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Solid-state 
23

Na 3QMAS NMR measurements were made of sodium salts of poly(glutamic 

acid), poly(aspartic acid), and poly(methacrylic acid). Local structures of the sodium ion were 

characterized with the isotropic chemical shift cs and the quadrupole coupling product Pq to 

be 0 ~ -1 ppm and 1.6 ~ 2.1 MHz, respectively. 

 

序 

 水溶性ポリアミノ酸は、対イオンに依存してポリアミノ酸の固体状態の主鎖コンフ
ォメーションや対イオン結合部位の構造が変化することが知られている。本研究では、
23

Na MQMAS 法を用いて、高分子に対する Na(I=3/2)イオン結合部位の局所構造を検
討した。 

 

実験 

 23
NaNMR測定は JEOL ECA700(16.4T, 185 MHz)により、4mmローターを用いて室温

で行い、1 M NaCl水溶液を化学シフト基準に用いた。MQMAS測定は Z-filter 3QMAS

法を用いた。13
C-CPMAS測定は 75MHzで行った。 

 試料は、ポリメタアクリル酸 Na(PMA-Na)、ポリ
グルタミン酸 Na(PGA-Na)、ポリアスパラギン酸
Na(PAA-Na)及び酢酸ナトリウム 3H2Oを用いた。 

 

結果と考察 

 Fig.1に各試料の 23
Na-MASスペクトルとその化

学シフト値を示す。高分子系では半値幅が
400~600Hz の巾広いシングレットが得られた。化
学シフト値は Na-O間距離が長くなると、減少する
ので 1)、得られた結果は Na-O 間距離が
PMANa<PGANa<PAANa の順で長くなることを示
唆している。一方酢酸ナトリウムのスペクトルは
四極子分裂を含む線巾が狭い線形を示した。 

 

---------------------------------------------------------------------------------------------------------- 

キーワード：23
Na MQMAS、高分子錯体、四極子結合定数 

○ひらおき としふみ、ふじえ まさき、あらひ しゅう、はたけやま もりあき、さいとう こうじ 

Fig. 1 23Na MAS NMR spectra 
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  13
C CPMAS スペクトルの化学シフ

ト値から求めた高分子のコンフォメ
ーションはそれぞれコイル、コイル/

ヘリックス、ヘリックスである。 

 酢酸ナトリウムの 23
Na 3QMASスペ

クトルを Fig.2に示す。3種の Na部位
の存在が明瞭に判別でき、それぞれの
化学シフト等方値( cs)と四極子積（Pq）
を求めた。強度が最大のシグナル Iは

cs=0.01ppm、Pq= 1.44MHzである。II

は-1.91ppm、1.27MHz、IIIは-0.34ppm、
1.40MHzである。 

 Fig. 3にPGANaの 23
Na 3QMASスペ

クトルを示す。正の傾きを示す巾の広
い 単 一 シ グ ナ ル が 観 測 さ れ 、

cs=0.04ppm、Pq =1.64MHzが得られた。
この試料のコンフォメーションは
70％がコイルで、30%がヘリックスで
あるが、線形に影響はないようである。 
 Fig. 4に PAANaの 23

Na 3QMASスペ
クトルを示す。PGANa と同様に正の
傾きを示す巾の広い単一シグナルが
得られ、 cs= -1.32ppm、Pq=2.02MHz

である。 

 PMANaの 23
Na 3QMASスペクトル

（Fig. 5）は PGANaや PAANaと同様な線形を示し、 cs= -0.44ppm、Pq=2.10MHzであ
る。 

 高分子 Na塩の Pq値はいずれも低分子結晶の NaAcetateより大きい。 csはコンフォ
メ-ションにはほとんど依存していない。 

  

 1) A. George, S. Sen, J. Stebbins, Solid State NMR, 10, 9(1997).  
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Na 3QMAS NMR spectrum of NaAcetate. 

Fig. 3 
23

Na 3QMAS NMR spectrum of PGANa. 
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Na 3QMAS NMR spectrum of PAANa. 
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Analysis of ionic mobility in the porous separator for Li ion battery 
Takuya Morikawa1, Yasuhiro Hashimoto1, Hirohide Otobe1, Aguru Yamamoto1,
Akira Yoshino2

1ASAHI KASEI CORP. Analysis & Simulation Center  
2ASAHI KASEI CORP. Yoshino Laboratory 

Li-ion, diffusing in confined micro porous spaces of the membrane separator was 
characterized with PFG-NMR. By placing the membrane sample with its direction 
appropriately set, every x/y/z component of the ion mobility was individually obtained. 
Further, with the varied diffusion time, an anomalous diffusion behavior was observed. These 
anisotropy and anomalous diffusion phenomena may well be related with the inhomogeneity 
of the micro pore distribution. With further information from FIB-SEM and computer 
simulation combined, we will discuss the battery characteristics, focusing on the Li-ion 
diffusion and micro porous structure. 
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Fig. 1  Sample preparation for
PFG-NMR measurement
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Fig.3 Diffusion constant of Li+ in 
the separator normalized against the
bulk electrolyte.

