality.  In order to investigate the electronic state, we have measured quantum oscillation measurement.  This 
result reflects two different two-dimensional Fermi surfaces. 

Keywords: Magnetic field, Ca2+., Capacitaion, Acrosome reaction, Guinea pig sperm 
E-mail: sankai@nibio.go.jp 
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[1] S. Uji, et al. Nature, 410 (2001) 908-910. 

[2] Y. Kosaka, et al. JACS, 129(11) 2007 3054-3055. 

Fig.3 (a)SdH (Shobnikov-de Haas) oscillation. (b) 
Close-up of the oscillation from 13 T to 13.2 T. 

Fig.4 Fourier transform spectrum of the SdH 
oscillation.

(a) bc*rotation at 26mK 

(b) ac*rotation at 26mK 

Fig.5 Field angle dependence of frequencies. 
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CsOs2O6
Fermi-surface study on CsOs2O6

T. Terashima, S. Uji 
National Institute for Material Science 

Y. Nagao, J. Yamaura, Z. Hiroi 
Univ. Tokyo 

H. Harima 
Kobe Univ. 

Abstract:
    We have performed de Haas-van Alphen effect (dHvA) measurements and band-structure calculations for CsOs2O6.
Sixteen dHvA frequency branches are observed in the (110) plane.  The Fermi surface consists of hole and electron surface.  
The topology of the measured Fermi surface can be described by the band-structure calculations if slight rigid band shifts are 
incorporated.  The electron surface has through holes in the <111> directions, indicating that the van Hove singularity is 
above the Fermi level unlike previously thought. 

Keywords:
E-mail: TERASHIMA.Taichi@nims.go.jp 

1.
The search for and the study of superconducting 

transition-metal oxides are certainly one of the most active 
areas in the solid state physics.  The b-pyrochlore osmium 
oxides AOs2O6 (A = K, Rb, and Cs) joined the 
superconducting oxides club recently [1]: the 
superconducting transition temperature Tc = 9.6, 6.3, and 
3.3 K for A = K, Rb, and Cs, respectively.  In this article, 
we report results of de Haas-van Alphen (dHvA) 
measurements and band-structure calculations for CsOs2O6

[2].  We determine the detailed shape of the Fermi surface 
by comparing the measured angular dependence of dHvA 
frequencies with band-structure predictions. 

2.
The single-crystal sample of CsOs2O6 used for the dHvA 

measurements was taken from a batch of crystals prepared 
in a way similar to that described in Ref. [3].  Very high 
quality crystals can be grown in this way as evidenced by a 
large residual resistivity ratio of 750 observed in another 
crystal from the present growth batch.  The crystal axes of 
the sample were determined by X-ray diffraction.  DHvA 
oscillations were measured with the field-modulation 
technique. The electronic band-structure of CsOs2O6 was 
calculated by using a full potential LAPW (FLAPW) 
method with the local density approximation (LDA) for the 
exchange-correlation potential. 

3.
We performed two field sweeps at each field direction: 

one from B = 7 to 13.9 T, and the other from 14 to 17.5 T.  
We show Fourier transforms of dHvA oscillations in high 
symmetry directions, [001], [111], and [110], in Fig. 1.   

Fig.1.: Fourier spectra of dHvA oscillations in CsOs2O6 at 
T = 0.05 K for the high symmetry directions.  The field 
ranges used are 7 < B < 13.9 T (solid lines) and 14 < B < 
17.5 T (dotted lines).  Fundamental frequencies are 
labeled with Greek letters, and '2b, 3b, etc. indicate the 
second and the third harmonic of b and so on.  The insets 
show the spectra of long field sweeps specially performed 
to resolve finely spaced low frequencies:  3 < B < 17.5 T 
for [001] and 4 < B < 17.5 T for [110]. 
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The spectra of the low-field sweeps (solid lines in Fig. 1) 
have a higher frequency resolution because of the wider 
1/B range used, and also low-frequency oscillations are 
generally easier to see in the low-field spectra as explained 
above.  On the other, the high-field spectra (dotted lines in 
Fig. 1) show high-frequency oscillations more clearly.  We 
note that these spectra are rich in harmonic content, which 
is an indication of a good sample quality.  The angular 
dependence of dHvA frequencies are shown in Fig. 2.  
Since some discrepancies were found between theoretical 
dHvA frequencies prdecited by the original band-structure 
calculation and experimental ones, we tried some 
adjustments by shifting each band in energy while keeping 
the carrier compensation.  Figure 2(b) shows the Fermi 
surface obtained by lowering band-111 by 1.1 mRy and 
raising band-112 by 0.5 mRy.  Theoretical dHvA 
frequencies calculated from this Fermi-surface model 
explain experimental ones very well as shown Fig. 2(a).  
The electron surface has through holes in the <111> 
directions, indicating that the van Hove singularity is above 
the Fermi level unlike previously thought. 

4.
We have performed detailed dHvA measurements and 

band-structure calculations for CsOs2O6.  By comparing 
the experimental angular dependence of dHvA frequencies 
with the calculated one, we have found that the topology of 
the Fermi surface can be described by the band-structure 
calculations if slight rigid band shifts are incorporated. 

[1] Yonezawa et al., J. Phys.: Condens. Matter 16, L9 
(2004), JPSJ, 73, 819 (2004), 73, 1655 (2004). 
[2] T. Terashima et al., PRB 77, 064509 ( 2008) .
[3] Z. Hiroi et al., PRB 76, 014523 (2007). 

Fig.2.: (a) Angular dependence of dHvA frequencies.  The circles and 
diamonds denote experimental frequencies determined from the high-field 
and the low-field sweeps, respectively.  Fundamental frequencies are shown 
by filled symbols, while harmonics by open symbols.  The sizes of the 
symbols are based on the amplitudes of dHvA oscillations.  The squares 
indicate frequencies determined from the special long field sweeps.  The 
Greek letters indicate the names of the frequency branches.  The small + 
and x marks show frequencies predicted by the band-structure calculations, 
which yield the Fermi surface shown in (b).  (b) (b) The adjusted Fermi 
surface.  To obtain this Fermi surface, the bands are slightly shifted in 
energy while the charge neutrality is kept (see text).  The inner and outer 
sheets of the band-112 surface are connected, and through holes appear in the 
the <111> directions. 
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L-(DMEDO-TSeF)2[Au(CN)4](THF)

Fermi surface of the layered organic superconductor L-(DMEDO-TSeF)2[Au(CN)4](THF) with domain structures 

Tadashi Kawamoto and Takehiko Mori 
Tokyo Institute of Technology 

Yamaguchi Takahide, Taichi Terashima, and Shinya Uji 
National Institute for Materials Science 

Takashi Shirahata, Megumi Kibune, Hiroko Yoshino, and Tatsuro Imakubo 
RIKEN

Abstract:
The Fermi surface of the layered organic superconductor L-(DMEDO-TSeF)2[Au(CN)4](THF) with thick anion layers has been 

investigated, where DMEDO-TSeF is dimethyl(ethylenedioxy)tetraselenafulvalene.  The Shubnikov-de Haas oscillations show a 
fundamental closed orbit with 24% cross sectional area and a magnetic breakdown orbit with 102% of the first Brillouin zone.  This
indicates that energy gaps open along the zone boundary due to the symmetry lowering originating from the structural phase 
transition.
Keywords: high magnetic field, organic superconductor, Shubnikov-de Haas oscillation 
e-mail: kawamoto@o.cc.titech.ac.jp 
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(Fig.1) [2]

Fig.2

Fig. 1: (a) DMEDO-TSeF and THF molecules.  Crystal 

structures at (b) T > Td and at (c) T < Td.

Fig. 2 Schematic drawing of the Fermi surfaces both at (a) T > 

Td and at (b) T < Td.
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(Fig.2 (b))

SdH

1/cos

(Fig.4)

Table 1
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Fig. 3 (a) Magnetoresistance at 35 mK (B // b*).  (b) The FFT 

spectrum of the SdH oscillation. 

Fig. 4 (a) Angular dependence of the SdH frequencies and (b) 

mass plots. 

Table 1.  Shubnikov-de Haas frequency, cross-sectional 

Fermi-surface-area, effective cyclotron mass, and the Dingle 

temperature for the  and  orbits. 

Orbit F (T) A / ABZ(%) m*/m T  (K)

1.1 X 103

4.6 X 103

24

102

5.1

6.3

1.4

2.3

4.

2

L-(DMEDO-TSeF)2[Au(CN)4](THF) SdH

35°

5.

[1] T. Shirahata, M. Kibune, and T. Imakubo, Chem. Commun. 

1592 (2006). 

[2] T. Kawamoto, T. Mori, T. Kakiuchi, H. Sawa, T. Shirahata, 

M. Kibune, H. Yoshino, and T. Imakubo, Phys. Rev. B 76,

134517 (2007). 
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Anomalous Magneto-Transport in Organic Conductors 
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TERASHIMAA, Shinya UJIAB, Yasukata IMANAKAA, Tadashi TAKAMASUA, Hiroshi YAMAMOTOC, Reizo KATOC,

Toshio NAITOD, Tamotu INABED

ANIMS, BUniversity of Tsukuba, CRIKEN, DHokkaido University 

Abstract:
The high field physical properties of two kinds of charge ordered organic semiconductors have been measured at low 

temperatures. For -(BEDT-TTF)2CsZn(SCN)4, simultaneous measurement of electron-spin-resonance (ESR) and electrical 
resistance have been performed. On the other hand, magnetoresistance and magnetic torque measurement have been 
performed for TPP[Fe(Pc)(CN)2]2. The increase of conductance associated with the ESR spin reversal was observed in the 
former compound at low temperatures, but the detailed feature has not been specified yet. In the latter compound, very large 
magnetoresistance associated with the change of magnetic torque was observed. This result suggests that the 
magnetoresistance is originated from some magnetic phase transition.  

Keywords: Electron-spin-resonance (ESR), Large magnetoresistance 
E-mail: KIMATA.Motoi@nims.go.jp 
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[1]Y. Takahide et al., Phys. Rev. Lett. 98, 116602 (2007). 

[2]N. Hanasaki et al., J. Phys. Soc. Jpn. 75, 033703 (2006). 

Fig. 1. (a)Temperature dependence of ESR spectra for 
67.41 GHz. (b) Simultaneously measured normalized 
conductivity at same temperatures.  
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Fig.2. Temperature dependence of magnetoconductance 
in TPP[Fe(Pc)(CN)2]2.  

Fig.3. Magnetic torque curve  of TPP[Fe(Pc)(CN)2]2
at various temperatures. 
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InN
Study of the superconductivity of InN 

Takashi Inushima 
Department of Electronics, Tokai University 

Shinya Uji, Yoshihiko Takano 
National Institute for Materials Science 

Abstract:
Ac susceptibility of superconducting InN was measured by the use of double 10,000 turn sampling coils together with a 

20 T magnet system equipped with a He3 refrigerator, from room temperature to 0.3 K.  All the investigated InN samples 
showed strong susceptibility changes below 9 K.  However, there was a similar resistivity change when measured without 
samples, suggesting that the signals were from the sampling coils. 

Keywords: InN, ac susceptibility, Meissner effect 
E-mail: inushima@keyaki.cc.u-tokai.ac.jp 
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InN

3.

InN

InN

Fig.1 Temperature dependence of ac susceptibility 
signals vs. the field of InN (R1044, Tc=1.3 K). 
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the ac susceptibility signals measured with and 
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Black SmS 
Field induced insulator to metal transition of black SmS  

K. Imura , K. Deguchi, N. K. Sato 
Nagoya University  

K. Matsubayashi 
ISSP Univ. of Tokyo 

H.S. Suzuki, T. Takamasu, Y. Imanaka, K. Takehana 
National Institute for Materials Science 

Abstract:
We measured transport properties of the semiconducting phase of SmS under high pressure and in high magnetic field. 

We observed that the transport gap Eg decreases with increasing pressure and/or magnetic field. We argue that the negative 
magnetoresistance observed is intrinsic to black SmS and magnetic field plays a similar role to pressure in the gap reduction. 

Keywords: SmS, metal insulator transition, high pressure, transport property 
E-mail: imura.keiichiro@a.mbox.nagoya-u.ac.jp, kensho@cc.nagoya-u.ac.jp 
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Eg 1000 K

golden phase, P > Pc1 1

Eg black

phase

Konczykowski

 [1]

Eg

Eg golden phase
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 (Fig.1 (a) )
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Fig.1 (a) Piston cylinder clamp cell, consisting of a 
NiCrAl inner and BeCu outer cylinder. (b) SmS and 
manometer (lead). 

(a) (b) 
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3.

black phase intrinsic

Fig.2 P = 3.8 kbar

Eg

H = 28 T Eg

1

golden phase

golden phase

Eg

3.

Fig.2 Temperature dependence of electrical resistivity 
at P = 3.8 kbar in a fixed magnetic field. 
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Pressure effect on steplike magnetostriction of bilayer manganite single-crystal 

M.Matsukawa, T. Kumagai , Y. Yamato 
Faculty of Engineering, Iwate University 

K.Koyama, N. Kobayashi 
Institute for Materials Research, Tohoku University 

S.Nimori
National Institute for Materials Science 

R.Suryanarayanan A.Revcolevschi
Université Paris-Sud, France 

Abstract:
    We report the unusual pressure effect on a steplike lattice transformation of single crystalline (La0.4Pr0.6)1.2Sr1.8Mn2O7
bilayered manganite, for  our understandings of the ultrasharp nature of the field-induced first-order transition from a 
paramagnetic insulator to a ferromagnetic metal phase. Application of pressure suppresses a steplike transformation and 
causes a broad change in the magnetostriction. A delocalization of carriers is promoted with the applied pressure, resulting in
the suppressed steplike behavior. Our findings strongly support that the step phenomenon is closely related to the existence of
localized carriers such as the short-range charge-ordered clusters. 

Keywords: bilayered manganite, pressure effect, steplike magnetostriction 
E-mail: matsukawa@iwate-u.ac.jp 
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II-VI
Faraday rotation spectroscopy in II-VI semiconductors at high magnetic fields 

Y. Imanaka 
National Institute for Materials Science 

Abstract:
   Faraday rotation experiments in CdS and CdSe have been performed at high magnetic fields up to 25T with the use of the 
water-cooled Bitter magnet in NIMS. The Verdet coefficient is obtained in the wide range of the photon energy, increasing 
drastically near the band gap energy in CdS. In CdSe, however, the Verdet coefficient turns into the negative value from the 
positive one in the vicinity of the band gap energy. This anomaly is observed clearly for the first time, and the negative Verdet
coefficient is probably explained by the large contribution from the optical transition of the light-hole band in CdSe.

Keywords: Faraday rotation, II-VI semiconductors, Magnetic field, Spectroscopy 
E-mail: IMANAKA.Yasutaka@nims.go.jp 
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Fig 1: Faraday rotation spectra in CdS at T=4.2K 
up to 25T. 
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Fig 2: The photon energy dependence of the Verdet 
coefficient in CdS (red curve) and CdSe (blue curve).  
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Nb3Al
Development of Cu Stabilized Nb3Al Strands for the High Field Accelerator Magnet 

,
A. Kikuchi, T. Takeuchi  ; National Institute for Materials Science 

, ,
K. Nakagawa, K. Tanaka, K. Tagawa  ; Hitachi Cable, Ltd. 

M. Kobayashi  ; Hikifune, Co., Ltd. 
R. Yamada, E. Barzi, M. Lamm, D. Turrioni, A. Zlobin 

Fermi National Accelerator Laboratory 
, , , ,

K. Tsuchiya, K. Sasaki, T. Nakamoto, M. Wake, A. Yamamoto ; KEK, High Energy Accelerator Research Organization 

Abstract:
    One kilometer-long copper stabilized Nb3Al round strands were economically fabricated with ion-plating and 
electroplating.  The copper electroplating was successfully done at with the high velocity of 7 m/h.  A strong bonding 
between the copper and the precursor was achieved, and the mechanical rolling test did not show the separation of the copper 
stabilizer from the precursor.  The rolled Nb3Al strands showed no degradation both in critical current density and RRR
value.  Magnetic instability at 4.2 K at low fields was apparently improved on the recent F3 strand, relative to the previously
F1 stand because a tantalum barrier was used for the interfilament matrix of precursor.  The large magnetic flux jumps, 
which were observed with the F1 strand, were suppressed at 4.2 K. 

Keywords: 1km long Nb3Al strand, Cu stabilizer, Rutherford cable, non Cu Jc, Magnetization, Flux jump, Ta, Nb 
E-mail: KIKUCHI.Akihiro@nims.go.jp 

1.
1980 NIST J. W. Ekin A15

Jc
Nb3Al

Nb3Sn Sn
Jc 2,500-3,000

A/mm2 (4.2K, 12T) non Cu Jc

950MHz-NMR
m

Sn
Nb3Sn

Sn RRR
Sn

Sn
RHQT Nb3Al

Sn

Nb3Al

RHQT Nb3Al
Nb3Al

Ta F3

2.
F1 Nb

F3 Ta
RRR non Cu Jc

3.