Fig. 4 The diffusion plot of
electrolyte in separator.1) Hayamizu K. et al, J. Phys. Chem. B, 1999, 103, 519-524. 
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6Li/7Li MAS NMR studies on LiCoO2

Miwa Murakami1, Yasuto Noda2,3, Kiyonori Takegoshi2,3, Hajime Arai1,
Yoshiharu Uchimoto4, Zenpachi Ogumi1

1Office of Society-Academia Collaboration for Innovation, Kyoto University, Kyoto, Japan. 
2 Graduate School of Science, Kyoto University, Kyoto, Japan. 3 CREST, Japan. 
4 Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan.

6Li/7Li solid-state magic-angle spinning (MAS) NMR has been employed to study 
microscopic local structure of LiCoO2, which is one of the most widely used cathode 
materials in lithium ion batteries. The 6Li/7Li MAS spectra consist mainly of a strong sharp 
signal at 0 ppm and several small signals at ca. 183, 4, -5, -16 ppm. The shift was attributable 
to hyperfine interaction between Li and paramagnetic Co ions, which are introduced by 
excess Li ions occupying the Co sites in the -NaFeO2 lattice structure. 7Li-7Li 2D exchange 
NMR experiment bears cross peaks among the central Li peak and the minor peaks, for which 
the exchange mechanism is ascribed to spin-diffusion. Analysis of the 2D NMR spectra as 
well as T1 measurement allow us to assign the minor peaks and local structures of these minor 
Li sites near the paramagnetic center is discussed. 

 Fig. 1 7Li/6Li MAS spectra of 

LiCoO2 observed at 9.4 T with the 

MAS frequency of ca. 20 kHz. 
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References 
1. S. Levasseur et. al., Chem. Mater. 15 (2003) 348-354. 

 Fig. 3 Recovery curves of 6Li signal intensities 

of LiCoO2 observed at 14 T with the MAS 

frequency of ca. 14 kHz. 

Fig. 2 7Li-7Li 2D exchange MAS spectrum 

of LiCoO2 observed at 9.4 T with the MAS 

frequency of ca. 19 kHz. 
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Ion dynamics in alkali borohydrides
Keiko Jimura and Shigenobu Hayashi 

Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial 
Science and Technology (AIST). 

Hydrogen gas is a clean energy source for fuel cells. Hydrogen storage with high densities 
is one of key technologies to realize the fuel cells. A number of materials containing hydrogen 
have been studied as hydrogen storage materials. Among them, Inorganic compounds such as 
sodium borohydride NaBH4 and lithium aluminum hydride LiAlH4 are attractive because of 
their high mass density of hydrogen. To understand hydrogen states and dynamics is useful to 
create new hydrogen-storage materials. Solid-state NMR is a powerful method to study local 
structure and dynamics. In the present work, we focus on alkali borohydrides. We have 
studied ion dynamics in alkali borohydrides by means of solid-state NMR.
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Fig. 1. 1H static NMR spectra of 
NaBH4 (200.13 MHz).

Fig. 2. 1H and 11B T1 of NaBH4, (A) 11B T1

(64.207 MHz), (B) 1H T1 (19.65 MHz) and
(C) 1H T1 (200.13 MHz).
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NMR measurements of Brønsted acid sites on zeolites  
Natsuko Kojima and Shigenobu Hayashi 

Research Institute of Instrumentation Frontier, National institute of Advanced Industrial 
Science and Technology (AIST)  

Zeolites are solid acid catalysts widely used. OH groups on the zeolite surface work as 
Brøensted acid. We can study the acid strength and the amount of the acid sites by 1H MAS 
NMR measurements. However, it is difficult to get the spectra of the OH groups, because 
zeolites easily adsorb H2O in air. In the present work, we have tried to reduce the H2O content 
as low as possible and we have obtained 1H MAS NMR spectra of OH groups on several 
zeolites. 

1H NMR

1H MAS NMR
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Figure 2. 1H MAS NMR spectra of H-type 

ZSM5 and HBEA after heating under vacuum.

Figure 1. 1H MAS NMR spectra of H-type 

mordenites and HY after heating under 

vacuum. 
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Solid-state NMR study of physical properties of C60 molecule intercalated in 
graphite oxide 

Daisuke Kuwahara1, Daisuke Inoue2, Masaru Suzuki1, Toshikazu Nakamura3, Makoto 

Ishikawa4, Koji Miura4 

1,2 Univ. of Electro-Communications, 3 Institute for Molecular Science, 4 Aichi Univ. of Education 
 

Recently, Miura and co-workers have synthesized the novel nanocomposite consisting of a 
stacked single graphite oxide sheet and a C60 fullerene monolayer (GO-C60) [1]. GO-C60 
shows a ultralow friction. In C60 fullerene and its compounds, one of the interesting topics is 
the rotational dynamics. Furthermore, understanding of the rotational dynamics in those 
materials is of importance to elucidate the mechanism for ultralow friction. Solid-state 13C 
NMR experiments for the fullerene and some compounds have revealed this dynamics. Thus 
motivated, we carried out solid-state 13C NMR experiments for GO-C60. In addition, we tried 
to confirm the intercalation of C60 into graphite oxide sheets by using solid-state NMR 
techniques. 
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2.  2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Fig. 1 /C60 /

Figure 1. 
13C NMR spectra of static GO-C60 at 
different indicated temperatures. 