Strand ID F1 F3 

Strand Dia. (with Cu) 1.03 mm 1.00 mm 

Strand Dia. (without Cu) 0.72 mm 0.70 mm 

Number of JR Filament 144 222 

Geometric Filament Dia. 50 m 38 m

Cu/non-Cu ratio 1.0 1.0 

Filament Barrier Niobium Tantalum 
Central Core of Filament Niobium Tantalum 
Central Dummy Filament Niobium Tantalum 

Skin Matrix Niobium Niobium 

Area Reduction after RHQ 71.6 % 71.6 % 
Ic (4.2 K, 12 T) 582.9 A 581.3 A 
Ic (4.2 K, 15 T) 351.5 A 343.0 A 

non-Cu Jc (4.2 K,12 T) 1,400 A/mm2 1,481 A/mm2

non-Cu Jc (4.2 K, 15 T) 844.2 A/mm2 873.8 A/mm2

n value (4.2 K, 12 T) 40.3 49.9 

n value (4.2 K, 15 T) 35.5 40.3 

RRR (20K/300K) 150-200 80-170 

Table 1.  1 km Cu stabilized Nb3Al strand specification 
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Fig. 1.  Cu electroplating velocity.

Fig. 2.  Rolling deformation test for F3 strand. 

Fig. 3.  180 degree bent test for F3 strand. 

Fig. 4.  Non-Cu Jc at 4.2 K of rolled F3 strands. 

Fig. 6.  The comparison of magnetization curves (a) 
between F1 and F3 for 4.2 K with field ramping rate of 1 
T/min, (b) between 4.2 K and 1.9 K for F3 strand with twist 
pitch of 45.0 mm. 
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Development of Ta-matrix Nb3Al superconducting wire 

Kiyosumi Tsuchiya, Chikaori Mitsuda, Akio Terashima, Akira Yamamoto 
KEK, High Energy Accelerator Research Organization 

Takao Takeuchi, Nobuya Banno, Akihiro Kikuchi, Shigeki Nimori, Yasuo Iijima 
National Institute for Material Science 

Keisuke Okamoto, Takahiro Fukuda, Kouki Takenaka, Tomoaki Takao 
Sophia University 

Kohei Tagawa, Kazuhiko Nakagawa, Kazuhide Tanaka 
Hitachi Cable, Ltd. 

Abstract:
    We have been developing the rapid heating /quenching and transformation (RHQT) processed Nb3Al wires for the future high 
field accelerator magnet. However, recently it was found that the standard Nb-matrix wire exhibited a rather strong magnetic 
instability at low fields. Accordingly we have started the development of Ta-matrix Nb3Al wires. A precursor wire, in which the 
volume fraction of Ta-matrix is 0.8, was fabricated, and the mechanical properties of the wire were investigated and compared with
those of the Nb-matrix wire. Also the influences that the RHQ condition and the area reduction after the RHQT treatment give to the 
non-copper Jc and n-value of the wires were studied.  

Keywords: accelerator magnet, Nb3Al wire, critical current density, mechanical properties 
E-mail: kiyosumi.tsuchiya@kek.jp 
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Table 1.  Wire parameters.
Wire ID ME476 ME451 
Wire diameter (mm) 1.35 1.37  
Matrix Ta Nb 
Matrix Ratio 0.8 0.7  
Filament spacing ( m) 8 6.4  
Number of filaments 222 294  
Filament diameter ( m) 69 63 
Non-Cu Jc (A/mm2)
      @ 15T, w/o AR 623   
      @ 15T, w  AR 807 923 

150 mm Ic 3 V(20 V/m)

 n 10~40 V/m

Ic %

n ~30%

3.

bcc

(Ta core) (Ta sheath)

Fig. 1 

Nb Ta 
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Fig. 1. Vickers hardness of the Ta-matrix wire as a function of 

the area-reduction level. 

Fig. 2. Yield strengths and fracture elongations of the Ta- and 

Nb-matrix wires. 

(10g)

Fig. 2 

0.2% Nb

Ta

Ta

Nb

Fig. 3 RHQ

Nb

Fig. 3. Non-copper Jc for samples with various RHQ currents. 

Fig 4.  Non-copper Jc for the samples with various RHQ    

currents as a function of the area-reduction level.  

Nb-Al bcc RHQ

Fig. 4 RHQ

RHQ
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90% n- Nb

 20~30
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[1] A. Kikuchi et al., ”Characteristics of Round and Extracted 

Strands of Nb3Al Rutherford Cable”, IEEE Trans. Appl. 

Superconductivity, Vol. 17, No. 2, p. 2697 (2007) 

0

200

400

600

800

1000

0 10 20 30 40 50 60 70 80

223.0 A
224.5 A
226.0 A
227.5 A
229.0 A
230.5 A

N
on

-C
u 

Jc
 (A

/m
m

2
)

AR ratio (%)

B = 15 T

0

100

200

300

400

500

600

700

222 224 226 228 230 232

N
on

-C
u 

Jc
 (A

/m
m

2
)

RHQ Current (A)

0

100

200

300

400

500

600

700

0 10 20 30 40 50 60 70

sheath
core
outer filament
inner filament

V
ic

ke
rs

 h
ar

dn
es

s

AR ratio(%) 

700

800

900

1000

1100

1200

1300

1400

1500

0

5

10

15

20

0 10 20 30 40 50 60 70 80

Ta-matrix(ME476-226A)
Nb-matrix(ME451-228A)

0.
2 

%
 Y

ie
ld

 s
tre

ng
th

 (M
P

a)

Fr
ac

tu
re

 e
lo

ng
at

io
n 

(%
)

AR ratio(%)

0.2% Yield strengthElongation

- 34 -



Nb3Al
Development of matrix-reduced Nb3Al conductors 

N. Banno, T. Takeuchi, Y. Iijima, A. Kikuchi 
National Institute for Materials Science 

( )    
K. Tagawa, K. Nakagawa 

Hitachi Cable, Ltd. 

Abstract:
    The reduction of the matrix ratio is expected to directly improve the overall critical current density of the transformed 
Nb3Al conductors. This is simply because it is believed that the property of the transformed Nb3Al phase does not depends on 
the wire configuration like the filament size or matrix ratio; the property is principally controlled by the rapid-quenching 
condition or the transformation condition. Therefore, the main purpose on the study of the matrix reduction is focused on 
investigation of two subjects; (1) the drawability of the composite precursor wire, (2) the feasibility of the rapid-heating and
quenching (RHQ) process. In this work, two types of Nb3Al conductor with different low matrix ratio of 0.25 and 0.5 are 
designed. In order to compensate the mechanical strength, Ta matrix was used instead of Nb on both wires, because Ta has 
better yield strength. In case of the lower matrix ratio wire, it might be summarized that the drawing is possible but the RHQ 
treatment is not possible. In case of the 0.5 matrix ration wire, it might be summarized that the drawing would be possible 
and the RHQ treatment also would be possible; however it is necessary to avoid the unwonted bend strain subjected on the 
wire in the RHQ treatment. 

Keywords: Nb3Al, matrix ratio, RHQ, drawability 
E-mail: banno.nobuya@nims.go.jp 
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Fig. 1.  Result on the drawing process of Wire A (matrix 
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Fig. 2.  (a) Wire A: matrix ratio; 0.25, diam.; 1.0 mm 
           (b) Wire B: matrix ratio; 0.5, diam.; 1.13 mm 
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Sn Nb3Sn Jc
Microstructure and Jc property of Nb3Sn wires using high Sn bronze 

( )
Kohei Tagawa, Shoji Inaba, Katsumi Miyashita 

Hitachi Cable, Ltd. 

Takao Takeuchi  
National Institute for Materials Science 

Abstract:
For the Jc property improvement of the bronze method Nb3Sn wires in high magnetic fields, the wire was manufactured 

by using 17wt% Sn bronze. And then, differences of microstructure and Jc properties by heat-treatment conditions of three 
patterns were investigated. 

 Because there was not correlation in the Nb3Sn layer thickness and the Jc property, it was confirmed that the increase 
of the Nb3Sn layer thickness was not tied to the improvement of the Jc property directly. 

 On the other hand, there was correlation in the grain size and the Jc property, the Jc showed a tendency to become 
higher so that grain size was small. 

Keywords: microstructure, grain size, non Cu Jc, Nb3Sn, high Sn bronze 
E-mail: Tagawa.kohei@hitachi-cable.co.jp 
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16%Sn 17%Sn Table 1

Figure 1

Figure 2 3

Jc 3.

SEM Figure 3

non Cu Jc-B Figure 4 Figure 3

pattern 2 pattern 3 Nb3Sn

Jc

Jc-B pattern 3 

Jc pattern 2 pattern 1 Jc

Wire 17wt% Sn 
Size (mm) 1.29 x 2.13 
Bronze composition Cu-17%Sn-0.3%Ti 
Filament diameter ( m) 4.0 
Filament number 50,749 
Cu ratio 0.27 

Table 1. Specifications of Nb3Sn wires 

Fig.1 Cross-sectional view of the Nb3Sn wire 
used 17wt%Sn Bronze 
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Figure 3 SEM Nb3Sn
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Fig. 5. Measurement of grain size (Pattern 1) 
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RHQT Nb3Al
RHQT Nb3Al superconducting wire prepared with rapid heating and quenching conditions 

Y. Iijima, A. Kikuchi, N. Banno and T. Takeuchi 
National Institute for Materials Science 

Abstract:
    The RHQT (rapid-heating, quenching and transformation) processed Nb3Al superconducting wire has a larger critical 
current density Jc in high magnetic fields and better strain tolerance than Nb3Sn does.  Thus, the Nb3Al wire is one of the 
most promising candidate superconductors for the large-scale and high-field applications.  In this study, we investigated for 
optimization of the RHQ condition about JR wire of the short Nb/Al diffusion distance.  And we examined the effect of the 
superconduction characteristic improvement of RIT and JR wire which gave drawing. 

Keywords: Rapid-Heating, Quenching, Transformetion, Niobium 3 Aluminum, Superconducting wire 
E-mail: IIJIMA.Yasuo@nims.go.jp 
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Fig. 1 Dependence of Tc on reduction ratio of 
cross section. 
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16wt%Sn Nb3Sn Jc-B
Jc-B properties of rectangular shaped Nb3Sn superconducting wires prepared with 16wt%Sn bronze. 

JASTEC *1

Yukinobu Murakami , Hiroyuki Yasunaka*1 , Seiji Hayashi 
Japan Superconductor Technology Inc. 

*1 Sinko Research Co,.Ltd. 

Shinji Matsumoto , Toshihisa Asano , Kikuo Itoh , Tsukasa Kiyoshi 
National Institute for Materials Science 

Abstract:
A rectangular shaped Nb3Sn superconducting wire with 16wt%Sn bronze was manufactured to investigate the critical 

current density (Jc). The Jc-B properties of the wires prepared with several conditions of three-step heat treatment were 
measured in high magnetic field region by the hybrid magnet in NIMS. As the results, all samples show almost same Jc in 
high magnetic field higher than 21T, but the sample that was heat-treated for longer duration at lower temperature shows 
higher Jc in relatively low magnetic field. 

Keywords: Nb3Sn superconducting wire, critical current density, 16wt%Sn bronze, three-step heat treatment 
E-mail: murakami-jastec@kobelco.jp 

1.
Nb3Sn Sn

16wt%Sn Nb3Sn
1) 2) Nb3Sn

2
Jc
16wt%Sn Nb3Sn

2 Jc

2 Jc
Nb3Sn

Jc
3

Jc

2.
Nb3Sn Fig.1

Table 1
2

Jc
3) Jc

Table 2
HT-1 HT-5 5 3

Jc 1 2
Ref-1,2

550 -620 -700
HT-1 HT-5

Jc

Cu to non Cu ratio 0.3 

Bronze matrix Cu-16wt%Sn-0.5wt%Ti 

Filament material Nb 

Number of filaments 20311 

Filament diameter ( m) 5.0 

 Temperature and duration 

Sample 550  620  700

Ref-1 - - 100hrs 

Ref-2 - 150hrs 50hrs 

HT-1 100hrs 50hrs 50hrs 

HT-2 50hrs 100hrs 50hrs 

HT-3 50hrs 50hrs 100hrs 

HT-4 150hrs 50hrs 50hrs 

HT-5 50hrs 150hrs 50hrs 

Fig. 1  Cross sectional view of the Nb3Sn wire

Table 1 Specifications of the Nb3Sn wire

Table 2 Heat treatment condition of the samples
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4 I-V
10 V/m Ic

Ic nonCu Jc
30T

3.
HT-1 HT-5 Jc

nonCu Jc Fig.2 18T
20T Jc

Fig.3 Fig.2 Jc
Fig.3 620

(HT-2 HT-5) Jc

HT-5 Ref-1 Ref-2 Jc
Fig.4 1 Ref-1

3 HT-5 Jc
2 Ref-2

1 550

550
Jc
620 Jc

4.
16wt%Sn Nb3Sn

5 3 Jc
3 1

Jc 2
Jc 550

Jc
Jc 620

Jc

1) 16wt%Sn
Nb3Sn TML Annual Report 2003, p.48-49. 
2) 16wt%Sn
Nb3Sn TML Annual Report 2004, 
p.68-69.
3) 16wt%Sn
Nb3Sn Jc-B TML Annual Report 2006, 
p.59-60.

Fig.2  Jc-B properties of the sample for several 
three-step heat treatment conditions.

Fig.3  Comparison of the sample Jc at 18T and 20T

Fig.4  Comparison of Jc-B properties with different 
heat treatment steps. 
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ITER Nb3Sn JcBT
Measurement of the JcBT  characteristics of Nb3Sn superconductor for ITER 

Yoshio OKUI, Tsutomu HEMMI, Yoshihiko NUNOYA 
Japan Atomic Energy Agency 

Kikuo ITO  
National Institute for Material Science 

Abstract:
    We are examining the JcBT  characteristic of the superconducting wire for ITER in JAEA. The Walters-Spring in NIMS 
can apply more wide-ranging strain to the wires. But it was difficult to control the temperature of sample. We improved the 
shape of Spring and optimized parameters of temperature-control. We could measure the JcBT characteristic of Nb3Sn wires 
for ITER in wide range of strain and temperature. 

Keywords: ITER,Nb3Sn,JcBT
E-mail: nunoya.yoshihiko@jaea.go.jp 
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Fig. 1 Diagram of experimental set-up
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1100Mpa
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Fig. 3
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Ic

12T JcBT Fig. 4

Durham

4.

JcBT
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ITER Nb3Sn JcBT

2

Fig. 2 FEM analysis for improvement on the spring

Fig. 3 Results of temperature control at 12 T

Fig. 4 Ic vs Strain of Nb3Sn strand at 12 T
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Nb3Sn
High-Field Performance of Nb3Sn Superconductors Prepared by a new Process 

Kyoji Tachikawa, Yuuki Hayashi, Koei Nakata, Hiroki Sasaki, Masahiro Yamaguchi 
Faculty of Engineering, Tokai University 

Takao Takeuchi 
National Institute for Materials Science 

Abstract:
Sn-Ta based alloy buttons of different compositions were prepared by the reaction among constituent metal powders at 

780 . The buttons were then pressed into plates. Sn-Ti based alloy plates were sliced from the melt and cast ingot 
Resulting Sn-based alloy plates were rolled into thin sheets, which were laminated with a Nb sheet and wound into a Jelly 
Roll (JR) composite. The composite was encased in a sheath, and fabricated into a thin wire followed by a heat treatment at 
700-775 . The JR wires using Sn-based alloy sheets show a non-CuJc of 200-250 A/mm2 at 20T and a Bc2 (mid) of 26.8T at 
4.2K. It has been found that the Nb diffuses into the Sn-based alloy layers, and Nb3Sn layers are synthesized by the mutual 
diffusion between the Nb and Sn-based alloy. This new diffusion process yields thick Nb3Sn layers with stoichiometric A15 
composition, which may be the main origin of excellent high-field performance obtained in the present wires. 

Keywords: superconductor, Nb3Sn, Sn-Ta sheet, Sn-Ti sheet, Jelly Roll process, diffusion reaction, high-field performance 
E-mail: tacsuper@keyaki.cc.u-tokai.ac.jp 
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Nb3Sn JR

Ta 3at% Nb3Sn

Nb Ti Cu

Sn-Ta Fig.3

Sn-Ta Nb 35at%

Nb3Sn

Sn 25at% Nb
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Fig.4 Sn-Ta
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Fig.1 Bc2 transition at 4.2K for 4/1(Sn/Ta)-4Ti+3Cu 
sheet wire reacted at 750  for 100h. Non-Cu Jc’s at 
20T and 22T for Sn-Ta based sheet wire are also 
indicated.

Fig.2 Ic(non-Cu Jc) versus magnetic field curves of 
different Sn-Ti based sheet wires. 

Heat Treatment : 725 120h or 750 100h

Composition : (Sn/Ta at./ratio, 4/1) –3~7at%Ti+1~3wt%Cu
Non-Cu Jc(4.2K) : 200-250A/mm2 @ 20T, 120-150A/mm2 @ 22T
Heat Treatment : 725 120h or 750 100h

Composition : (Sn/Ta at./ratio, 4/1) –3~7at%Ti+1~3wt%Cu
Non-Cu Jc(4.2K) : 200-250A/mm2 @ 20T, 120-150A/mm2 @ 22T
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Fig.3  EPMA composition mapping of Nb (left), and line scanning curves (right) for Nb3Sn layer formed on 
the sheath in the 4/1(Sn/Ta)-3Ti+3Cu sheet wire reacted at 750  for 100h. 
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Fig.4  Schematic diffusion reaction in the Nb/Sn-Ta JR wire.
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Sn-Ta Nb3Sn

Critical current of the Nb3Sn wires manufactured from Sn-Ta based sheet at high magnetic fields 

Sakaru Endoh, Susumu Yagisawa, Masahiro Sugimoto, Hirokazu Tsubouchi 
Furukawa Electric Co.,Ltd. 

Kyoji Tachikawa 
Faculty of Engineering, Tokai University 

Akio Sato, Michio Kosuge 
National Institute for Materials Science 

Abstract:
    Critical current properties of the Nb3Sn wires manufactured by Jelly Roll (JR) process with Sn-Ta based alloy sheet at 
high magnetic fields were investigated. It has been known that the JR wires using Sn-Ta based alloy sheet show higher 
critical current properties than bronze-processed wires. The copper stabilized JR wires with different content of Sn-Ta based 
alloy sheet were manufactured and their performance was investigated by 30T hybrid magnet. In the JR wire using 
3/1(Sn/Ta)-2.5Cu-4Ti sheet and heat treated at 725 x100H, the critical current density without copper is 191A/mm2 at 20T. 
This result is appreciably higher than the critical current density of commercial bronze-processed Nb3Sn wires. 

Keywords: high magnetic field, superconductor, Nb3Sn, Jelly Roll process, Sn-Ta sheet, heat treatment condition 
E-mail: sakaru@ho.furukawa.co.jp 
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Ti #1 Ti #2 #3

Jc

Ti #2

Ti Nb3Sn

Ti 4at%

Ti Jc

Ti

Ti

Ti

#1 675 Jc

#2 #3 Cu Nb3Sn

#2 #3

Ti Cu

Cu

Ti Nb3Sn

#2 #3 725 750

30T

18T Fig.3

24T #3

21T
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#2-725 20T 191A/mm2 Nb3Sn

(16wt%Sn+0.2wt%Ti 130~150 A/mm2)

30~50%

#1 #2 #3
3/1-5Cu 3/1-2.5Cu-4Ti 4/1-3Cu-3Ti

Sn:Ta=3:1(at%) Sn:Ta=3:1(at%) Sn:Ta=4:1(at%)
Cu=5wt% Cu=2.5wt% Cu=3wt%

Ti=4at% Ti=3at%

Nb core Nb-1wt%Ta Nb-1wt%Ta Nb-1wt%Ta
Nb barrier Nb-1wt%Ti Nb-1wt%Ti Nb-1wt%Ti
Cu stabilizer 48% 32% 32%
Nb core 2% 4% 4%
Nb barrier 36% 34% 34%
Jelly roll 14% 30% 30%

Volume fraction

Sn-Ta

Wire No.

Composition

Table.1  Parameters of the Jelly Roll Sn-Ta based composite wires 

(A) Before heat treatment (B) After heat treatment (725 ×100hr)

Fig.1  Typical cross sectional view of #2 wire ( 1.0mm)

- 49 -



4.

Sn-Ta JR 50m

Nb3Sn

Sn-Ta Cu Ti

Jc

3/1(Sn/Ta )-2.5Cu-4Ti Jc

3/1-2.5Cu-4Ti

725

1) K. Tachikawa, Y. Koyata, T. Nakaze, Y. Ikeda and T. 

Takeuchi, “Structure and High-Field Performance of 

(Nb,Ta)3Sn Wires Prepared from Sn-Ta Sheet with Ti 

Addition”, Adv. Cryogenic Engineering, (Materials), 

Vol.52 (2006) pp481-488 

Wire #3Wire #2Wire #1

0
100
200
300
400
500
600
700
800
900

1,000
1,100

10 11 12 13 14 15 16 17 18
Magnetic field (T)

no
n-

C
u 

Jc
 (A

/m
m

2  @
4.

2K
,1

0-5
V/

m
) 750

725
700
675

0
100
200
300
400
500
600
700
800
900

1,000
1,100

10 11 12 13 14 15 16 17 18
Magnetic field (T)

no
n-

C
u 

Jc
 (A

/m
m

2  @
4.

2K
,1

0-5
V/

m
) 750

725
700
675

0
100
200
300
400
500
600
700
800
900

1,000
1,100

10 11 12 13 14 15 16 17 18
Magnetic field (T)

no
n-

C
u 

Jc
 (A

/m
m

2  @
4.

2K
,1

0-5
V/

m
) 750

725
700
675

Wire #2 Wire #3

0

100

200

300

400

500

600

700

800

900

1,000

1,100

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Magnetic field (T)

Jc
 (A

/m
m

2  @
4.

2K
,1

0-5
V/

m
) 750

725

0

100

200

300

400

500

600

700

800

900

1,000

1,100

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Magnetic field (T)

Jc
 (A

/m
m

2  @
4.

2K
,1

0-5
V/

m
) 750

725

Fig.2  Sn-Ta sheet composition and heat treatment condition dependence in Jc-B characteristics of the different wires 

Fig.3  Jc-B characteristics under high magnetic fields 
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Nb3Sn
Development of Jelly-Roll processed Nb3Sn wires. 

K. Ohata, M. Kimura, M. Seido, K. Nakagawa ; Hitachi Cable, Ltd. 

T. Suzuki , M. Takahashi  ; Hitachi, Ltd. 

K. Tachikawa ; Faculty of Engineering ; Tokai University 

T. Takeuchi ; National Institute for Materials Science 

Abstract:
Jelly-Roll processed Nb3Sn wires having the thick Nb/Sn Jelly-Roll layers have been developed. Cross-sectional 

observation revealed that layered structures of Nb3Sn were generated along with the thick Nb/Sn layers after heat treatment. 
The non-Cu Jc of the wire was increased up to 270 A/mm2 at 20T, which is 40% larger than that of conventional Jelly-Roll 
wires, and is almost twice as that of bronze route Nb3Sn wires. 

Keywords: Nb3Sn, Jelly-Roll wire, Jc 
E-mail: ohata.katsumi@hitachi-cable.co.jp 
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Figure 1 JR
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2.
Table 1 JR

Nb 0.1mm Nb
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Nb3Sn (b) (c)

Nb3Sn
Nb3Sn

Table 1  ecifications of the Jelly-Roll wires. 
Items Sample (a) (b) (c) 
Core( 3mm) Nb Nb Sn-2%Ti 

Material Sn-2%Ti-5%Cu Nb-1%Ta 
Thickness(Sn) 0.09mm 0.27mm(0.09mm×3) 
Thickness(Nb) 0.1mm 0.6mm(0.1mm×6) 

Jelly-
Roll
layer

No. of layer 18 4 
Barrier Nb-5%Ta (0.1mm×7) 
Sheath OFC ( 12.7/ 11.5mm) 

Sn 0.25 0.19 0.25 
Nb 0.58 0.63 0.57 Volume

fraction
Cu 0.17 0.18 0.18 

sheath(Cu)

barrier(Nb)

core(Nb)

Nb3Sn

Figure 1 Cross-sectional view of conventional 
Jelly-Roll Nb3Sn wire. 
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[1] K.Tachikawa, et al., IEEE Trans. Appl. Supercond., 15
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(a) Nb/Sn 
(Nb-core)

(b) 6Nb/3Sn 
(Nb-core)

(c) 6Nb/3Sn 
(Sn-core)

Fig.2 Cross-sectional views of the JR Nb3Sn wires after 
drawing ( 1mm).

Fig.4 Jc-B characteristics of the JR wires. 

Fig.5 Cross-sectional views of multi-filamentary JR 
wires ( 2mm).

Table 2 Specifications of the multi-filamentary JR wires. 

sample (b) (c) 
Number of filaments 19 

wire diameter 2mm 
filament diameter 330 m

JR layer thickness Nb/Sn  17/8 m
Cu ratio 0.73 

Fig.3 Cross-sectional views of the wires after heat-treatment 
( 1mm , 700 x150hrs).

(a) Nb/Sn 
(Nb-core)

(b) 6Nb/3Sn 
(Nb-core)

(c) 6Nb/3Sn 
(Sn-core)

Nb3Sn JR layer Nb3SnNb3Sn residual Nb 

(b) 6Nb/3Sn
(Nb-core)

(c) 6Nb/3Sn
(Sn-core)
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Nb Ag-Sn Nb3Sn Mg
Effects of Mg Addition on Nb3Sn Wire Fabricated through Diffusion Reaction between Nb and Ag-Sn Alloys 

:K. Inoue, M. Iwatani, K. Toshida, and Y. Antoku 
the University of Tokushima 

T. Takeuchi, A. Kikuchi, and T. Kiyoshi 
National Institute for Material Science 

Abstract:
The Mg addition was found to improve the superconducting properties of Nb3Sn formed through the diffusion reaction 

between Nb and Ag-Sn alloys.  With the increase of Mg addition from 2 at% to 6 at% in the Ag-Sn alloy, Tc, Bc2, and Ic of 
the formed Nb3Sn were improved.  The Nb3Sn fabrication temperatures are also apparently reduced with the Mg addition.   
The improvement mechanism due to Mg addition is not clear.  On the other hand, with and without Mg addition, we could 
scarcely observe the Nb3Sn layers between Nb and Ag-Sn alloys by using OM, SEM and EDAX observations, because the 
thickness of Nb3Sn are very thin, typically less than 0.1 m.  The Nb/Ag-Sn-Mg multifilamentary wire showed a similar 
high non-Cu overall Jc to that of the bronze-processed Nb3Sn multifilamentary wire without Ta or Ti additions. Very large Jc
in the Nb3Sn layer could be expected.  Optimization of the wire configuration of the Nb/Ag-Sn-Mg should be interesting, 
because bery high non-Cu overall Jc may be obtained. 

Keywords: Nb3Sn formation through diffusion reaction between Nb and Ag-Sn, additional effects of Mg to Ag-Sn alloy,  
multifilamentary Nb3Sn wire 
E-mail: inouek@ee.tokushima-u.ac.jp 
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Fig. 1.  Tc vs. heat treatment time curves for 
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MgB2
High field properties of MgB2 thin film 

A. Matsumoto, H. Kitaguchi, H. Kumakura 
National Institute for Materials Science 

Abstract:
The critical current densities (Jc) of MgB2 thin films deposited on -Al2O3 fabricated by a precursor and post-annealing 

process have been investigated in high magnetic fields of up to 30 T. Jc values of 2.8x105, 3.0x104, and 3.7x103 A/cm2 were 
obtained at 4.2 K in external magnetic fields of 10, 20, and 26 T respectively, applied parallel to the film surface. These 
values were comparable to those seen for Nb3Sn in fields up to 18 T, and surpassed them in fields over 18 T. The Hc2(0)
estimated from the resistivity measurements was 45 T. Transmission Electron Microscope (TEM) observations of the 
microstructures suggested that grains 10-20 nm in size exist that show no epitaxial growth relationship to the sapphire 
substrate. Jc enhancements in fields up to ~26 T are due to the strong grain boundary pinning associated with the small grains 
and the small size of MgO precipitates. 

Keywords: MgB2, thin film, Jc, connectivity, Hc2
E-mail: MATSUMOTO.Akiyoshi@nims.go.jp 
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Critical Current density of Bi-2212 wires at various temperatures and high magnetic fields 

 Takaaki Isono, Kiyoshi Okuno 
Japan Atomic Energy Agency 

Kikuo Itoh 
National Institute for Materials Science 

Abstract:
Measurement of critical current density (Jc) of a silver sheathed Bi-2212 round wire with Ag/Sc=1.3 is in progress to 

establish data base of the wire for application to Toroidal Field coils of a fusion power generation system. Degraded Jc of C 
shape sample was measured in last year, but new sample shows double value of Jc compared with the value of last years 
sample. So we guess that the sample measured last year had abnormality. 

Keywords: Bi-2212, critical current, high magnetic field 
E-mail: Isono.takaaki@jaea.go.jp 
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TABLE I  PARAMETERS OF THE TEST COILS 

Fig.1 Bi-2223 double pancake test coil. 

Bi-2223
Hoop Stress Tests of Bi-2223 Double Pancake Coils 

MATSUMOTO Shinji, CHOI Seyong, KIYOSHI Tsukasa, ITOH Kikuo, ASANO Toshihisa 
National Institute for Materials Science 

OTSUKA Akihiro 
JAPAN SUPERCONDUCTOR TECHNOLOGY, INC. 

Abstract:
High-temperature superconductors (HTS) are considered to be indispensable to realize NMR magnets that exceed 1 

GHz. HTS are brittle, and it is not easy to apply to superconducting coils such as the inner coils of the >1-GHz NMR magnet. 
Bi-2223 conductors are most promising because they are commercially available and can be obtained with lengths of more 
than 1,000 m. Double pancake coils with an inner diameter of 260 mm wound from Bi-2223/Ag conductors of the Sumitomo 
DI-BSCCO (high-Ic type and high-strength type) were fabricated to evaluate the hoop stress dependence of the critical 
current of the coil. The double pancake coils were tested using the 14-T superconducting magnet with a room temperature 
bore of 400 mm in diameter at the Tsukuba Magnet Laboratory (TML). The critical current of the high-Ic test coil was 164 A, 
where the hoop stress was estimated at 323 MPa. The critical current decreased to 140 A after energizing the coil above a 
hoop stress of 300 MPa. The high-strength test coil burst at a hoop stress of approximately 200 MPa. 

Keywords: Bi-2223/Ag double pancake coil, hoop stress 
E-mail: matsumoto.shinji@nims.go.jp 
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Fig.1

conductor Bi-2223/Ag (DI-BSCCO)
width of insulated conductor 4.3 mm
  ( width of bare conductor 4.2 mm )
thickness of insulated conductor 0.28 mm
  ( thickness of bare conductor 0.22 mm )
inner diameter of winding 260 mm
outer diameter of winding 265.6 mm
height of winding 10 mm
number of layers 10
number of pancakes 2
total turns 20
length of conductor 16.5 m

Parameters
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3.
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Bi-2223
Critical currents of Bi-2223 tape conductors reinforced by stainless steel in high magnetic fields 

Takashi Hase, Kyoji Zaitsu, Mamoru Hamada
Kobe Steel, Ltd. 

Seyong Choi, Tsukasa Kiyoshi
National Institute for Materials Science 

Abstract:
Bi-2223 superconducting tape is a candidate for conductors of the inner most coil of 1 GHz (23.5 T) or more class NMR magnet 

that is operated at 4.2 K. However, the mechanical properties of the Bi-2223 tape without additional reinforcement are not good
enough to endure electromagnetic force during transporting a practical level of current in magnetic fields over 20 T. In this work,
critical currents of the conductor reinforced by the stainless steel in magnetic fields up to 28 T have been evaluated at temperatures of 
4.2 and 2.2 K. The resulting overall critical current density which is determined as critical current divided by total cross-sectional
area of the tape has exceeded 200 A/mm2 in 28 T in the case of applying field parallel to the conductor surface. 

Keywords: Bi-2223, critical current density, magnetic field, NMR 
E-mail: hase.takashi@kobelco.com 
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decreasing field at 4.2 K.  

- 61 -



Fig. 2 A 2.2 K

Fig. 1

4.2 K

4.2 K 2.2 K B

2-4 B 10-11

B 4.2 K

Fig. 3 Fig. 1 Fig. 3

Bi-2223

28 T

199 A (B ) 122 A B

307 A/mm2 (B ) 187 A/mm2

B

200 A/mm2 B

B

B A

70% B

Bi-2223 (13.5)

A Bi-2223

(17.6)

Bi-2223 B 83

A 87

B 11.3

A 15.3

NMR

Fig. 2 Magnetic field dependence of critical currents for 

conductor A, which have been measured at temperatures of 2.2 

and 4.2 K.  

Fig. 3 Magnetic field dependence of critical currents for 

conductor B, which have been measured during increasing or 

decreasing field at 4.2 K.

4.

Bi-2223

2 4.2 K 2.2 K

28 T

28 T

200 A/mm2

Bi-2223

1) , , , , ,

2006 , (2007) pp.75-76.

- 62 -



Cu V-Ti
Trial manufacture of RHQT Nb3Al cable-in-conduit conductor 

Takao Takeuchi, Hiroyuki Takigawa and Nobuya Banno 
National Institute for Materials Science 

Masami Nakagawa and Kiyoshi Inoue 
Tokushima University 

Abstract:
We have succeeded in making a superconducting V-Ti alloy multifilament wire using the diffusion reaction between 

constituent pure-metal subelements, which can omit the melt-and-casting step and may reduce the fabrication cost.  In order 
to obtain an uniform distribution of V and Ti and thereby improve the critical current density characteristics, an attempt has 
been made to utilize a V/Ti single-core composite as a stating material and hydrostatically extrude the resultant bundle 
consisting of 139 V/Ti hex encased in a Cu tube lined with V.  Three kinds of heat treatment were investigated; (1) the 
alloying heat treatment (HTalloy) which is carried out at the final size (‘fs-HTalloy’), (2) HTalloy is followed by cold-working 
(W) down to the final size (‘HTalloy+W’), and (3) an intermediate precipitation heat treatment (HTprec) is carried out during 
the W stage coming after the HTalloy stage (‘HTalloy+W+HTprec+W’).  The ‘HTalloy+W+HTprec+W’ treatment was found to be 
most effective in enhancing the critical current densities. 