Figure 3. (a) Carboxyl carbon resonances of all 
13C enriched L-alanine measured (a) with  
pulses and (b) without pulses. 
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Figure 2. 
Homonuclear REDOR pulse sequence. 

－361－



NMR BN

Structures of surface-modified boron nitride nano-particles and bonding
states of organic molecules studied by high-resolution solid-state NMR

Hiroyuki Souma and Shigenobu Hayashi 
Research Institute of Instrumentation Frontier, National Institute of Advanced Industrial 
Science and Technology (AIST), Tsukuba, Japan. 

It is important that the surface of nano-particles is modified by chemical species having hign 
affinity with the matrix in order to disperse nano-particles uniformly in the matrix. We 
demonstrated previously that solid-state nuclear magnetic resonance (SSNMR) can detect the 
bonding between the surface of the titania nano-particles and the surface-modified reagent. 
And we proved previously that SSNMR is very useful to characterize the surface-modified 
nano-particles. In the present study, we have synthesized boron nitride (BN) nano-particles 
modified by propylphosphonic acid (PPA) and decylphosphonic acid (DPA), and have 
demonstrated that SSNMR can detect the bonding between the surface of the BN 
nano-particles and PPA or DPA.  

PPA DPA

[1]
BN

PPA DPA NMR
BN

BN

PPA DPA BN
PPA/BN DPA/BN 100 3

31P CPMAS NMR 11B MAS NMR 1H MAS NMR Bruker 
ASX400 31P 161.98MHz 11B 128.34MHz 1H 400.13MHz

NMR BN
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Figure 1. 31P CPMAS NMR spectra of a) PPA/BN 
nano-particles, b) crystalline PPA, c) DPA/BN 
nano-particles and d) crystalline DPA.

Bruker ASX200 11B 64.21MHz 1H 200.13MHz

PPA/BN DPA/BN 1H MAS NMR
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PPA DPA 31P
CPMAS NMR PPA/BN
PPA DPA/BN DPA 31P
CPMAS NMR Figure 1

a PPA/BN c DPA/BN 2
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[1] 48 NMR (2009)
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NMR VHxDy (x+y 0.8)

Study of phase structures in VHxDy (x+y 0.8) using solid-state NMR

You Suzuki, Shigenobu Hayashi
Research institute of instrumentation frontier, National institute of advanced industrial 
science and technology (AIST)

Vanadium (V) metal can absorb a large amount of hydrogen to the extent of a 
hydrogen-to-metal atomic ratio of 2. It is known that the phase diagrams for vanadium 
hydride and deuteride are much different. Especially the hydrides and deuterides in which the 
hydrogen or deuterium contents are in 0.7~1.0 have different vanadium sublattices. In our 
previous work, the VHxDy system (x+y 0.8) was studied by X ray diffraction, 1H NMR and 
2H NMR. And the hydrogen and deuterium diffusion were analyzed by spin-lattice relaxation 
time. In the present work, we have studied the phase structure in the VHxDy system (x+y 0.8)
at room temperature using 1H and 2H MAS NMR.

[ ]

(Fig. 1)
VHxDy x+y 0.8 X
NMR

VH0.84

(BCT) 6
VD0.81

(BCC) 4
VH0.4D0.4 BCC BCT

NMR

1H, 2H NMR

NMR, ,

Fig. 1 The phase diagrams of vanadium 
hydride (A) and deuteride (B)

(A)

(B)
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[ ]

1H 2H NMR Bruker ASX400 ( 1H 400.13 MHz, 2H 61.423
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Fig. 2. 1H MAS NMR spectra of VHxDy,
referenced to the signal of TMS. The MAS ratio 
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Fig. 3. 2H MAS NMR spectra of VHxDy,
referenced to the signal of TMS. The MAS 
ratio was 20 kHz.
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Solid state NMR study  
of proton conductors based on metal pyrophosphates 
Masakazu Nishida1, Koji Genzaki2, Haruhiko Fukaya1, Wataru Kanematsu1, and Takashi 
Hibino 2

1National Institute of Advanced Industrial Science and Technology (AIST), Chubu, Japan.  
2 Graduate School of Environmental Studies, Nagoya University, Nagoya, Japan. 

Protons and phosphates in metal prophosphates were analyzed by solid state NMR in order to 
investigate proton conduction in these materials. The results of solid state NMR analysis 
suggested that active species of the metal pyrophosphate were dependent on the 
hygroscopicity: there were different pathways for protons, depending dopant species and 
preparation procedure. In3+ and Al3+ doped tin pyrophosphates had an active P2O7 unit, which 
was easily absorbing moisture, while SnP2O7-SnO2 composite has an active PO4 unit, being 
less active for moisture. Furthermore, the P2O7 unit of Mg2+ doped tin pyrophosphate was 
restricted in bulk, resulting in less proton conductivity at ambient temperature. 