Keywords: hydrostatic extrusion, Cu stabilizer, alloying heat treatment, precipitation, deforamtion 
E-mail: TAKEUCHI.Takao@nims.go.jp 
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Fig.3 EDX image of Cu/V/V-Ti alloy filaments.

Fig.4 Comparison of Tc transition curves measured by 
magnetization (left) and 4 probe (right) methods. 

Fig.5 Heat-treatment time dependence of residual 
resistance (sample current : 2 A).

Fig.6 Field dependencies of non-Cu Jc of Cu/V-Ti 
composite that was subjected to the heat treatment of 
fs-HTalloy at 700oC and 900oC.
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Ga Cu-Ga V3Ga
The multifilamentary wire fabrication of V3Ga superconducting wire using high Ga content Cu-Ga/V precursor 

 and its superconducting properties under high magnetic field 

Yoshimitsu Hishinuma, Arata Nishimura 
National Institute for Fusion Science 

Akihiro Kikuchi, Yasuo Iijima, Takao Takeuchi 
National Institute for Materials Science 

Abstract:
V3Ga compound wire was mainly investigated “Diffusion process” between Cu-Ga solid solution matrix within 20 at% 

Ga composition and V filament. We have been investigated that the high Ga content in the Cu-Ga material was an effective 
method in order to improve cold workability and volume fraction of synthesized A15 phase as well as the high Sn content 
processed Nb3Sn wires. We tried to fabricate V3Ga compound multifilanetary wires using high Ga content Cu-Ga compound 
through the powder-in-tube processed precursors and microstructure and superconducting properties of new processed V3Ga
multifilamentary wires were investigated. It was confirmed that the thicker V3Ga layer formed along the boundary of high Ga 
content Cu-Ga powder core and V matrix compared with previous diffusion processed samples. Furthermore, all reacted area 
of diffusion layer in the multifilamentary wires was increased with number of powder filament and high Ga content. We 
found that the volume fraction of A15 phase was increased by high Ga content. It was confirmed that the optimum Ga content 
of Cu-Ga compound for the Jc and Hc2 improvement was 50at%Ga. And Hc2 property which was estimated by the Kramer 
formula of the 121 multifilamentary samples using 50at%Ga compounds showed about 23 T which value was 2 T higher than 
bronze processed samples. 

Keywords: V3Ga, high Ga contet Cu-Ga compound, PIT process, multifilametary wire superconducting property 
E-mail: hishinuma.yoshimitsu@nifs.ac.jp 
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Gd
Critical current characteristics of GdBCO coated conductor in magnetic field 

Hiroshi Okamoto  
Kyushu Electric Power Co., Inc. 

Kikuo Itoh 
National Institute for Materials Science 

Teruo Izumi, Yutaka Yamada, Yhu Shiobara 
Superconductivity Research Laboratory 

Abstract:
In the optimal design of power applications, it is necessary to understand critical current property of superconducting 

wire. REBCO coated conductor has high performance in magnetic field. The research and development for high-current, 
long-length and low-cost of REBCO coated conductor has been steadily advanced in the improvement of characteristics of 
the substrate, the buffer layer and the superconducting layer in the country and overseas. In this study, we reported angular 
dependence of critical current at 77K and magnetic field dependence of critical current density at some temperatures for 
GdBCO coated conductor. 

Keywords: GdBCO, critical current, high magnetic field, coated conductor, high Tc superconductor 
E-mail: hiroshi_a_okamoto@kyuden.co.jp 
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A New Fabrication Process of Superconducting Alloy Wires with Using Clad-Rolled Sheets 

Sakae SAITO 
Ashikaga Institute of Technology 

,
Takao TAKEUCHI and Nobuya BANNO 
National Institute for Materials Science 

Abstract:
This paper describes a new fabrication process of superconducting alloy wires such as Nb-Ti and V-Ti with using 

clad-rolled sheet of constituent elements as a starting material. This procedure, called the clad-chip extrusion (CCE) method, 
does not involve melting process, which is a distinctive feature of this process. The CCE-process produces the composite 
wires with fine layers of constituent elements. The precursor wire is then converted to the objective alloy by the following 
diffusive heat treatment. The experimental study demonstrated that the CCE-method successfully produced the 
superconducting wires of Nb-Ti alloy and V-Ti alloy. 

Keywords: CCE-process , fabrication process, superconducting alloy wire, Nb-Ti alloy, V-Ti alloy 
E-mail: ssaito@ashitech.ac.jp 
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Fig.3  Jc vs.B curves for V-Ti and Nb-Ti wires 
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DI-BSCCO

Critical current of stainless steel laminated Bi2223 superconducting wires, DI-BSCCO Type HT where various hoop stress is 
applied in liquid helium 

AYAI Naoki, TAKAAZE Hideo, TAKAYAMA Hiromitsu  
Sumitomo Electric Industries, Ltd.  

MATSUMOTO Shinji, KIYOSHI Tsukasa 
National Institute for Materials Science 

OSAMURA Kozo 
Research Institute for Applied Sciences 

Abstract:
    DI-BSCCO which is the commercial long BSCCO tape produced with powder-in-tube and controlled overpressure 
sintering technique by Sumitomo Electric, has been reinforced with three-ply and soldering using thin stainless steel tapes. 
The reinforced tape was wound to one-turn coil, where hoop-stress was applied in 14 Tesla backup field and liquid helium. 
Critical current measurements in 77 K before and after the hoop-stress load have proved that the stainless steel reinforced 
DI-BSCCO has enough high mechanical properties to be applicable to the conductor for ultra-high field magnet in NMR. 

Keywords: Superconductor, Bi2223 
E-mail: ayai-naoki@sei.co.jp 
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Fig. 1 Appearance of the test coil 

Fig.2 Ic, maximum strains, and residual strains of the 
specimens after the hoop stress loads in liquid helium 
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Standard Test Method of Critical Current for HTS Composite Tapes 

Kozo Osamura 
Research Institute of Applied Science 

Kikuo Itoh and Tsuneo Kuroda 
National Institute for Materials Science 

Abstract:
   In order to elucidate the influence of micro-damages to the critical current, the V-I characteristics was precisely 
investigated in the low electric field region. The established measurement system has been guaranteed to reduce the noise 
level less than +/- 5 nV/cm.  Two types of imperfections were alternatively added to Bi2223 and Bi2212 tapes. One is the 
isolated damages like V-shape notch or drilled hole. Another is the micro inhomogeneous damage induced by the plastic 
deformation. The increasing voltage along the transition from perfect SC state to the resistive one can be expressed by the 
function of  for all specimens with and without any type of imperfections. Further no singular phenomenon 
was observed in the low electric field region. 

Keywords: ritical current, high temperature superconductor, microdamage, standardization, induced voltage 
E-mail: kozo_osamura@rias.or.jp 
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Fig.1 V-I characteristics at 77K for Bi2223 tapes with 
(B) and without (A)a drilled hole. 

I (A)

Ic(A) n Material 

VA 139.6 22.0 

VB 129.4 15.4 

Vhole 96.1 15.4 

VC 136.4 19.4 

Bi2223

V43 54.8 3.51 

V54 49.7 3.78 
Bi2212

Table 1  Ic and n obtained from the analysis 

Fig. 2  V-I characteristics at 4.2 K and 10T for Bi2212 
wires with (A20-54) and without (A20-43) a V shaped 
edge.
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The maximum hoop stress test of high temperature superconductor tape 

Seyong Choi, Shinji Matsumoto, Tsukasa Kiyoshi 
National Institute for Materials Science 

Abstract:
    In this work, we examined the maximum hoop stress in the coil of high-temperature superconductor (HTS). The test coil 
was prepared with two types of HTS tapes, the one is brass-reinforced and the other is stainless-steel laminated conductor. 
The HTS tapes were wound on the teflon bobbin with diameter of 280 mm. Strain gauges were attached and measured the 
elongation of coil generated by the product of magnetic field and current density of coil. All the measurement was carried out 
in large bore 14 T superconducting magnet at 4.2 K installed at TML, NIMS. It was observed that the conductors laminated 
with metals withstand the mechanical stress exceeding at least 250 MPa at 14 T, respectively. The experimental setup and 
procedure are described in detail. 

Keywords: High temperature superconductor, Hoop stress 
E-mail: choi.seyong @nims.go.jp 

1.

For high magnetic field application, electro-mechanical 

problem inside of the magnet is one of the important issues. 

When one designs the magnet, the maximum stress/strain 

level should be restricted below the allowable level of 

conductor to avoid the stress originated failure when they 

are fully operated. We have now undertaken the NMR 

upgrading project over 1 GHz (23.5 T). In here, the 

contribution of high-temperature superconductor (HTS) 

requires as an insert magnet because of critical current 

availability even in the magnetic field over 20 T. The HTS 

insert should strongly depend on the mechanical properties 

of conductor. Therefore, we investigate the maximum hoop 

stress/strain of HTS tape, such as Bi2223/Ag and YBCO 

coated conductor in the magnetic field. The critical current 

originated from mechanical stress/strain was also examined. 

On this purpose, large space for test coil is suitable to 

generate high mechanical stress. All the measurements 

were performed using 14 T superconducting magnet with 

400 mm room temperature bore, which is installed and 

operated at the Tsukuba Magnet Laboratory (TML), NIMS.  

2.

The DI-BSCCO conductor (Bi2223/Ag) of Sumitomo 

electrics were used in the coil preparation. The specification 

of conductors is listed in Table 1. For the information as 

reference, the critical current of short sample at 4.2K, 14 T 

was also listed in the table. The inner diameter of cryostat 

was 300 mm, therefore, the bobbin was determined at 280 

mm to generate the electro-mechanical stress as much as 

possible. The each conductor was wound one turn on the 

bobbin with some winding tension. In order to monitor the 

strain of the HTS coil, strain gauges were attached on the 

surface of the tape. When we insert the probe, liquid helium 

was transferred into the cryostat to operate in 4.2 K. After 

cooling down sufficiently, the test coil was exposed at the 

magnetic field of 14 T from superconducting magnet. The 

voltage lead was also soldered to measure the resistive 

transition of sample conductor. The external current was 

applied about 50 A/min until the coil voltage reached at 10 

V/cm. The figure 1 shows the configuration of test coils in 

detail.

Fig. 1 The configuration of test coil 

Brass reinforced  
conductor

Stainless steel  
reinforced conductor

width 2.7 mm 2.71 mm 
thickness 0.52 mm 0.227 mm 

reinforcement brass stainless steel 
Thickness of 
reinforcement

50 m 20 m

Critical current 
@77.3K, self-field

135 A 85 A 

Critical current 
@4.2K, 14T 

460 A 220 A 

Table 1. Specification of conductor used in test coil winding 
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3.

Fig. 2 shows the test results of hoop stress on 

brass-reinforced conductor coil. The elongation of sample 

by hoop stress was illustrated with empty rectangle 

symbols, which is displayed on the vertical axis of right in 

the figure, as a function of applying current. The strain 

gauge detached around 0.23% of strain that it seems to be 

poor quality of glue in low temperature. In the figure, the 

voltage of coil was also plotted with filled round symbols. 

The critical current was determined with the criterion with 

1 V/cm and it is observed that the critical current is about 

196 A. Until the sample current reach at the critical current, 

the conductor did not disconnect. However, when we 

remind the critical current of short sample in same 

magnetic field with coil (see the test results in table), it is 

clear that the critical current was significantly degraded 

because of mechanical force originated from stress.  

In Fig. 2, the stress is calculated with the formulae, 

so-called JBR relation, where J is current density of 

conductor, B is the magnetic flux density, and R is the 

radius of coil, respectively. This simplified equation 

assumed that the conductor is free body and there is no 

relation between the bobbin and coil. We need to consider 

the effect of bobbin to calculate stress exactly but JBR 

relation was used in this step. It is observed that the stress 

was 274 MPa at critical current. When we repeated the 

measurements several times, the conductor was seriously 

damaged and critical current was degraded continuously. 

Fig. 3 is the test results of hoop stress on the coil of 

stainless-steel reinforced conductor. The current vs. voltage 

(lower and left axis) and stress vs. strain (upper and right 

axis) are plotted in the figure same as in Fig. 2. It is 

observed that the critical current is 105 A and the estimated 

stress on the coil is 333 MPa at critical current. The 

conductor could carry the current until the electric field 

generation of 10 V/cm without disconnection. However, 

the conductor was damaged in following tests and the 

critical current was almost degraded the half of first run. 

4.

The maximum hoop stress level of Bi-2223/Ag tape 

laminated with metals was investigated in this work. The 

two set of coils were prepared and tested in the magnet 

installed at TML, NIMS. The magnet was operated with 

large bore generating 14 T. The critical current originated 

from electro-mechanical stress was observed in each coil 

disk. The stress level, which was calculated with JBR 

formulae, was exceeding 250 MPa in both conductors. It is 

also found that the critical current of the coil was not 

recovered once the coil experienced the stress-originated 

critical current. 

Fig.3. The test results of hoop stress in stainless 
steel-reinforced conductor coil 

Fig.2. The test results of hoop stress in brass-reinforced 
conductor coil 
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Mechanical properties of YBCO coated conductors measured on  
a simple model coil 

Uglietti Davide
Uglietti Davide, Seyong Choi, Shinji Matsumoto, Tsukasa Kiyoshi 

National Institute for Materials Science 

Abstract:
Coated conductors manufactured using hastelloy substrate have remarkable mechanical properties, namely high 

critical strain and stress. Electro-mechanical properties of coated conductors have been extensively measured on short, 
straight samples. In this work, the electro-mechanical properties of commercial coated conductors (from Superpower) were 
studied in a configuration close to the one found in magnets: single and multi turns coils were wound on cylindrical mandrels 
and two types of joints were fabricated. The current-voltage relations and the strain were measured in a background field of 
14 T. A simple model cable, consisting of a stack of three tapes, was also studied. The properties of the single tape are 
maintained in both coil and stack configuration. 

Keywords: High temperature superconductor, YBCO, Hoop stress 
E-mail: uglietti.davide@nims.go.jp 

1. Introduction 
Electro-mechanical properties of coated conductors have 

been extensively measured on short, straight samples. When 
Hastelloy is used as substrate, the mechanical properties are 
remarkable (see fig.1). 
In the following experiments, the electro-mechanical 

properties were studied in a configuration close to the one 
found in magnets: single and multi turns coil were wound on a 
cylindrical mandrel (fibreglass, 30 cm diameter), in order to 
simulate the behaviour in the coil geometry. In particular, the 
electromechanical behaviour of joints between tapes was 
studied, because they could present a critical issue in coil 
fabrication.
Also a simple cable, consisting in a stack of three tapes, was 
studied.

2. Experiment 
The sample is a standard coated conductor from 

Superpower: tape cross section is 4 0.1 mm2, the Hastelloy 
substrate is 50 m and the tape is copper plated. The 
reported critical strain and stress are about 0.35% and 700 
MPa respectively.  

The samples were measured in the 14 T, 40 cm bore 
superconducting magnet, which is usually used to provide 
the background field for the resistive insert magnet in the 
28 T hybrid magnet at TML.  

The electromagnetic force acting on the wire is 
proportional to the current flowing in it, following the 
relation ,           where I is the current, B the 
magnetic field and R the radius. When the current flowing 
in the sample increases, the mechanical stress (force 
divided by tape cross section) on the wire approaches the 
critical stress, and when the stress reaches the critical stress 
value, a voltage appears. 

The critical current of Superpower coated conductor is 
about 490 A at 14 T, 4.2 K, but in the following 
experiments the voltage drop due to the critical stress will 
appear already for currents lower than 200 A 
(corresponding to 420 N, or 1050 MPa). 

3. Results and Discussions 
DISK 1 – three-layers joint 

It was reported by Sugano[1] that the critical stress for a 
lap joint between two coated conductors is about 50 % 
lower than the one for the non-jointed tape. Cracks 
originate at the interface between the superconducting layer 
and the buffer layer and the electro-mechanical properties 
are degradated. 

Taking into account this result, it was planned to build a 
stronger joint, by sandwiching two tapes jointed head to 
head between two more tapes, as shown in fig. 2a: on the 
upper side, the tapes are soldered with the superconducting 
layers face to face, to ensure a good current transfer 
(current joint), while on the bottom side they are soldered 
with the Hastelloy substrates face to face, to ensure a robust 
mechanical connection (mechanical joint). The total 
overlap was 6 cm. Strain gauges and voltage taps were 
placed on the whole tape and on the joint.  

Fig.1. Stress-strain curves at 76 K for hastelloy coated 
conductor manufactured by Superpower. Young Modulus 
is about 170 GPa. 

RBIF
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Strain versus current and force is plotted in fig. 3. As 
expected, the joint is about three times stiffer than the 
single tape. In this experiment and in the following ones, 
strain gauges detaches already at 0.25%/0.3% of strain, 
because of the poor quality of the glue. The Young modulus
of the tape was estimated to about 180 GPa, in agreement 
with the value measured in a standard stress-strain 
apparatus (see fig.1). 

The voltage drop across the whole tape and across the 
joint are plotted as function of the current in fig. 4; the 
electromagnetic force is also plotted on the upper axis. The 
tape failed at about 180 A (corresponding to 370 N, or 930 
MPa), while the voltage drop across the joint was still small. 
The joint did not break. 

DISK 2 – Three-layers and two-layers joints 
The goal of this experiment was to compare the 

three-layers joint, which was proved to be successful, with 
a two-layers joint, consisting in the current joint only (see 
fig. 2b). Both types of joint were built on the same single 
turn coil. Voltage taps were soldered around each joint. 
The V-I curves are plotted in fig. 5. For the two-layers joint, 
a voltage drop appears at 280 N, while for the three-layers 
joint the critical value is around 370 N, a value similar to 
the one measured in the previous experiment. The tape was 
broken at 375 N, corresponding to 940 MPa. Both joints 
did not break. 

In terms of stress (see fig. 6), both in the three-layers and 
in the two-layers joint the voltage drop appears when the 
stress reaches values between 300 and 400 MPa, which is 
about half the value than the one for the single tape. This is 
in agreement with the results published by Sugano on lap 
joints.

In the two-layers and in the three-layers joints the force 
required to reach the critical stress is obviously higher (two 
and three times respectively) than in the lap joint. 

Fig. 2a. Three-layers joint: the upper tape is soldered 
with the YBCO layer (black) facing the jointed tapes, 
while the bottom tape is soldered with the hastelloy 
substrate (blue) facing the jointed tapes.

Fig. 2b. Two-layers joint: only the upper tape is used to 
joint the tapes. 

Fig. 3. Strain versus current for the joint (green) and 
the single tape (red). The force acting on the tape is 
reported on the upper axis. 

Fig. 4. Voltage drop across the joint (green) and the 
whole tape (blue) as a function of current. The force 
acting on the tape is reported on the upper axis. 

Fig. 5. Voltage drop across the two layers joint (red), 
the three layers joint (green) and the whole tape (blue) 
as a function of current. 
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DISK 3 – Three turns coil 
About 3 meters of tape were wound on the G10 mandrel, 

in order to study the electro-mechanical behaviour in a 
multi turns configuration. Kapton tape was used for the 
insulation. A strain gauge was attached on the outer turns, 
and voltage taps were soldered at the wire ends (360 cm) 
and on the outer turn (90 cm). 

When current reached 170 A (corresponding to 900 MPa) 
the voltage increases and the tape was broken at 190 A, 
corresponding to about 1000 MPa .  

DISK 4 – Cable (three tapes stack) 
Finally, a model cable consisting of three tapes was tested. 

The tapes were first pre-soldered, then they were soldered 
together, one on top of the other, while winding on the G10 
mandrel.

Voltage taps were soldered from end to end and on a short 
section (10 cm). 

The cable could carry up to 580 A (the corresponding 
stress is 1000 MPa) before breaking. No current 
degradation was observed up to 950 MPa. 

4. Conclusion 
In conclusion, the critical stress of a three layers joint 

proved to be higher than that of the two layers joint, and 
about as large as the one of the single tape. Joints should 
not represent a critical issue in coil construction. 

The electro-mechanical properties of the three turns coil 
are similar to the ones of the single turn tape. The 
properties of the single tape are maintained in the stack 
configuration.

Coated conductors with hastelloy substrate proved to be 
an excellent conductor for magnet fabrication, conjugating 
high critical current density with very high Young modulus 
and critical strain.  

Reference 
[1] M. Sugano et al., IEEE Trans. Appl. Superconduct. 17 
(2007) 3067-3070 

Fig. 6. Voltage drop across the two layers joint (red), the 
three layers joint (green) and the whole tape (blue) as a 
function of stress. 
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Structure of ionic liquids as studied by the magnetic field effects on the photochemical reaction 

Atom Hamasaki, Tomoaki Yago, Masanobu Wakasa 
Graduate School of Science and Engineering, Saitama University 

,
Tadashi Takamasu, Giyuu Kido 

National Institute for Materials Science 

Abstract:
Ionic liquids, which are considered as one of the most promising new solvents in the green chemistry, have gained much 
attention. Local structure or some domains are proposed for liquid phase from the recent experimental results. Since the 
magnetic field effects (MFEs) sensitively reflect the nano-scale reaction environment, a study of MFE on photochemical 
reaction due to the relaxation mechanism is carried out to clarify the local structure of ILs. Domains like a micelle and 
microscopic viscosity of about 5 cP are suggested experimentally.  

Keywords: Ionic liquids, Domain structure, Microscopic viscosity, Magnetic field effect, Relaxation mechanism, Laser flash 
photolysis, Pulsed magnet 
E-mail: mwakasa@chem.saitama-u.ac.jp 
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of BP ketyl radical, R(B)=Y (B)/Y(0 T), observed at 380 
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(eq. 6) 

a

c = 1 x 10-10 - 1 x 10-11 s

eq (6)-(11) kr + k’r = 1 x 106 s-1

RM MFE

RM

5 cP 

4.

5 cP  (

) MFE gM MFE

5 cP

 (1 x 10  -1 x 109 s-1) kr +k’r = 1 x 107 s-1

RM

5 cP 

RM
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Figure 2, Calculated magnetic field dependence of the 
spin relaxation rates of kR + kR’ , kdd + kA

HFC + kB
HFC , 

kA
g + kB

g for a model radical pair having the following 
parameters: gA = 2.0030, gB = 2.0082, aA / g B = 
0.002 T, aB / g B = 0.002 T, gA = 0.002, gB = 
0.02 s, and rAB = 1.0 nm.. 
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Preparation of pyrolytic carbon by heating under magnetic field and its magnetic properties 

Kenji Kamishima 
Graduate School of Science and Engineering, Saitama University 

Tadashi Takamasu 
National Institute for Materials Science 

Abstract:
It was reported that pyrolysis products from pure organic materials showed ferromagnetism and had spontaneous 

magnetization even at room temperature. They are considered to be carbonaceous but not completely graphitized. 
Ovchinnikov et al. suggested that the ferromagnetic carbon had a new crystal structure - the mixture of carbon atoms with sp2

and sp3 bonds (intermediate graphite-diamond “IGD” structure). Whereas, Murata et al. reported that ferromagnetic 
amorphouslike carbon was prepared from hydrogen-rich starting materials. Therefore, different views were shown in the 
crystal structure of the ferromagnetic pyrolytic carbon, even though the sample preparation method was almost the same. The 
samples were prepared by direct pyrolysis of triethylamine. The chemical liquid was placed at an edge of a quartz tube and 
frozen at liquid nitrogen temperature. The quartz tube was evacuated and the center of the tube was heated to a desired 
temperature of about 900ºC. When the central temperature became stable, the chemical was melt and introduced to the 
heating area. The chemical vapor pressure of about 1 bar and the heating temperature were kept for 30 minutes. After the 
pyrolysis, the tube was evacuated again and cooled down to room temperature. Pyrolysis carbonaceous product was obtained 
from the inside of the tube, using a nonmagnetic hard titanium-alloy (Ti-Al-V) rod. A ferromagnetic sample was magnetically 
separated from the product. Magnetization measurements were performed with a commercial SQUID magnetometer 
(Quantum Design MPMS). We have found that the spontaneous magnetization of pyrolytic carbon is increased by annealing 
at about 400ºC under magnetic field, which suggests that magnetic properties can be changed if the magnetic field is applied 
during the pyrolysis. So, we constructed a new furnace, which can be put in a superconducting magnet. We have tried 
pyrolysis under magnetic field above 1 T by the use of this furnace. 

Keywords: Pyrolytic carbon, Ferromagnetism, High magnetic field CVD 
E-mail: kamisima@fms.saitama-u.ac.jp 
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Magnetic field effects on oxygen adsorption on an activated carbon fiber 

, ,
Kunio Kasai, Taku Iiyama, and Sumio Ozeki 

Faculty of Science, Shinshu University 

Haruo Abe 
National Institute for Materials Science 

Abstract:
    The influence of magnetic fields on adsorption of paramagnetic O2 on an activated carbon fiber was examined at 77K.  
The adsorption amount of O2 decreased by applying the magnetic field of 25 T, which is referred to magnetodesorption. More 
experiments, however, must be carried out to confirm the high magnetic fields effect on oxygen adsorption. 

Keywords: magnetodesorption, gas adsorption, activated carbon fiber, oxygen 
E-mail: sozeki@shinshu-u.ac.jp 
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4.

77 K 25 T

Figure 2. Flow rate changes by applying a 25 T magnetic 
field to a oxygen / activated carbon fiber adsorption 
system using pressure-feedback adsorption system at 77 K 
and P / P0 = 0.50. 
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Effects of a high magnetic field on bainitic transformation in Fe-based alloys 

Hideyuki Ohtsuka 
National Institute for Material Science 

Abstract:
    Effects of magnetic fields on transformation temperature, transformation behavior and transformed structure have been 
investigated for bainitic transformation in an Fe-3.6Ni-1.45Cr-0.5C alloy. Bainitic transformation behavior is accelerated by 
the applied magnetic field.  Elongated and aligned structures were observed for austenite to ferrite transformation in an 
Fe-0.4C alloy, but no elongation or alignment of transformed structure has been observed for transformation to bainite.  The 
crystal orientation was measured by EBSD method, but no alignment of crystal orientation was observed. 

Keywords: transformation temperature, transformation behavior, transformed structure 
E-mail: ohtsuka.hideyuki@nims.go.jp 
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Fig.1 Effects of magnetic fields on transformation 
behavior  in an Fe-3.6Ni-1.45Cr-0.5C alloy.

Fig.2 Effects of a magnetic field of 10T on the crystal 
orientation of bainite. 
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Cu fccFe-Co
Effects of Magnetic Field on Shape Evolution of fcc Fe-Co particles in a Cu Matrix 

Chiharu Kanno, Susumu Onaka, Masaharu Kato and Toshiyuki Fujii 
Interdisciplinary Graduate School of Science and Engineering Tokyo Institute of Technology 

Hideyuki Ohtsuka 
National Institute for Materials Science 

Abstract:
    The effects of magnetic field on the shape evolution of ferromagnetic fcc Fe-Co particles in Cu-0.83at%Fe-1.37at%Co 
alloy single crystals have been examined by the magnetic anisotropy measurement. The Cu-Fe-Co single crystals were aged 
at 993K for 2h to 24h under the magnetic field of 10T parallel to either the [001] or [011] direction. The magnetic anisotropy 
was examined by measuring magnetic torque around the (100) plane. It is found that the fcc Fe-Co particles are elongated in 
the direction parallel to the magnetic field. Furthermore, the elongation along [001] is more remarkable than that along [011].
The results can be explained quantitatively by considering the minimization of the sum of the interface energy, elastic strain 
energy and magnetostatic energy of spheroidal particles.

Keywords: Aging; Precipitation; Magnetic anisotropy; Total energy calculations; Shape evolution 
E-mail: kanno.c.aa@m.titech.ac.jp (C. Kanno) 
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Fig. 1 Magnetic torque curves of specimens aged at 993K 
for (a) 2h without magnetic field, (b) 2h, (c) 4h, (d) 8h, (e) 
16h and (f) 24h under the magnetic field of 10T parallel to 
the [001] direction. 

Fig. 2 Magnetic torque curves of specimens aged at 993K 
for (a) 2h, (b) 4h, (c) 8h and (d) 16h under the magnetic 
field of 10T parallel to the [011] direction. 
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Fig. 3 Total energy change of an fcc Fe-Co particle 
with radius 20 nm elongated to the [001] direction. 

Fig. 4 Total energy change of an fcc Fe-Co particle 
with radius 20 nm elongated to the [011] direction. 

Fig. 5 Calculated aspect ratio to give the total energy 
minimum value with respect to the aging time. 
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Development of anisotropic sheet in high magnetic field 

Hideaki KONNO, Naoyuki SHIMOYAMA, Tohru KIMURA and Masahiro SHINOMIYA 
R&D center, Polymatech co., ltd. 

Shinji MATSUMOTO and Tsukasa KIYOSHI 
National Institute for Materials Science 

Abstract:
Anisotropic conductive sheets have been produced by arranging conductive particles in liquid polymer film using a 

permanent magnet and an electromagnet. In this study, anisotropic conductive sheets of various thickness were formed in 
liquid polymer films with various viscosities using a superconducting magnet. The relationship between applied thickness 
and viscosity was evaluated from the electric resistance and the microscope images of the anisotropic conductive sheets. 

Keywords: Anisotropic conductive sheet, magnetic processing, superconducting magnet. 
E-mail: h_konno@rd.polymatech.co.jp 
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Fig.6 Typical photomicrography of cross section of 
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Structural Control of Helical Silicas due to Magnetic Fields 

Kana Kubota and Sumio Ozeki 
Faculty of Science, Shinshu University 

Haruo Abe 
National Institute for Materials Science 

Abstract:
    The alignment and deformation of micelles and vesicles due to high magnetic fields are generally observed, which result 
in the negative magnetic-anisotropy of a long alkyl chain.  Since the template for helical silicas contains sodium dodecyl 
sulfate, the template should be aligned by magnetic fields.  Therefore, helical silicas also can be controlled by high, steady 
magnetic fields.   The helical silica hybrids prepared under magnetic fields were examined with X-ray diffraction and 
scanning electron microscopy. High magnetic fields promoted the growth of helical rods. 

Keywords: high magnetic field, helical silica, mesoporous silica, template 
E-mail: sozeki@shinshu-u.ac.jp 
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4.

15T

Fig.1 SEM images of helical silica hybrids prepared at zero (A) and 6 T fields (B). 

Fig.2 SEM images of helical silica hybrids prepared at zero (a) and 15 T fields (b). 

Fig.3 XRD patterns of helical silicas as synthesized under 
zero field and 15 T. 
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Ferrite-Induced Immobilization of Pb-Contaminated Soil and Application of Magnetic Separation 

Kiyoshi Omine, Hidetoshi Ochiai 
Graduate School of Engineering, Kyushu University 

YutaTajiri 
Graduate School of Engineering, Kyushu University 

Noriyuki Hirota, Hidehiko Okada 
National Institute for Materials Science 

Abstract:
The ferritization method is applied to Pb-contaminated soil. In order to confirm the immobilization effect by ferritization, 

artificial Pb-contaminated soil was prepared and batch tests were performed. From the test results, it was confirmed that the 
insoluble effect of the ferritization-treated soil for Pb-contaminated soil is much higher over a wide range of pH levels. 
Furthermore, the superconducting magnetic separation was applied to feirritization-treated soil with magnetite. It is suggested
that the combination of ferritization treatment and magnetic separation may be one of the techniques for the remediation of 
contaminated soil containing heavy metals. 

Keywords: Ferrite, contaminated soil, immobilization, magnetic separation 
E-mail: oomine@civil.kyushu-u.ac.jp 
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Magnetically Induced Orientation of Mesochannels inside Porous Alumina Membranes  
under Ultra High Magnetic Field of 30 Tesla 

Yusuke Yamauchi, Noriyuki Hirota, Yoshio Sakka 
National Institute for Materials Science, International Center for Materials Nanoarchitectonics 

Atsushi Sugiyama, Kazuyuki Kuroda 
Waseda University 

Abstract:
Mesoporous silica rods are prepared inside channels of porous anodic alumina membranes (PAAM) via through solvent 

evaporation method using precursor solution consisting of P123 block copolymers. When the magnetic filed was applied 
parallel to the PAAM channels, mesochannels were successfully induced parallel along the magnetic direction. Such 
magnetically induced mesochannels are directly confirmed by TEM observation. Orientation of the mesochannels within the 
PAAM channels can be controlled by applying high magnetic field processing under 30 Tesla. 

Keywords: Mesoporous Material, Liquid Crystal, Surfactant, Perpendicular orientation 
E-mail: Yamauchi.Yusuke@nims.go.jp 

1. Introduction 
Recently, a “superconducting magnet” with a high 

magnetic field (higher than 10 T) has been developed. The 
high magnetic field processing become one of the most 
convenient and versatile methods for the orientation of 
materials. The high magnetic field is effective even for 
paramagnetic or diamagnetic materials with extremely 
small magnetic susceptibility. Surfactants have been used 
as templates for preparation of mesoporous materials are 
one of the diamagnetic materials. It has been shown that, 
under a high magnetic field (> 12 Tesla), the rod-like 
macromolecules formed through the self-assembly of 
surfactants are uniaxially oriented due to the magnetic 
anisotropies of the constituent surfactant molecules.[1] 
Recently, we reported the partial perpendicular alignment 
of mesochannels in mesoporous silica films, which was 
achieved by combining the evaporation-induced 
self-assembly (EISA) method, which has been used for the 
preparation of mesoporous silica films), and the high 
magnetic processing.[2-5] 

Our magnetic processing is effective for orientation 
controls of mesochannels in very confined area, due to very 
simple processing without complex preparative conditions 
are any surface modification. Here, we demonstrate 
magnetic induced orientation of mesochannels along 
channels of porous anodic alumina membranes (PAAM), 
utilizing P123 block copolymer as a structural direct 
agent.[6] When such nonionic surfactants are used as 
structural direct agents, in almost case the mesochannels 
are oriented perpendicular to the PAAM channels and 
circularly packed like stacked donuts.[7-9] From the 
standpoint of molecular separations, the mesochannel 
direction should be oriented parallel to the PAAM channels. 
Therefore, the magnetically induced mesochannels along 
the PAAM should lead to excellent transportation of 
molecules throughout the PAAM. 