Fig. 1. Structure of doped tin  
pyrophoshate (blue: SnO6,
yellow: P2O7; red: dopant) 
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Fig.4. 31P DD/MAS NMR of 
tin pyrophosphates 
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In3+ (10 mol%) 
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Fig.5. 31P CP/MAS NMR of 
    tin pyrophosphates 
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Fig.2. 1H MAS NMR of 
Sn1-xMxP2O7 (M=In, Al, Mg)

24681012141618
ppm
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Fig.3. 1H MAS NMR of tin 
pyrophosphates 

24681012141618
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SnO2

Mg2+ (10 mol%, washed) 

Al3+ (5 mol%, washed) 

In3+ (10 mol%, washed) 

SnP2O7-SnO2
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Hydrothermal formation of tobermorite studied by solid-state 43Ca NMR
Mie Nayuki1, Yasuhiro Hashimoto1, Masamichi Tsunashima1, Jun Kikuma1,

Shinya Matsuno1, Masataka Tansho2, Tadashi Shimizu2, Kunio Matsui3

1Asahi kasei Corporation, 2National Institute forMaterial Science, 3Asahi kasei Construction 
Materials Corporation  

Tobermorite, a naturally present hydrated calcium silicate, is hydrothermally produced in 
industry. To clarify the synthetic pathway, we have been performed in-situ XRD under 
autoclaved condition. However, the information on the amorphous phase including a key 
intermediate, C-S-H, has yet to be extracted. Here, ex-situ NMR was carried out for the 
intermediates quenched at varied reaction time. In our attempt to comprehensively understand 
the pathway, natural abundance 43Ca solid-state NMR in addition to the conventional 29Si and 
27Al NMR spectroscopy was carried out. In this report, we will discuss the structure of the 
C-S-H and its conversion to tobermorite in terms of the CaO and SiO layer structure as well 
as the Al3+ incorporation.   

(5CaO 6SiO2 5H2O)

Fig.1

in-situ X
C-S-H

Al

CaO layer

CaO layer

SiO layer

Al substitution

Ca2+
Ca2+

Fig.1  Tobermorite structure.
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Fig.1  Tobermorite structure.
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Fig.2   Solid -state 43Ca NMR (16.4T) spectra
of a series of cement based materials.

CaO

Ca(OH)2

CaSO4 2H2O

hydrogarnet katoite

C-S-H gel

PPM
200 150 100 50 0 -50 -100 -150
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of a series of cement based materials.
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monitored by solid-state  NMR.
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92, 545-548 (2009) 

3) D. L. Bryce et al., J. Am. Chem. Soc. 
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ε-Keggin 95Mo NMR
◯飯島隆広 1, 西村勝之 1, 山瀬利博 2,3, 丹所正孝 4, 清水　禎 4

（分子研 1, 東工大 2, MOデバイス 3, 物材機構 4）

Solid state 95Mo NMR of ε-Keggin polyoxomolybdates
T. Iijima1, K. Nishimura1, T. Yamase2,3, M. Tansho4, T. Shimizu4

Institute for Molecular Science1, MO Device2, Tokyo Institute of Technology3, National

Institute for Materials Science3

We report solid state NMR of 95Mo NMR of ε-Keggin polyoxomolybdates. 95Mo

static NMR spectra for a diamagnetic crystal of [PMo12O36(OH)4 {La(H2O)2.75Cl1.25}4]·
27H2O were measured under moderate (9.4 T) and ultrahigh (21.8 T) magnetic fields to

clarify the localization of eight d1 electrons included in the {Mo12} core. The obtained

spectra could be simulated by superimposing two subspectra that arise from Mo(V) and

Mo(VI) with the ratio 2:1. NMR parameters were estimated by density functional theory

(DFT) calculation with a localized-electron model. From these results, it was found that

eight d1 electrons of Mo(V) are localized to form four Mo(V)-Mo(V) bonds.

【 】モリブデンには 0-6価の原子価状態があり、これまで溶液NMRでは全ての整数原
子価について 95Mo NMRの研究が報告されている [1]。特に、Mo(0), Mo(II), Mo(VI)は
配位化学や反応性の研究で広く用いられてきた。一方、固体NMRでは、I = 5/2の四極
子核である 95Moのスペクトルは、核四極相互作用により線幅が広がってしまうため、固
体 95Mo NMRによる研究は多くなかった。最近我々は、感度・分解能を向上させるため
強磁場マグネットを使用して、局在化または非局在化した d1電子を有する混合原子価モ
リブデン (V, VI)ポリ酸の固体 95Mo NMRを測定し、これまで観測例のなかったMo(V)

の固体 95Mo NMRスペクトルを報告した [2]。その中で、Mo(VI)サイトに比べMo(V)サ
イトの 95Mo化学シフトは大きくなること、また d1電子の局在性の違いにより化学シフ
ト異方性が大きく異なることを示した。

今回研究対象としたのは ε-Keggin型の {Mo12}をコアとする化合物 [PMo12O36(OH)4

{La(H2O)2.75Cl1.25}4] · 27H2O（以下 {Mo12}(La)）である。おおよその構造は、{Mo12}
が 4つの La(H2O)2.75Cl1.25でキャップされたものである [3]。構造式に小数が現れるのは
La(III)に配位したH2Oや Clが disorderしているためである。電位差滴定の結果による
と {Mo12}のMoは 8個のMo(V)と 4個のMo(VI)から成っており、Moも disorderして
いるのではないかとされているが、X線回折の結果からは一つのMoサイトしか報告され