2. Experimental 
TEOS (5.2 g), ethanol (6 g), and diluted HCl (pH 2) 

solution (2.7 g) were mixed. After stirring for 20 min, P123 
(1.38 g) and ethanol (4 g) were added and stirred for 3 h. 
The precursor solution was loaded into channels of PAAM 
(Diameter: 200 nm) by dip-coating. The loaded PAAM 
were immediately put into the hybrid magnet within a few 
seconds. The PAAM were dried for 2 h at room 
temperature under extremely high magnetic field (30 Tesla). 
The magnetic filed was applied parallel to the channels of 
the PAAM. Argon gas is flowing in the bore of the hybrid 
magnet. After drying, the as-prepared PAAM calcined at 
500 °C for 6 h at the heating rate of 1 °C/min. Then, the 
PAAM were completely dissolved in 5 wt% H3PO4 to 
obtain mesoporous silica rods. at ambient condition. 

3. Results and Discussion 
SEM images of the silica wires prepared without 

magnetic field and under 30 Tesla show fiber morphologies, 
respectively. A simple infiltration approach leads to the 
successful formation of the silica wires with uniform size. 
The diameter of the wires was about 200 nm, which 
coincided with the pore size of the channels of the original 
PAAM.  

The mesostructure inside the silica wires were further 
investigated by TEM observation. Figure 1a is a 
representative TEM image of the mesoporous silica rods 
prepared without magnetic field. It was clearly observed 
that the tubular mesochannels were circularly packed 
around the PAAM channel surface (i.e., formation of 
stacked donuts-like mesostructures). The formation of the 
unique mesostructures is due to the confined growth of 2D 
hexagonally ordered mesochannels within the cylindrical 
channels of the PAAM. On the other hand, when the same 
precursor solutions cast onto flat substrates, 2D 
hexagonally packed mesochannels were oriented parallel to 
the substrate surface.[3] Therefore, the effect of the 
confinement can be thought to be equivalent to rolling up a 
flat substrate surface into a scroll.[9] 
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When high magnetic field of 30 Tesla is applied along 
the PAAM channels, almost the wires (> 50 %) contain the  
mesochannels aligned parallel along the PAAM pore 
channels (Figures 1b-1 and 1b-2). In some parts, near the 
surface of the PAAM, a few layers of 1D cylindrical 
mesochannels are aligned along the edges due to strong 
interactions among the surfactant molecules, the silica 
species, and the PAAM surface (Figure 1b-3). At the inner 
parts in which the preferential interactions between the 
surfactant molecules and the surface become weak, a few 
mesochannels were induced along the magnetic direction. 
Further improvements by surface modification should be 
important for the completely aligned mesochannels. 

3. Conclusion 
The PAAM having the oriented mesochannels should 

lead to excellent transportation of molecules throughout the 
PAAM. The presented strategy, utilizing an extremely high 
magnetic field of more than 30 Tesla, is widely applicable 
to any kind of surfactant. Also, the diameter and shapes of 
the PAAM channels were controlled by changing 
anodization conditions. Therefore, we can design tailored 
membranes in controlled manner for future applications. 

5. References 
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[2] Yamauchi et al., J. Mater. Chem., 15, 1137-1140 (2005). 
[3] Yamauchi et al., J. Mater. Chem., 16, 3693-3700 (2006). 
[4] Yamauchi et al., Chem. Asian J., 2, 1505-1512 (2007). 
[5] Tanaka, Yamauchi et al., Adv. Mater., in press (2008). 
[6] Yamauchi et al., J. Ceram. Soc. Jpn., submitted. 
[7] Yamaguchi et al., Nature Mater., 3, 337-341 (2004). 
[8] Lu et al., J. Am. Chem. Soc., 126, 8650-8651 (2004). 
[9] Yamauchi et al., J. Am. Chem. Soc., 130, 5426-5427 
(2008).

Fig.1 TEM images of mesoporous silica rods prepared (a) without magnetic field and (b) under 30 Tesla. Figure a-2 
is enlarged image of the square area in Figure a-1. 
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Syntheses and Magnetic Alignments of Chiral Liquid Crystalline Poly(meta-phenylene) Derivatives 

Jun Yoshida, Kiyoshi Suda, Kazuo Akagi 
Kyoto University 

Shigeki Nimori 
National Institute for Materials Science 

Abstract:
Poly(meta-phenylene) derivatives substituted with chiral long alkyl groups at side chains are known to form 

self-organized whiskers which are composed of helical conjugated main chains with a hexagonal columnar arrangement. 
Previously, we have synthesized poly(meta-phenylene) derivatives substituted with liquid crystal groups constituting of 
pentylphenylcyclohexyl (PCH) or cyanobiphenyl (CB) moiety, and found that the macroscopic alignment of the columnar 
arrangement can be achieved by applying a magnetic field under their liquid crystalline states. However, the helical senses of 
the polymers were composed of an equal amount of right- and left-handed helices. In this work, we newly synthesized 
poly(meta-phenylene) derivatives substituted with chiral liquid crystal groups of R- and S-configurations as side chains in 
order to control the helical sense of the main chains as well as to align the columnar arrangements under a magnetic field. It 
was clarified from X-ray diffraction (XRD) and circularly dichroism (CD) spectroscopic measurements that the polymer with 
PCH moiety has a discotic lamellar structure, while the polymer with CB moiety has a hexagonal columnar structure, both of 
which consist of helices with one-handed senses of poly(meta-phenylene) main chains, in which the main chains and the 
liquid crystalline side chains are aligned perpendicular and parallel to the magnetic field, respectively. 

Keywords: conjugated polymer, poly(mata-phenylene) derivatives, helical structure, discotic columnar phase,  
liquid crystalline polymer 
E-mail: akagi@star.polym.kyoto-u.ac.jp 

1. 2.

PCH CB

R S

PCH-PMP CB-PMP

Fig. 1

12 T

1

X

CD

COO CH
CH3

(CH2)11O CN

COO CH
CH3

(CH2)11O C5H11

n

(R)-PCH-PMP
(S)-PCH-PMP

n

(R)-CB-PMP
(S)-CB-PMP

*

*

Fig. 1  Structures of the chiral liquid crystalline 
poly(meta-phenylene) derivatives. 

- 99 -



3.

PCH-PMP CB-PMP GPC

2750~6140 5~11

X

PCH-PMP 20.6 13.7

10.4 8.0

41.2

(200) (300) (400)

(500) CB-PMP 25.9

1: 3: 2: 7: 3: 2 3 25.9 13.1 9.7

8.9 7.5 6.4

29.6

(100) (110) (200) (210) (300)

(220) (400)

CD R

S

Fig. 2

4.

PCH CB R

S PMPs

12 T

Fig. 3

300 400 500

 (a
.u

.)

Wavelength (nm)

 (R)-CB-PMP
 (S)-CB-PMP

(a)

(b)

Fig.2  CD spectra of (a) PCH-PMP and (b) 
CB-PMP with respect to R- and S-
configurations.

300 400 500

 (a
.u

.)

 (R)-PCH-PMP
 (S)-PCH-PMP

Wavelength (nm)

(a)
//H

H

Fig. 3  Schematic representation of LC-PMPs after magnetically 
forced alignment: (a) The discotic lamellar structure of 
PCH-PMP, and (b) the hexagonal columnar structure of 
CB-PMP.

(b)//H

H

- 100 -



Magnetic Alignment of Nanorods of Endohedral Metallofullerene Derivative 

Midori O. ISHITSUKA, Takahiro TSUCHIYA, Takeshi AKASAKA 
Center for Tsukuba Advanced Research Alliance, University of Tsukuba 

Yutaka MAEDA 
Department of Chemistry, Tokyo Gakugei University 

Fumiko KIMURA, Tsunehisa KIMURA 
Graduate School of Agriculture, Kyoto University 

Shigeki NIMORI 
National Institute for Materials Science 

Abstract:
Endohedral metallofullerene is of particular interest in view of its application as a building block of nanoscale-electronic 

devices and conducting materials because of its narrow band gap and paramagnetic character. In this work, we have 
chemically functionalized La@C82 to afford the endohedral metallofullerene derivative, La@C82(Ad) (Ad = adamantylidene). 
Nanorods of La@C82(Ad) which have a well-arrayed 1D nanostructure were obtained by a liquid–liquid interfacial 
precipitation method. We have also carried out to align the La@C82(Ad) nanorods using magnetic field of 12 Tesla(T) and 
found that the nanorods are well aligned perpendicular to the magnetic field. 

Keywords: nanorods, endohedral metallofullerene, magnetic alignment, derivative 
E-mail: akasaka@tara.tsukuba.ac.jp 
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Fig.1 Structure of La@C82(Ad)

1 m

Figure 2. SEM image of La@C82(Ad) nanorods 

Figure 3.  Optical micrographs of magnetic orientation of La@C82(Ad)  
nanorods, in no magnetic field (left) and in a 12T magnetic filed (right) 
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Magnetic alignment of crystalline polymer 

Masafumi Yamato 
Tokyo Metropolitan University 

Tsukasa Kiyoshi 
National Institute for Materials Science 

Abstract:
The magnetic alignments of crystalline polymers were carried out in high magnetic field of 30T.  The magnetic 

alignments for polyethylene and isotactic polypropylene were not observed in this study yet.  The magnetic alignment of 
poly(ethylene terephthalate), poly(ethylene naphthalate), and poly(butylene terephthalate) were observed.  However, the 
degree of orientation obtained from these materials was not high as expected.  In case of isotactic polystyrene, the degree of 
orientation for the sample prepared in 30T was as same as one prepared in 8T.  These results strongly suggest that 
anisotropic crystal growth condition is very important for the magnetic alignment of crystalline polymer. 

Keywords: Magnetic alignment, Crystalline polymer, High magnetic field 
E-mail: yamato-masafumi@tmu.ac.jp 
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Fig.1 WAXD pattern of a magnetically aligned PET 
at 30T. 

Fig.2 WAXD pattern of a magnetically aligned 
PMPE at 25T. 
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Control of Microdomain Structures in All-Amorphous Block Copolymers by High Magnetic Fields

Akifumi Yasui, Shinichi Sakurai    Kyoto Institute of Technology 

Tukasa Kiyoshi     National Institute for Material Science 

Masafumi Yamato     Tokyo Metropolitan University 

Fumiko Kimura, Tsunehisa Kimura Kyoto University 

Abstract:
Magnetic orientation of lamellar microdomain structures has been examined for all-amorphous block copolymers. For this 

purpose, we conducted the selective doping of metal-chelate compounds in the polystyrene (PS) phase in 
polystyrene-block-polybutadiene-block-polystyrene triblock copolymer bulk samples undergoing morphological 
transformation from cylinders to lamellae in the presence of the 12 Tesla magnetic field.  We found excellent orientation of 
the lamellar structures parallel to the substrate by application of the horizontal magnetic field for films with 0.1 ~ 0.3 mm in
thickness. We also examined the magnetic orientation of the lamellae in block copolymer solutions of 
polystyrene-block-polyethylenebutylene-block- polystyrene (SEBS-23) with non-volatile selective solvent, dibutylphthalate. 
Due to temperature dependent solvent selectivity, the solutions undergo morphological transformation from cylinders to 
lamellae upon decreasing temperature. By the application of the horizontal 12 Tesla magnetic field during this transformation, 
we achieved appreciable lamellar orientation parallel to the substrate. Thus, for both cases of the bulk and solution samples, 
the magnetic control of the coalescence direction of the microdomain interface upon the morphological transformation from 
cylinders to lamellae results in the lamellar orientation. Nevertheless, perpendicular orientation of the lamellae could not be
achieved, may be due to stronger surface constraint caused by the substrate. For block copolymer solutions, some informative 
results were obtained, which may be a consequence of the competing effects of the surface field and the perpendicular 
magnetic field. These are in good accord with those observed in our previous study of the perpendicular magnetic orientation 
of cylinders in another SEBS triblock copolymer in a thin film. 

Keywords: block copolymer, chelate doping, high magnetic field, microdomain, orientation 
E-mail: shin@kit.jp
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Figure 1 Results of the 2d-SAXS measurements for the 
annealed SBS films, which were annealed in the presence of 
the magnetic field (B’:12Tesla). The original as-cast film 
before annealing was obtained by casting from the MEK 
solution (a) with and (b) without the chelate in the presence 
of the magnetic field (B:12Tesla). 
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Figure 2 2d-SAXS patterns of the annealed solution samples 
(SEBS-23/DBP), which were annealed in the presence of the 
magnetic field. The direction of the magnetic field is parallel 
to the sample surface. The polymer concentration is (a) 
80wt%, (b) 70wt%, (c) 60wt%, and (d) 50wt%. 
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Development of highly dispersed and aligned single-walled carbon nanotube composite film using high magnetic fields 

Hiroshi Momota, Hiroyuki Yokoi 
Graduate School of Science and Technology, Kumamoto University 

Tadashi Takamasu 
National Institute of Materials Science 

Abstract:
    Highly dispersed and aligned single-walled carbon nanotube (SWNT)-gelatin composite films have been developed 
using high DC magnetic fields to 28 T. The sol-gel transition is completed under the fields and drying process is conducted 
without applying any fields. Uniform SWNT-gelatin films are obtained utilizing newly designed take-down cells. The optical 
anisotropy of the films increases with increasing the magnetic fields applied during the sol-gel transition and reaches to 0.123
for the field of 28 T. 

Keywords: single-walled carbon nanotube, magnetic alignment, gelatin, composite 
E-mail: yokoihr@kumamoto-u.ac.jp 
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Simultaneous Alignment and Micropatterning of Carbon Nanotubes Using Modulated Magnetic Field 

 Kaoru Tsuda 
Nano Frontier Technology Co.,Ltd. 

Yoshio Sakka 
National Institute for Materials Science 

Abstract:
A facile method of simultaneous alignment and micropatterning of carbon nanobubes (CNTs) is presented. The method 

uses the combination of the magnetic alignment and patterning techniques. The most important point of patterning and 
alignment is to prepare well-dispersed CNTs since they are aggregated as produced. Due to their diamagnetic nature, CNTs 
suspended in a liquid medium are trapped at the minima of the magnetic field created by a field modulator and at the same 
time they align due to their magnetic anisotropy. The difference of electric conductivity of aligned and random oriented CNTs 
in polymer matrix was observed. The alignments both parallel and perpendicular to the film surface have been achieved. The 
achieved alignment in a suspension was fixed by solidifying the suspending liquid through polymerization, evaporation of the 
solvent or ceramic composite. 

Keywords: Carbon Nanotubes, Alignment, horizontal alignment, vertical alignment, Patterning, Micropatterning, Magnetic 
Field, Polymer Composites, Ceramics, TiO2, ZrO2
E-mail: Kaoru.tsuda@nano-frontier.com 
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Fig.1 Optical microscopic photograph of CNTs in TiO2
composite. Cracked film was observed. 

Fig.2 Horizontal alignment of CNTs in TiO2 composite.

Fig.3 SEM photograph of horizontal alignment of CNTs in TiO2. Small cracking were observed around CNTs. 
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Fig. 4  SEM photograph of CNTs in TiO2 no cracking. Fig.5 Horizontal alignment of CNTs in TiO2. There is 
no crack and aggregation. The thickness of film was 
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Fig.6 Horizontal alignment of CNTs in ZrO2 composite. Fig.7 Random oriented CNTs in TiO2 composite. 
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Effect of high magnetic field on mammalian gametes 
– Pre-incubation for capacitation of guinea pig spermatozoa using for alternating-current magnetic field – 

Tadashi Sankai, Masanori Hatori, Sultana Fowzia 
National Institute of Biomedical Innovation 

Akiko Okada 
Toho University 

Shigeki Nimori 
National Institute for Material Science 

Abstract:
    The effect of magnetic field on the motile rate and acrosome reaction rate of guinea pig spermatozoa was studied. In our 
previous study, we found that exposure to an alternating-current magnetic field (50Hz, 5 X10.4 tesla) increased acrosome 
reaction, at low Ca2+ concentration (0.12-0.25m mM). In the present study, we found that the medium had a high BSA 
72mg/ml (bovine serum albumin) and acetone, induce the acrosome reaction, which was Ca2 free (no added calcium) in 
modified Tyrode solution (Ca2+ free MT ). The acrosome reaction has not been observed under the 25 M Ca2  in medium, 
therefore we calculated the Ca2 in the medium. The calculated Ca2  was apporoximately 0.33mM, in a Ca2+ free MT. Then 
EGTA (Ca2  chelate) were added to the Ca2+ free MT to determine the effect on the acrosome reaction. The findings suggest 
that the acrosome reaction was inhibited ( Specific difference p<0.001) by low level of 0.25mM of EGTA in Ca2+ free MT. 
The Ca2  concentration is one of important factor for the effect of the magnetic field on the acrosome reaction. Further study 
is needed to determine the best combination and concentration of Ca2 , EGTA and BSA. 

Keywords: Magnetic field, Ca2+., Capacitaion, Acrosome reaction, Guinea pig sperm 
E-mail: sankai@nibio.go.jp 
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(table 1) Ca2+ 1mM

EGTA 0.25mM 6.5%

EGTA 20% Ca2+ 2mM

45% Ca2+

EGTA 32.5%

EGTA 1mM 0.5mM 0.25mM

0% 0.67% 4%

P<0.001 Ca2+

7.5%

32.5%  (p < 0.003) 

Chalbiochemical BSA

 (R. 