95Mo, ポリ酸

○いいじま　たかひろ、にしむら　かつゆき、やませ　としひろ、たんしょ　まさたか、
しみず　ただし
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ておらず、構造の詳細（Mo(V)の d1電子の局在性）は分かっていない。
本研究では、強磁場マグネット等を用いた固体 95Mo NMR測定を行い、得られたス

ペクトルのシミュレーションや量子化学計算により {Mo12}(La)の構造を調べたので、結
果を発表する。

【 】9.4 Tでの 95Mo固体NMRはVarian Inova 400分光器を用い、共鳴周波数 26.060

MHzで測定した。21.8 Tでは JEOL ECA 930 分光器を利用し共鳴周波数 60.572 MHzで
95Mo固体NMR測定を行った。測定は静止サンプルに対しエコー法で行った。スペクト
ル・シミュレーションは自作のプログラムを用いて行った。NMRパラメータのDFT計算
は、VWN + BPの汎関数及び triple-ζレベルの Slater型基底関数を用い、ADF 2009.01

で行った。

【 】Figs. 1(i-a)および 1(ii-a)に
それぞれ、9.4, 21.8 T の磁場で測定した
{Mo12}(La)の 95Mo NMR staticスペクトル
を示す。両磁場とも、数千 ppmにわたるブ
ロードなスペクトルが得られた。Mo(V)の
d1 電子が分子全体に非局在化している場合
は、スペクトルは単一成分になるが、これら
のスペクトルをシミュレーションするには2成
分（Mo(V)とMo(VI)）が必要であった。Fig.

1(b)は、Fig. 1(c)と 1(d)を 2:1の強度比で
重ね合わせたシミュレーション・スペクトル
である。
一方、DFT計算においても、全てのモリ

ブデンが等価であるとする平均構造（X線に
よる構造）では計算が収束することはなかっ
た。そこで、d1 電子の局在化モデルとして
Mo-Mo の距離を可変（4つのMo(V)-Mo(V)

と 2つのMo(VI)-Mo(VI)）として計算を行っ

-500005000
υ / ppm

(i)

(a) Obs.

(b) Sim. 

(c) MoV

(d) MoVI

-300003000
υ / ppm

(ii)

Fig. 1: 95Mo MAS NMR spectra of
{Mo12}(La) under (i) 9.4 and (ii) 21.8 T.
(a) and (b) show the observed and simu-
lated spectra, respectively. (c) and (d) de-
note spectral components constituting the
spectrum in (b).

たところ、計算は収束しリーズナブルなNMRパラメータが得られた。以上のことから、
ε-{Mo12}コアの d1電子は局在化しており、Mo(V)-Mo(V)結合の形成に寄与していると
考えられる。

[1] M. Minelli, J.H. Enemark, R.T.C Brownlee. M.J. O’Connor, A.G. Webb, Coord.

Chem. Rev. 68, 169 (1985).

[2] T. Iijima, T. Yamase, M. Tanasho, T. Shimizu, K. Nishimura, Chem. Phys. Lett.

487, 232 (2010).

[3] P. Mialane, A. Dolbecq, L. Lisnard, A. Mallard, J. Marrot, F. Secheresse, Angew.

Chem. Int. Ed 41, 2398 (2002).
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Structural analysis of microbial poly(amino acid)s and their polymer blends 
by solid NMR 
Shiro Maeda1, Shingo Oumae1, Xiong Hui1, and Ko-Ki Kunimoto2 
1 Division of Applied Chemistry and Biotechnology, Graduate School of Engineering, 
University of Fukui, Japan and 2 Division of Material Engineering, Graduate School of 
Natural Science and Technology, Kanazawa University, Japan.  

Solid NMR measurements of poly ( -glutamic acid) ( -PGA), its sodium salt ( -PGA/Na) and 
poly ( -lysine), and their polymer blends were done. 13C spectrum of -PGA differs from that 
of -PGA/Na. C=O peak of -PGA and -PGA/Na were deconvoluted into three and two 
peaks, respectively. The miscibility of -PGA/PVA was investigated by measuring 1H 
spin-lattice relaxation times. There were unassigned peaks in CPMAS spectrum of -PL film 
cast from aqueous solution at 165ppm in 13C and 90ppm in 15N, respectively. These peaks are 
not observed in powder sample. We assigned these peaks to C=O and NH group of carbamic 
acid formed by reaction of the amino groups with gaseous CO2.  

 
3 ( - ) ( -PL)[1] ( -

) ( -PGA)[2] -PL L

streptomyces albulus -PGA

Bacillus
-PL -PGA

( - ) ( -PGA /Na)
NMR

 
-PL -PL

-PGA pH -PGA
-PGA/PVA

-PGA PVA

NMR Chemagnetics CMX
Infinity 300  
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Fig.4 13C CP/MAS NMR spectra of (a) -PGA,  
(b)-(f) -PGA/PVA, and (g)PVA. Molar unit ratio of 
-PGA/PVA are (b)2/1, (c)1/1, (d)1/2, (e)1/3, and (f)1/5. 

 
-PL -PL 13C Fig.1 15N Fig.2

13C 165ppm 15N 90ppm
CO2 NH2

(-NHCOOH) [3] 

-PGA -PGA 13C pH Fig.3 pH
-PGA pKa (=2.23) 180ppm

3 pH

IR  
50ppm C pH

pKa COO
C

 
-PGA/PVA -PGA/PVA 13C Fig.4

PVA 13C
3 3

T1
H T1

H  

[1] S. Maeda et al., Polym. Preprints.2008, 49, 730-731 
[2]S. Maeda et al., Polym. Preprints Jpn. 2008, 57, 3300, 2009, 58, 1162, 2010, 59, 1060 
[3]A. Dos et al., J. Phys. Chem. B, 2008, 112, 15604-15614 

200 150 100 50 0 PPM200 150 100 50 0 PPM

Fig.1 Solid state 13C NMR spectra of (a) -PL powder and 
(b) -PL cast film from aqueous solution. *:spinning side

350 300 250 200 150 100 50 0 -50PPM350 300 250 200 150 100 50 0 -50PPM  
Fig.2 Solid state 15N NMR spectra of (a) -PL powder and 
(b) -PL cast film from aqueous solution. 

(a) 

(b)

(a) 

(b) 

Fig.3 13C CP/MAS NMR spectra of -PGA film cast from 
aqueous solution at (a)pH7.1, (b)pH4.9, (c)pH3.3, (d)pH2.3, 
and (e)pH1.5 

* 

* 
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Solid-state NMR analysis of structure and composition of coal ash  
Xiongchao Lin1, Keiko Ideta2, Jin Miyawaki2, Isao Mochida3, Seong-Ho Yoon1,2,3

1 Interdisciplinary Graduate School of Engineering Sciences, Kyushu univ. ,2 Institute 
for Materials Chemistry and Engineering, Kyushu univ., 3 Research and Education 
Center of Carbon Resources, Kyushu univ.

Coal ashes usually become the cause of many troubles for a stable continuous operation in coal 
gasification process. Smooth tap-out of molting ash and slag from the gasifier is one of the most important 
tasks, which is sensitive to compositions and temperature of ash and slag. Correlation between structure and 
viscosity under various temperatures of the minerals was closely traced using 27Al-, 29Si-solid state NMR and 
XRD, etc. to interpret the transition behaviors and crystal structures of coal ash during gasification. Further, 
effects of Ca and Fe compositions, as are known as fluxing agents, on the structural changes of ash are also 
examined. 
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129Xe NMR
1 1 2 

1( ) 2  
 
Hyperpolarized 129Xe NMR of Xe in Catalysis Pores 

Mineyuki Hattori1, Takashi Hiraga1, and Shinichi Nakata2 
1 National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan. 
2 Engineering and Resources Science, Akita University, Akita, Japan. 
 
129Xe NMR techniques have been applied to probe porosity of mesoporous materials and the 
pore size is known to relate with the chemical shift. Since the Van der Waals radius of Xe is 
known to be 0.216 nm, the possible pore size to adsorb xenon should be larger than 0.4 nm in 
diameter. Then the mean pore diameters ranging from 0.4 to 300 nm are the possible target to 
show the relationship experimentally. We have developed an apparatus to produce the laser 
induced hyperpolarized (HP) Xe gas and tried to apply it to catalysis samples.  
 

Xe NMR
1

ms 1
Xe 129Xe NMR Xe

129Xe NMR

 
 

Xe NMR ( ) 3% Xe
[1]

Xe/N2 N2

Rb
Xe/N2 10mT

( 1%) 794.7nm 1
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 JRC-CEO-1 JRC-CEO-2 JRC-CEO-3 
Fe(%) 0.001  0.003  0.003  

m2/g  156.9 123.1 81.4 
nm  2.82 7.08 11.6 

 300 400  600  

 

 
129Xe ( ) FWHM  

NoTr: 200deg Ev:200 RT Ev:  
 

200
NMR

129Xe NMR 
 

 
 

[1]  2004-262668  
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Analysis of molecular orientation in polyfluorene films by solid-state NMR 

Masashi Fukuchi, Tatsuya Fukushima, Atsushi Goto, and Hironori Kaji 
Institute for Chemical Research, Kyoto University, Kyoto, Japan. 
 
  Poly (9,9-di-n-octyl-2,7-fluorene) (PFO), a prototypical fluorene-based conjugated polymer, 
is a highly-efficient blue-emitting polymer with potential applications of light-emitting diodes 
and electrically pumped organic lasers.  Recently, it has been reported that optical and 
electrical properties of organic amorphous films were related to molecular orientations 
relative to the substrates.  In this study, we characterize molecular orientations in amorphous 
thin films of PFO by solid-state NMR.  From chemical shift anisotropy (CSA) measurements, 
it is found that 11 signal is reduced and 33 signal is enhanced when the thin films are 
perpendicular to B0.  This indicates that the fluorene rings tend to be parallel to the substrates.  
The quantitative analysis will be shown in the presentation. 
 

 

[1,2]

EL poly 
(9,9'-di-n-octyl-2,7-fluorene) (PFO)

[3]

PFO NMR
 

 
 

1 13C ( 13C1-FIQ PFO )
( 20 1 m) 30

13C (CSA)
NMR Bruker AVANCE III 9.4 T

Fig. 1.  Chemical structure of 13C1-FIQ PFO. 
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13C
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[1] D. Yokoyama, A. Sakaguchi, M. Suzuki, C. Adachi, Org. Electron. 2009, 10, 127. 
[2] D. Yokoyama, A. Sakaguchi, M. Suzuki, C. Adachi, Appl. Phys. Lett. 2009, 95, 243303. 
[3] M. Redecker, M. Inbasekaran, E. P. Woo, D. D. C. Bradley, Appl. Phys. Lett. 1999, 74, 1400. 