Yanagimachi, Biol Reprod 13. 519-526, 1975) 

Ca2+

(P<0.003 )

20-22

5-10

Ca2+

EGTA Ca2+

swum up

4.

Ca2+

BSA Ca2+

EGTA

Ca2+ EGTA

Sum up

N Ca2+ EGTA mM % survival % AR 

2 1 55 4 

2 0.5 55 15 

2 0.25 45 30 

2

2 mM 

0 45 45 

2 1 15 5 

2 0.5 50 4 

2 0.25 45 6.5 

4

1 mM 

0 40 29 20 18

N Ca2+ EGTA mM  % survival   % AR

2 Ca 0mM 1 35 01)

3 BSA 72mg/ml 0.5 33.3±32 0.67±12)

3 aceton 40% 0.25 60±10 4±23)

4  0 62.5±9.6 32.5±54)

 Ca 0mM 

4 BSA 72mg/ml 0 45±31 7.5±55)

aceton 0% 

Table 1 Effect of EGTA concentration on the AR rate 
with calcium medium,  after 20-22h incubation. 

N.  number of experiments. 
% survival  mean ±SD % of survival rate 
% AR  mean ±SD % of the acrosome reaction. 
medium= modified tyrode 

Table 2  Effect of EGTA concentration on the AR rate 
in the calcium free medium with aceton, after 20-22h 
incubation.

N.  number of experiments. 
calcium free medium= no added calcium,   
aceton 40%= 50 l medium were evapolated to aceton in 2h 
before use.. 
2) and 3) non-specific difference. 
3) and 4) specific difference P = 0.001 
4) and 5) specific difference P = 0.003 

- 114 -



Effects of static magnetic fields on osteoblasts and osteoclasts: Analysis by a model system using fish scale 

Nobuo Suzuki, Makiko Kakikawa, Syoshin Hashimoto, Satoshi Sunata, Yuta Oda and Sotoshi Yamada,  
Institute of Nature and Environmental Technology, Kanazawa University 

Noriyuki Hirota and Fumiko Kimura, National Institute for Materials Science 

Kei-Ichiro Kitamura, Graduate School of Medical Science, Kanazawa University 

Masakazu Iwasaka, Faculty of Engineering, Chiba University 

Atsuhiko Hattori, College of Liberal Arts and Sciences, Tokyo Medical and Dental University 

Shoogo Ueno, Graduate School of Engineering, Kyushu University 

Abstract:
Human bone consists of osteoblasts, osteoclasts, and bone matrix. Few technique for the co-culture of these components 

has been developed yet. The fish scale is a calcified tissue that contains osteoblasts, osteoclasts, and bone matrix similar to
those found in human bone. Recently, we recently develop a new in vitro assay system with goldfish scales. Using this assay 
system, we examined the mechanism of bone formation by strong static magnetic fields in the present study. In both 6 h and 
24 h exposure, static magnetic fields (13T) enhanced osteoblastic activity, but suppressed osteoclastic activity. Therefore, 
strong static magnetic fields (13T) have a potential for use as curative methods for bone diseases. 

Keywords: Static magnetic fields, Osteoblasts, Osteoclasts, Scale, Goldfish 
E-mail: nobuo@kenroku.kanazawa-u.ac.jp 
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The study of biological effect of strong static magnetic field 

Masateru Ikehata, Sachiko Yoshie 
Railway Technical Research Institute 

Noriyuki Hirota, Taro Takemura, Takashi Minowa, Nobutaka Hanagata 
National Institute for Materials Science 

Abstract:
    The effects of strong static magnetic fields (SMFs) on mutagenesis related to ROS behaviour were investigated. To 
estimate mutagenicity of SMFs, superoxide dismutase (SOD)-deficient Escherichia coli QC774 that is defective of sodA and
sodB was employed. QC774 cells were exposed to 5, 10 and 13 T SMFs for 24hr at 37˚C in LB medium. After exposure, the 
frequency of thymine synthesis deficiency (Thy-) mutant was determined for evaluation of mutagenicity. In the result, no 
statistically significant difference in Thy- mutant frequency was observed between SMF-exposed cells and unexposed cells in 
all of magnetic flux densities. It suggests that SMF does not have mutagenicity in SOD-deficient E. coli under the condition 
in this study.

Keywords: Strong static magnetic field, Superoxide dismutase, Mutagenicity, Escherichia coli
E-mail: ikehata@rtri.or.jp 
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Magnetoelectrochemical polymerization of bithiophene 

Hiromasa Goto 
Graduate School of Pure and Applied Sciences, Institute of Materials 

Science, University of Tsukuba 

Shigeki Nimori 
National Institute for Materials Science 

Abstract:
    Magnetoelectrochemical synthesis of a polythiophene in a nematic liquid crystal electrolyte was carried out. The 
polymer shows good redox property evaluated with a cyclic voltammetry. Electrochemical polymerization of the monomer in 
a nematic liquid crystal electrolyte without magnetic field affords a polymer having a Schlieren texture. The polymer thus 
synthesized in the liquid crystal electrolyte under the magnetic field (8 T) shows “linear polarized dichroic electrochromism”

Keywords: high magnetic field, NMR, magnetic order, Haldane gap, hybrid magnet 
E-mail: gotoh@ims.tsukuba.ac.jp 
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PbNi2V2O8
High-Field NMR study on the Haldane compound PbNi2V2O8

Kenjiro Hashi, Naohito Tsujii, Tadashi Shimizu, Atsushi Goto, Shinobu Ohki, and Hideaki Kitazawa 
National Institute for Materials Science 

Abstract:
51V-NMR measurements of the Haldane compound PbNi2V2O8 at 30 T have been performed by using a hybrid magnet 

installed at National Institute for Materials Science. The NMR spectrum begins to split at 12K with decreasing temperature. 
The temperature at which the NMR spectrum begins to split well agrees with the temperature at which the magnetization 
takes the minimum. The splitting of the NMR spectrum gives microscopic evidence for the presence of the field-induced 
antiferromagnetic ordering. The splitting has grown uniformly with decreasing temperature, suggesting that the transition is 
of second order and the magnitude of the ordered moment is uniform. The upper limit of the magnitude of the ordered 
moment was estimated from dipole field calculations. 

Keywords: high magnetic field, NMR, magnetic order, Haldane gap, hybrid magnet 
E-mail: HASHI.Kenjiro @nims.go.jp 

1.

PbNi2V2O8 [1] PbNi2V2O8 Ni2+

c

Ni2+

20T

[2]

30

[3]

2.

PbNi2V2O8 PbO, NiO, V2O5

6.3T

30T 51V

11.7

8000

6000

4000

2000

0

FT
 In

te
ns

ity
 (a

.u
.)

134133132131130

Frequency (MHz)

290K

250K

200K

150K

120K

100K

70K

50K

40K

30K

20K

10K

4.2K

PbNi 2V 2O 8
51 V-NMR

11.75 T

Fig. Temperature dependence of 51V-
spectra at 11.7T. 

- 121 -



3.

11.7T 51V

NMR

30T
51V-

15K

12K 3K

30

15K

12K

3K 1.6 0.1

PbNi2V2O8

Ni2+

Mg2+

H m

H[kHz]=817 m [ B]

3K 1.6 0.1

1.9 0.1 B ESR

S=1, g=2.2

 0.9 B

4.

Reference 

[1] Y. Uchiyama, Y. Sasago, I. Tsukada, K. Uchinokura, A. 

Zheludev, T. Hayashi, N. Miura, and P. Boni: Phys. Rev. 

Lett. 83 (1999) 632.  

[2] N. Tsujii, O. Suzuki, H. Suzuki, H. Kitazawa, and G. 

Kido: Phys. Rev. B 72 (2005) 104402. 

[3] K. Hashi, N. Tsujii, T. Shimizu, A. Goto, S. Ohki, and H. 

Kitazawa: J. Phys. Soc. Jpn. 76 (2007) 064705.

Fig.2 Temperature dependence of the NMR spectra 
at 30T. 

12

10

8

6

4

2

0

Sp
in

-e
ch

o 
In

te
ns

ity
 (a

rb
. u

ni
ts

)

342340338336

Frequency (MHz)

PbNi 2V2O 8
51 V-NMR

30 T

3K

4K

7K

10K

12K

15K

20K

50K

100K

200K

341

340

339

338

Fr
eq

ue
nc

y 
(M

H
z)

1 10 100 1000

Temperature (K)

PbNi 2V2O8
51V-NMR

30 T

Fig. Temperature dependence of the resonance 
frequency at 30T. 

- 122 -



VI
Development of a nuclear spin polarizer with the optical pumping method: VI

,
Atsushi Goto 

National Institute for Materials Science and Japan Science and Technology Agency, PRESTO 
,

Tadashi Shimizu, Kenjiro Hashi, Shinobu Ohki and Chieko Takizawa 
National Institute for Materials Science 

Abstract:
We have studied polarization transfer dynamics in optically oriented nuclear spins in semi-insulating compound 

semiconductor InP:Fe in order to examine internuclear couplings in hyperpolarized nuclei. 
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Fig. 3 Crystal Structure of InP and a network of 
internuclear couplings. Aij and Bi are homo- and 
heteronuclear dipolar couplings, respectively, and JIS is an 
indirect heteronuclear coupling between neighboring 
nuclei.
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Abstract:
Magic angle spinning (MAS) controlling system was improved and tuned for 930MHz highest field NMR system 

Further, MAS control system were developed by using PID control sequence and applied for solid NMR solution 
measurements. As a result, it is concluded that this MAS system has enough specifications for achievements of 
high-resolution NMR experiments. 
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Abstract:
27Al NMR spectrum of low silica X-type zeolite loaded with potassium has been examined for several loading levels of 

potassium. Positively shifted component is observed only for the sample with no ferrimagnetic transition. This feature 
pointed out a possibility that the electron wave function corresponds to Fermi level changes its position to the framework of 
zeolite after vanishing of ferrimagnetic transition. 
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Abstract:
A method for compensating effect of field fluctuation is examined to attain high-resolution NMR spectra under an 

unstable magnetic field. In this method, time dependence of electromotive force induced for a pickup coil attached near a 
sample is measured synchronously with an acquisition of NMR. Observed voltage across the pickup coil is then converted to 
field fluctuation data, which is used to deconvolute NMR signals. The feasibility of the method is studied by 79Br MAS NMR 
of KBr under a 30 T magnetic field of a hybrid magnet. Twenty single-scan NMR signals were accumulated after the 
manipulation, resulting in a spectrum of a single main peak with its spinning sidebands. 
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Fig1: Free induction decays (i) and the corresponding Fourier-transformed spectra (ii).  (a) shows a MAS 
NMR signal of 79Br in KBr measured with the hybrid magnet at 30 T.  (b) represents the compensation signal 
for (a) obtained using data of the induced electromotive force.  (c) shows the compensated signal obtained by 
the present scheme with signals (a) and (b).  (d) and (e) show the accumulation of twenty compensated (d)
and raw signals (e), respectively. 
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I. Introduction 
Since the development of the CP/MAS method by 

Schaefer et al. in 1975,1) more than 30 years have passed with 
many remarkable progresses in hardware and software for 
high-resolution solid-state NMR spectroscopy. We started 
high-resolution solid-state 13C NMR studies of solid polymers 
including different types of native celluloses in 1981 by using 
a JEOL FX-100 spectrometer operating at an electromagnetic 
field of 2.35 T. Since then, we have been contributing to the 
clarification of the crystalline-noncrystalline structure of 
crystalline and liquid crystalline polymers, structure and 
structure formation of native cellulose, the conformation and 
hydrogen bonding in poly(vinyl alcohol) (PVA) materials 
with different tacticities, and dynamics of polymers in the 
crystalline and noncrystalline states. In this paper, we focus 
our attention on the characterization of hydrogen bonding for 
PVA and native cellulose including the characterization at a 
super-high magnetic field and by quantum chemistry 
calculations. Moreover, the surface structure of cellulose 
nanofibers and other polymeric materials, which was 
characterized by surface high-resolution NMR newly 
developed, is briefly reported. 

II. Intramolecular and intermolecular hydrogen bonding 
(1) Poly(vinyl alcohol) 

It is well known that the CH 13C resonance line splits 
into three lines with a chemical shift difference of about 5 
ppm for solid PVA samples. Such splitting is mainly due to 
the crystalline component and the split lines are assigned to 
the CH carbons associated with two, one, and no 
intramolecular hydrogen bonding(s) formed in the triad 
sequences with the all-trans conformation in the order of 
decreasing chemical shift.  This assignment seems highly 
plausible because the features of hydrogen bonding for 
different PVA samples were reasonably characterized by the 
detailed structure analysis based on this assignment.2)

It is, however, also very important to explain such 
splitting by using quantum chemistry calculations. We tried to 
simply calculate the 13C chemical shift values for the central 
CH carbons of the isolated trimer molecules of PVA 
composed of the mm, mr, and rr sequences by using Gaussian 
03.3) After the energy minimization, it was found that two, 
one, and no intramolecular hydrogen bond(s) should be 
respectively formed for the mm, mr, and rr sequences as 
expected. Moreover, the 13C chemical shift values of the 
central CH carbons are appreciably shifted upfield in this 
order, being in good agreement with the experimental results. 
Similar calculations will be performed for the cases of the 
formation of two, one, and no hydrogen bond(s) in the mm
sequence with the all-trans conformation. 

As for the noncrystalline component, the so-called -
gauche effect4) and the possible formation of the 
intramolecular hydrogen bonding even in the r units should 
be considered by the existence of the gauche conformations at 
some fraction depending on each sample.  We have already 
proposed the detailed analytical method for the CH resonance 
line of the noncrystalline component, which can be 
selectively obtained by the 13C T1 filtering method, for each 
PVA sample.5) Here, two probabilities ft and fa are introduced 
for the adoption of the trans conformation and the formation 
of the intramolecular hydrogen bonding in the possible vicinal 
OH groups, respectively. The CH line shape analysis 
conducted in terms of the nine constituent lines, which are 
produced by assuming the -gauche effect and downfield 
shifts induced by intramolecular hydrogen bonding, and 
statistical treatments for their intensities make possible the 
determination of the ft and fa values for different PVA 
samples. Here, we also examine the -gauche effect induced 
by the carbon or oxygen atom and the downfield shift 
produced by the formation of intramolecular hydrogen 
bonding in the r units by quantum chemistry calculations to 
establish the detailed analytical method for the noncrystalline 
component of PVA.3)
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(2) Native cellulose 
High-resolution solid-state 13C NMR greatly contributed 

to the proposal6) and the establishment of the composite 
crystal model that native cellulose crystals are composite 
crystals of two allomorphs, cellulose I  and I , especially 
through the finding7,8) of wide distributions of I  and I  in 
nature and the discovery9,10) of the crystal transformation 
from I  and I .  On the basis of these contributions, recent 
wide-angle X-ray and neutron diffractometries proposed the 
crystal structures for the I  and I  crystal forms including the 
positions of the hydrogen atoms.11,12) According to this 
analysis, appreciably different types of hydrogen bonding 
networks are formed among the origin chains and center 
chains that are respectively located at the origin and center 
positions in the monoclinic I  unit cells. Moreover, another 
set of hydrogen bonding networks is also assumed as 
disordered structure whose occupancy is at a level of about 
40-20 %.

Since high-resolution solid-state NMR is very sensitive 
even for the disordered component, we tried to characterize 
the hydrogen bonding structure in native cellulose crystals by 
mainly using solid-state 1H CRAMPS, 13C-1H hetero-nuclear 
correlation (HETCOR) NMR, and CP/MAS 2H NMR at a 
super-high magnetic field.13) First we measured 1H CRAMPS 
spectra of tunicate cellulose, which has almost pure I  form at 
a degree of crystallinity of about 100 %, and its OH-
deuterated sample at 400 MHz and clarified the OH 
contributions. Since the resolution of the OH lines thus 
obtained is not enough to characterize the hydrogen bonding, 
we also measured the 13C-1H HETCOR spectrum for tunicate 
cellulose at 500 MHz as shown in Figure 1.  It was found that 
the C3 and C6 doublets, which are assigned to the carbons in 
the origin and center chains, have their own correlation peaks 
with the OH protons at sites 3 and 6, respectively. In contrast, 
the C2 singlet has only one correlation peak with the OH 
groups at site 2.

According to the hydrogen bonding networks proposed 
by the diffractometries described above, the OH groups at 
sites 3 and 6 form significantly different types of hydrogen 
bondings in the origin and center chains, in good agreement 
with the 13C-1H HETCOR results. However, even OH groups 
at site 2 also have two types of hydrogen bondings in the 
respective chains, whereas only one correlation peak is 
observed in the HETCOR spectrum. Moreover, any possible 
contribution from the disordered hydrogen bonding networks 
could not be detected at the present level of 1H resolution in 
the HETCOR spectrum. 

  To further increase the 1H resolution, we tried to use 
CP/MAS 2H NMR, which was very recently developed at a 
super-high magnetic field of 21.8 T,14) because 2H NMR is 
much higher in resolution than 1H NMR. We could obtain 
CP/MAS 2H NMR spectra at much higher resolution as 
expected for the OH-deuterated tunicate cellulose and also for 
the OH-deuterated Glaucocystis cellulose that has the I  form 
at a very high I  content of about 90 %. Now we are also 
developing a 13C-2H-1H triple resonance probe to measure a 
13C-2H HETCOR spectra for these cellulose samples. The 
results will be presented at this symposium. 

III. Surface structure characterized by surface high-
resolution NMR

Although there are many different methods to 
characterize the surface structure of polymer materials, the 
chemical and molecular structure should be characterized in 
detail by solid-state NMR. However, it was very difficult to 
selectively measure the surface component in some polymer 
material by conventional solid-state NMR. We could very 
recently develop a new solid-state NMR by combining 1H
spin diffusion process and CP/MAS detection, which is 
simply called surface high-resolution (SURHIR) NMR.15) In 
this method, pieces of fibers or films are dispersed in a simple 
liquid such as water with or without the addition of a small 
amount of surfactant and 1H spin diffusion is induced from 
the surrounding medium to the polymer materials through the 
surface during an appropriate time for the spin diffusion. 
Finally, the 13C detection is carried out for the 1H
magnetization produced through the 1H spin diffusion by the 
CP/MAS method as a function of the spin diffusion time. 
Then, we can basically characterize the chemical and 
molecular structure, local molecular orientation, hydrogen 
bonding, dynamics, and so on as a function of the distance in 
Å from the surface which will be closely related to the spin 
diffusion time. 

Figure 1. 13C-1H hetero-nuclear correlation spectrum for tunicate 
cellulose
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First we characterized the surface structure for cellulose 
nanofibers that were obtained by treating the mantle of 
tunicin with 60 % H2SO4 aqueous solution according to the 
method usually used. After the careful purification, the 
nanofibers dispersed in water were freeze-dried and then an 
appropriate amount of water was added to them to adjust the 
water content to 0.7g-water/g-cellulose. The sample thus 
prepared was packed in a MAS rotor equipped with spacers 
having seal function to suppress the removal of water during 
MAS. The SURHIR NMR measurements were conducted at 
room temperature mainly on a Chemagnetics CMX-400 
spectrometer.

Figure 2 shows CP/MAS 13C NMR spectra for tunicate 
cellulose nanofibers obtained at different spin diffusion times 
(tds) by surface high-resolution NMR. At the right side of the 
figure, the distance L from the surface is also shown which is 
calculated from td by assuming the one-dimensional spin 
diffusion process in this system. A clear increase in intensity 
is observed in each main resonance line with increasing spin 
diffusion time. This indicates that 1H spin diffusion really 
occurs from the surrounding water to cellulose nanofibers 
through their surface. The detailed analysis for the peak 
intensities of the downfield and upfield lines for the C4 and 
C6 carbons, C4D/C6D and C4U/C6U, which are respectively 
assigned to the crystalline and disordered components, 
revealed that the disordered component is distributed in a 
surface area less than about 5 nm from the surface, while the 
well-ordered crystalline component forms the core of the 
nanofiber ranging from about 1-10 nm from the surface. A 
somewhat disordered crystalline component also exists in a 
surface area less than about 1 nm from the surface. 

Similar SURHIR NMR measurements were also 
performed for the cellulose nanofibers in which the OH 
groups were converted to the COOH groups in the surface 
area. However, no resonance line could be detected for the 
sample when water was used as a dispersion medium 
probably because of the vigorous decrease in CP efficiency 
for the COOH groups by swelling with water. In this case a 
hydrophobic liquid should be used as a dispersion medium 
and a small amount surfactant may be sometimes necessary 
for better dispersion of the hydrophilic nanofibers. Here, we 
used n-decane as a dispersion medium and 1-O-n-octyl
glucopyranoside (OGP) as a surfactant. In this system we 
could observe a resonance line assignable to the COOH 
groups and conclude that the COOH groups are distributed in 
a surface area less than about 1 nm from the surface. 

We evaluated the mechanism of the 1H spin diffusion 
process for each case described above. In the aqueous 
medium, bound water molecules are located on the surface of 
each cellulose nanofiber and rapid molecular or H-atomic 

exchanges occur between bound water and free water 
molecules. Such exchanges allow the transfer of 1H
magnetization, which is selectively produced by the 1H T2

filtering, from free water to bound water and the actual 1H
spin diffusion is induced from bound water molecules to the 
cellulose nanofiber through the surface. The existence of free 
and bound water and their rapid exchanges were confirmed 
by DSC and 1H T2 measurements in this system, respectively. 

In contrast, a small amount of surfactant is necessary for 
the hydrophobic medium and hydrophilic nanofiber system. 
Some surfactant molecules are adsorbed on the surface of the 
nanofiber in place of water and hydrophobic liquid molecules 
are bound at the hydrophobic sites of the surfactant molecules. 
The actual 1H spin diffusion will occur from the bound liquid 
molecules to the nanofiber via the surfactant molecules in this 
system.

We also applied SURHIR NMR to the characterization 
of surface structure of different polymer materials including 
fibers and films. In these cases, the dispersion media and 
surfactants should be well selected to successfully observe the 
surface components in the respective samples. 

Fig. 6 1H spin diffusion process from water into the 
nanofibers of tunicate cellulose, measured at different 
spin diffusion times (td) using the pulse sequence 
shown in FFig. 55.
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Figure 2. CP/MAS 13C NMR spectra of tunicate cellulose nanofibers
obtained at different spin diffusion times (tds) by surface high-
resolution NMR.

Fig. 6 1H spin diffusion process from water into the 
nanofibers of tunicate cellulose, measured at different 
spin diffusion times (td) using the pulse sequence 
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resolution NMR.
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Solid-state 17O Nuclear Magnetic Resonance (NMR) is 

expected to be a useful tool for investigating biological 

systems such as metalloproteins and protein-protein 

interactions. This is because oxygen generally plays important 

roles in such biological activities and 17O NMR parameters 

such as electric-field-gradient (EFG) and chemical shielding 

(CS) tensors exhibit large ranges depending upon a functional 

group and a local molecular environment. For example, the 

ranges of 17O CS tensors are distributed around approximately 

1500 ppm from urea to aldehyde. Recently, by using 17O

stationary, MAS, and MQMAS experiments at multiple 

magnetic fields combined with MO calculations, our group has 

presented experimental 17O NMR tensors for a series of 

biological compounds including amino acids, peptides, and 

proteins. In this presentation, we will present a systematic 

experimental and theoretical investigation of oxygen-17 EFG 

and CS tensors in biological solids. In particular, it is possible 

to discuss the trends and the nature for the 17O NMR tensors in 

comparison of the obtained NMR parameters with the 

already-known molecular structures. In addition, we will report 

a solid-state 17O NMR study of metal-organic compounds in 

which oxygen atoms in amino acids are directly involved with 

metal ions. They are very attractive small molecules since they 

may serve as model compounds for the future investigations of 

metalloproteins. This work is part of a systematic investigation 

of amino acids, peptides, and proteins by solid-state 17O NMR 

performed at RIKEN Genomic Sciences Center. 
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Figure 1. Experimental 17O MAS spectra for  (a) 
[17O]- -glycine, (b) Li2SO4 [17O]-glycine, and (c) 
NaNO3 [17O]-glycine. Schematic representations of the 
corresponding intermolecular interactions around the 
carboxylate oxygen of glycine molecules are also given at the 
rights sides of the spectra. 
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Figure 1 shows experimental 17O MAS spectra for (a) 

[17O]- -glycine, (b) Li2SO4 [17O]-glycine, and (c) NaNO3

[17O]-glycine, observed at 11.7 T with sample spinning 

frequencies of 12-15 kHz. The analysis of these MAS 

spectra can yield CQ, Q, and iso for each oxygen atom in 

the carboxylate group of glycine molecules. Compared to 

the 17O NMR tensors for -glycine, previously reported by 

our group, it can be found that 17O NMR parameters are 

highly sensitive to hydrogen bonding environments. For 

instance, there are differences of approximately 5-8 ppm in 

iso between -glycine and -glycine. This clearly 

demonstrates that solid-state 17O NMR is useful for the 

investigations of polymorphs. In Li2SO4 glycine, the two 

carboxlate oxygen atoms of a glycine molecule are directly 

linked to Li ions. At a glance, the 17O MAS NMR line 

shape for the Li2SO4 [17O]-glycine is different from that of 

[17O]- -glycine, but the line widths are roughly similar to 

each other. In fact, the value of iso is reduced to 

approximately 20 ppm, while the value of CQ exhibits 

relatively similar value of -glycine. Although it is well 

known that hydrogen bonds make it change the values of 
17O iso and CQ, the present data suggest that the effects of 

ion-binds on the 17O NMR tensors may be different from 

that of hydrogen bonds. According to the molecular 

structure of NaNO3 glycine, the glycine molecules are 

sandwiched between the NaNO3 layers, and the oxygen 

atoms of the glycine molecule are bonded to Na ions. 

Interestingly, the 17O MAS spectrum of NaNO3

[17O]-glycine exhibits a shapeless one. We carried out the 
17O NMR experiments from 210 K to room temperature, 

and it can be found that a dynamical process exists in this 

system since the line shapes are varied with each 

temperature. It is deduced that glycine molecules have a 

local motion between the NaNO3 layers. 
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Coordination Structure of Glasses Investigated by High Field Solid-state NMR 

Kyon Hun Min, Kiyoshi Yamamoto 
Research Center Asahi Glass Co. Ltd

Miwa Murakami, Masataka Tansho and Tadashi Shimizu 
National Institute for Materials Science 

Abstract:
We have studied the coordination structure of heat treated boroaluminosilicate galss using 21.8 T high field NMR 

spectrometer.  The contents of BO3ring and BO3non-ring show the local maximum and minimum at 750 , respectively.  The 
local maximum and minimum can be provided by a progress of ohase separation and a ring opening of aboboxol group.  
The 21.8 T high field NMR spectroscopty enables us to clarify the coordination structure of boroaluminosilicate glass in 
detail. We have also studied about coordination structure of aluminum in boroaluminosilicate glass. 

E-mail:

1.

11B 27Al

(65SiO2-25B2O3-5Al2O3-5CaO)
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BO3non-ring, BO3ring

(65SiO2-25B2O3-5Al2O3-5CaO) 600

BO3ring

BO4
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Fig. 1. 11B NMR spectra taken in 21.8 T of 
boroaluminosilicate glass treated at 750 .  The NMR 
spectrum is deconvolved with Gaussian curves.  
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NMR
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T NMR B, Al

1 ) A. H. Silver and P. J. Bray, J. Chem. Phys. 29 (1958) 5. 

2 ) T. Nakashima, New Glass 3-3 (1989) 20. 

3 ) J. Krogh-Moe, J. Non-Cry. Solids 1 (1969) 269. 

Fig.2. The composition of boron.  denote 
BO3non-ring, BO3ring and BO4, respectively.  
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BO3ring BO4

- 138 -



NMR  MAS
Separation of 2H MAS NMR Spectra in Paramagnetic Compounds by Two-Dimensional Spectroscopy 

Motohiro Mizuno, You Suzuki, Kazunaka Endo 
Graduate School of Natural Science and Technology, Kanazawa University 

Miwa Murakami, Masataka Tansho, Tadashi Shimizu 
National Institute for Materials Science 

Abstract:
The technique of 2H MAS NMR spectroscopy is presented for the investigation of molecular dynamics in paramagnetic 

materials. For paramagnetic samples with several structurally nonequivalent sites, the isotropic paramagnetic shift due to the 
Fermi-contact interaction is useful for separation of the spinning sideband patterns of the deuterons in the different sites. The
use of two-dimensional NMR spectroscopy for separation of the spinning sidebands is discussed. The two-dimensional 
single-quantum and double-quantum 2H MAS NMR spectra were measured for paramagnetic compounds. The observed 
two-dimensional 2H MAS NMR spectra were well reproduced by the simulation including paramagnetic effects and 
molecular motions. For the further separation of 2H MAS NMR spectra in the different sites, application of a strong field of 
21.8 T to this technique is discussed. 

Keywords: deuterium NMR, MAS, paramagnetic interaction, two-dimensional NMR, high magnetic field 
E-mail: mizuno@wriron1.s.kanazawa-u.ac.jp 
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Fig.1 Pulse sequences for the measurement of 
two-dimensional 2H MAS NMR spectrum. (a) 
single quantum method, (b) double quantum 
method
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1) M. Mizuno, Y. Suzuki, K. Endo, M. Murakami, M. 

Tansho, and T. Shimizu, J. Phys. Chem. A, 111, 12954 

(2007).

(b)

Fig.2 Two-dimensional 2H MAS NMR spectra of Sm(NO3)3•6D2O
using single quantum method (a) and double quantum method (b). 

0=45.826 MHz. 

Fig. 3 Two-dimensional 2H MAS NMR spectrum of 
Sm(NO3)3•6D2O using double quantum method. 
( 0=142.76 MHz, MAS speed= 16kHz) 
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1H NMR

Structure Analysis of Alanine Oligomers in -sheet Forms by High Field Solid State 1H NMR 

Yu SUZUKI, Kazuo YAMAUCHI, Tetsuo ASAKURA 
Department of Biotechnology, Tokyo University of Agriculture and Technology 

Hiromichi KUROSU 
Nara Women’s University 

Tadashi SHIMIZU, Masataka TANSHO 
National Institute for Materials Science 

Abstract:
    The solid state 1H NMR spectra of trialanine with parallel and anti-parallel -sheet structures were measured by high 
field / fast MAS NMR. NH 1H signal of (Ala)3 taking P structure was resonated at higher field than that of AP structure. This 
was consistent with the relative hydrogen bond lengths of the inter-strand N-H..O=C bonds. Parallel -sheet structures were 
partly accompanied with major AP structures when peptides of longer chain-length such as (Ala)7,8 are concerned as viewed 
for the resulting shoulder NH 1H signals. 

Keywords: High field solid state 1H NMR / -sheet structure / Alanine oligomer 
E-mail: asakura@cc.tuat.ac.jp 
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1) Asakura, T. et al., J. Am. Chem. Soc., 2006, 128, 6231.

2) Fawcett, J. K. et al., Acta Cryst. 1975, B31, 658.  

3) Hempel, A. et al., Biopolymers 1991, 31, 187. 

4) Suzuki, Y. et al., Jour. Phys. Chem. B, 2007, 111, 9172 

Fig.1 Eight and six peptide chains in crystalline 
anti-parallel and parallel (Ala)3 used for theoretical 
calculation of NMR shielding constants. 2),3)

Fig.2  (A)1H MAS NMR spectra of (Ala)3 with AP 
and P structures (B)Stick spectra of 1H chemical 
shifts calculated by DFT method. 

Fig.3 1H MAS NMR spectra of (Ala)n (n=3~8). 
(w) is water peak and (r) is internal chemical shift 
reference (silicon rubber). 
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Structural Analysis of Mesoporous BCN Using Two-dimensional Exchange NMR in Solids  
at High Magnetic Field of 21.8 T 

 Vinu Ajayan
M. Murakami, M. Tansho, T. Shimizu, A. Vinu, K. Ariga, T. Mori 

National Institute for Materials Science 

K.Takegoshi 
Graduate School of Science, Kyoto University 

Abstract:
Microstructures of mesoporous BCN and mesoporous BN have been examined by using two-dimensional 11B-11B

exchange NMR at 21.8 T, which suggests a "pillar and wall" structure for mesoporous BCN, while a wall-only structure for 
mesoporous BN. 

E-mail: MURAKAMI.Miwa@nims.go.jp 
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Al (21.8 T) NMR
High Magnetic Field (21.8 T) Solid-state Nuclear Magnetic Resonance for Inorganic Materials 

Keiji Shimoda, Koji Kanehashi, Moriaki Hatakeyama, Yasuhiro Tobu 
Advanced Technology Research Laboratories, Nippon Steel Corporation 

T. Shimizu, M. Tansho 
National Institute for Materials Science 

Abstract:
We hereby report that high magnetic field (21.8 T) solid-state nuclear magnetic resonance (NMR) spectroscopy is very 

useful in studies of quadrupolar nuclides in inorganic materials. The increase in signal sensitivity, especially for species with
large quadrupolar products, and the decrease in signal width become significant with increasing magnetic field strength. An 
27Al 5QMAS spectrum of a refractory mortar was considerably resolved at 21.8 T compared with 16.4 T, suggesting the 
effectiveness of the high field NMR in clarifying the local structures in complex materials. 

E-mail: saito.koji@nsc.co.jp 
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Fig. 1. The 27AlMASNMR spectra of an industrial 
refractory mortar at different fields. The horizontal axis 
indicates the relative frequency in ppm. The asterisk is a 
spinning side band.
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Fig. 2. The 27Al 5QMASNMR spectra of an industrial 
refractory mortar at (a) 16.4, and (b) 21.8 T, 
respectively. The excitation and conversion pulses 
optimized for the refractory were 3.2 and 1.5 ms at 16.4 
T, and 3.0 and 1.6 ms at 21.8 T, respectively. 80 scans 
with a recycle delay of 8 s were collected for 64t1
increments at 16.4 T, and 120 scans with the delay of 18 
s were for 128t1 at 21.8 T. It should be noted that there 
are ghost peaks along the isotropic dimension (with 
asterisks) at 21.8 T, owing to the incomplete acquisition 
of long-tailed t1 FID signal. Inspection of the 3QMAS 
spectrum (not shown) suggests that the site I is not a 
ghost. The insets envelop the octahedral Al region. 
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