Fig. 2.  The 13C CSA spectra of 13C1-FIQ PFO in 
BULK (a), in cast films arranged perpendicular to 
B0 (b), and in cast films set parallel to B0 (c). 

(a)

(b)

(c)
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Multinuclear Solid-state NMR for Coal Organic and Inorganic
Structure

Koji Kanehashi1, Takafumi Takahashi2j ,
1Advanced Technology Research Laboratories, Nippon Steel Corporation

Detailed studies on the inorganic matter as well as organic one in coal are very
important from the viewpoint of both geology (coalification and diagenesis) and
coal utilization. Solid-state NMR, a nuclide specific method, is well suited for the
analysis of chemical structure of coal, multicomponent systems. In this study, we
have applied to 1H, 13C, 15N (organic species) and 27Al, 29Si, 11B (inorganic
species) solid-state NMR to obtain information about organic and inorganic
phases in coal.

90 mass%
10 mass%

NMR
13C, 27Al, 29Si

15N 11B

NMR Table 1

NMR
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N 1 mass% B 0.01 mass%

A, B 1H 15N CP/MAS Fig. 1

A B
B

B

CP/MAS N H

C 11B MAS Fig. 2 0 20 ppm 3

2 3 B 3
4

2
4 B

1H 11B CP/MAS
OH B

Pyridine Quinoline Pyrrole Indole Calbazole
Table 1   NMR parameters for coal samples.

Coal A

15N chemical shift / ppm

0100 -100 -200 -300 -400 -500

Coal B

11B chemical shift / ppm

50 40 30 20 10 0 -10 -20 -30 -40

Coal C

Fig. 1   1H 15N CP/MAS spectra for coal A and B. Fig. 2   11B MAS spectra for coal C.

11B chemical shift / ppm

－381－



1H NMR MAS
CRAMPSCRAMPS
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2

Comparison of spectral resolution between high-speed MAS and
CRAMPS in 1H solid-state NMR for inorganic compounds

Tatsuya Nishiura1, Koji Kanehashi2

1Mishima Kosan Co., Ltd.
2Advanced Technology Research Laboratories, Nippon Steel Corporation

In recent years, Magic angle spinning at very fast spinning frequency, “fast
MAS”, has been utilized to obtain high resolution 1H NMR spectra for solids as
well as CRAMPS. Fast MAS has some advantages over CRAMPS, e.g. easy to
implement and more reliable in the chemical shift. Whereas MAS with the
spinning rate up to 60 kHz provides still insufficient spectral resolution compares
with CRAMPS for 1H abundant compounds such as organic polymer, it is
promising for inorganic solids with lower concentration of 1H, causing the smaller
dipolar interaction. In this study, we have applied high-speed MAS and CRAMPS
to inorganic solids to compare spectral resolution.

1H NMR CRAMPS 1H

1 2 3

60 kH60 kHz
1H NMR

1H 60 kHz
1H CRAMPS

CRAMPS 1H NMRCRAMPS 1H NMR
CRAMPS

MAS

MAS CRAMPS
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1H CRAMPS NMR CMX-300 7.0 T BR24
90 1.3 s 1500 Hz

1.5 ppm MAS INOVA-500 11.7 T
10 60 kHz

1.91 ppm
MAS Fig. 1 Silicic

acid MAS
Kaolin Al2Si2O5(OH)4 H3BO3

H3BO3

MAS
1) Silicic acid Kaolin H3BO3

< 1 mass% 1.6 mass% 4.9 mass%
1H MAS

H3BO3 MAS

MAS 60 kHz MAS BR24
CRAMPS Fig. 2 Kaolin

MAS
OH

H3BO3 CRAMPS
Fig. 1 60

kHz MAS 1H

60 kHz
MAS CRAMPSMAS CRAMPS

1H NMR

2500

3000

3500

4000

4500

H
M

 / 
H

z

H3BO3

Kaolin

Fig. 1 Dependence of line width on rotor 
period for some inorganic compounds 
i 1H MAS

Fig. 2 1H solid-state NMR spectra for kaolin (a) and 
H3BO3 (b). Top: CRAMPS spectra, bottom: 
MAS ( 60 kH )

0

500

1000

1500

2000F
W

H

Rotor Period / s
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Silicic acid

in 1H MAS spectra.

1) J. P. Yesinowski, H. Eckert, G. R. Rossman, JACS, 110 (1988) 1367.

MAS spectra ( r=60 kHz).
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Characterization of chemical species for trace amounts of fluorine using a fluorine-less NMR 
probe 

Takafumi Takahashi1, Koji Kanehashi1, Takahiro Nemoto2 
1Advanced Technology Research Laboratories, Nippon Steel Corporation 2JEOL 

Fluorine is one of the elements whose environmental risks have been frequently discussed. Trace 
amounts of fluorine in by-products of steel-making industry make it difficult to characterize its 
chemical species. To improve the quality of 19F-NMR spectra, a fluorine-less NMR probe has been 
developed by substituting a module and a variable condenser with non-fluorine ceramics. As a result, a 
19F MAS NMR spectrum of synthetic products with fluorine content < 1mass% can be obtained 
without applying a depth pulse. In addition, new analytical techniques such as 19F{27Al} TRAPDOR 
and 31P{19F} CPMAS have been employed. In a 19F{27Al}TRAPDOR spectrum, the fluorine atoms 
bonding with aluminum ones are selectively observed. On the other hand, in a 31P{19F}CPMAS NMR 
spectrum, the fluorine atoms occurring close to phosphorous ones are selectively observed. The 
combination of these analytical techniques allows us to characterize the chemical species of trace 
amounts of fluorine.   
 

F

1mass% F NMR
NMR

F BG
Al-F Si-F F 19F-MAS

Ca-F F
F BG

F-Al 19F{27Al}TRAPDOR P-F
31P{19F}CPMAS

F  
 

NMR JEOL-ECA700(16.4T) 27Al-19F
3.2mm 31P-19F (4mm)  
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19F-MAS NMR 20kHz 18°
0.7 s 5s 

19F{27Al}TRAPDOR [1] 27Al-19F
Fig.1

18kHz t1
31P{19F}CPMAS 10kHz

contact time 0.2ms  
 

Fig.2

200ppm

Ca(OH)2-Al2O3-SiO2 CaF2-Na3AlF6-Ca5(PO4)3F(FAP=fluorapatite)
19F{27Al}TRAPDOR Fig.3

Al-F Na3AlF6

F (F 0.7mass%) F
1mass depth [2]

19F-NMR F
FAP 31P-MAS

31P-MAS FAP
FAP

31P{19F}CPMAS FAP
19F-NMR FAP

 
 

Cory&Ritchey, J.Magn.Reson. (1988) 80 128, 2Grey&Vega, J. Am.Chem. Soc. (1995) 117 8232

 
Fig. 1. Comparison of fluorine background s
before and after improvement of a N. 

 
Fig.2. Comparison of fluorine background signal
before and after improvement of a NMR probe. 

 
Fig.3. Plots of 19F-MAS and 19F{27Al}TRAPDOR spectra.  
The symbol * indicates spinning side bands. 

TRAPDOR 

MAS 

Before 

After 

Na3AlF6 

CaF2 
Ca5(PO4)3F 

Fig.1 19F{27Al} TRAPDOR pulse sequence. 
The time t1 is rotor-synchronized. R indicates 
spinning frequency.  

t1= 1/ R 
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LED
NMR

Structural Analysis of LED Package by Solid-State NMR Using Micro 
probe

Hiroyuki Ishida1, Riko Miyoshi1, Yuko Miwa1, Katsuya Hioka2, and Tetsuo Asakura3

1 Toray Research Center, Inc., Shiga, Japan.  
2 JEOL Ltd., Tokyo, Japan. 
3 Department of Biotechnology, Tokyo University of Agriculture and Technology, Tokyo, Japan. 

It has been very difficult to analyze the materials in electronics field by solid-state NMR 
because of the lack of sample volume.  Recently, micro probe makes it possible to observe a 
small amount of samples.  As a result of the analyses for the LED encapsulation resin or 
LED phosphor, some cross-linking structures were made in degraded LED encapsulation 
resin, and it was supposed change of valence state of Ce in degraded LED phosphor.  
Furthermore, oxidation or defection of Ce from the crystalline was suggested in degraded 
LED phosphor.  

LED

LED
LED

LED

NMR mg

0.5 1mg LED
LDE

Fig. 1 Photographs of microprobe and sample tube. 
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LED 9V
9V

NMR Bruker Avance400 JEOL Fig.1
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1mm 7.4mm 0.8 L Fig.1
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27Al, 79Br

Fig.2 LED
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Fig.2 13C DD/MAS spectra of encapsulation 
resin in LED (a) before degradation and (b) 
after degradation. 
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Fig.3 27Al MAS spectra of phosphor in LED (a) 
before, or (b) after degradation, and (c) YAG
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Characterizations of the Oriented Materials by NMR Techniques 
○Hiroaki Yoshimizu1, Masahiro Okazawa1, Yuki Okumura1, Toshihito Karakasa1

1Graduate School of Engineering, Nagoya Institute of Technology, Nagoya, Japan.  

It was already confirmed that the layered structure of the liquid crystalline aromatic polyester 
with n-alkyl (C14) side chain (B-C14) could be easily oriented by magnetic field.   In this 
study, the magnetically oriented layered structure of B-C14 was characterized by 13C
CP/static NMR. The sample of B-C14 which was prepared by quenching to room 
temperature (RT) from 160 °C in the isotropic liquid state was used as non-oriented and 
starting samples for the magnetic orientation under magnetic field of 9.4 T.   As a result, the 
best temperature condition was determined 130 °C on heating from room temperature, and 
70 °C on cooling from 160 °C. Furthermore, to clarify the gas transport properties of 
polymeric crystalline structure, poly(4-methyl-1-pentene) (PMP) membranes were drawn and 
investigated the oriented structure. 
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 Figure 1
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Fig. 1  13C CP/static NMR spectra of B-C14 at 

room temperature; (left) c axis is parallel 
to B0 (right) c axis is perpendicular to B0. 
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