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®Na-MQMAS NMR Studies on Na ion complexes of Polymers
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Solid-state 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 d.s and the quadrupole coupling product P, to
be 0 ~-1 ppm and 1.6 ~ 2.1 MHz, respectively.
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Analysis of ionic mobility in the porous separator for Li ion battery
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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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°Li/'Li MAS NMR studies on LiCoO;,
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SLi/’Li solid-state magic-angle spinning (MAS) NMR has been employed to study
microscopic local structure of LiCoO,, which is one of the most widely used cathode
materials in lithium ion batteries. The °Li/’'Li 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 o-NaFeO, lattice structure. 'Li-'Li 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 7 measurement allow us to assign the minor peaks and local structures of these minor
Li sites near the paramagnetic center is discussed.
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Fig. 2 'Li-'Li 2D exchange MAS spectrum
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Magnetization

Fig. 3 Recovery curves of °Li signal intensities
of LiCoO, observed at 14 T with the MAS
frequency of ca. 14 kHz.
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Ion dynamics in alkali borohydrides

OKeiko 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 NaBH, and lithium aluminum hydride LiAlH, 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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NMR measurements of Bronsted acid sites on zeolites
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Zeolites are solid acid catalysts widely used. OH groups on the zeolite surface work as
Breensted acid. We can study the acid strength and the amount of the acid sites by 'H MAS
NMR measurements. However, it is difficult to get the spectra of the OH groups, because
zeolites easily adsorb H,O in air. In the present work, we have tried to reduce the H,O content
as low as possible and we have obtained '"H MAS NMR spectra of OH groups on several
zeolites.
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fEE L72Si-0H———0-Si. 5 ppmlZ 7 L > 27 v REEASi-OH-ALICIRE &5,

F7-. FEEAT A Fo¥Si, YAl MAS NMRA X7 RV ZBHI L7, “Si MAS NMR
AT NVINHITEROSI/ALLLEREH L. T2 B4ARMNIOALE, T772bb, 7L
ATy REEE RS 572, YAl MAS NMR A2 kL CIFARAL 38 L OBEAL DAL
BN LU ARSI OAM ENDL T LU ATy RiREZ RS o 72, 215 OFE R & 'HMAS
NRA T RN LNTAERZ R L CEBN B R 2T 72,

Figure 2. 'H MAS NMR spectra of H-type
ZSM5 and HBEA after heating under vacuum.
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Solid-state NMR study of physical properties of C¢) molecule intercalated in
graphite oxide

ODaisuke Kuwahara', Daisuke Inouez, Masaru Suzuki', Toshikazu Nakamura®, Makoto
Ishikawa®, Koji Miura*

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 Cg fullerene monolayer (GO-Cgp) [1]. GO-Cqp
shows a ultralow friction. In Ceo 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 Bc
NMR experiments for the fullerene and some compounds have revealed this dynamics. Thus
motivated, we carried out solid-state BC NMR experiments for GO-Cgp. In addition, we tried
to confirm the intercalation of Cgy into graphite oxide sheets by using solid-state NMR
techniques.

1. &5

BT, ZHOIEEEIE L= 77 74 FORBMICCoEE A LTZRE (7777 = /Cqh
W 7 7z ) ORRICEE L, @IREEE 2D 2 2oLz [1]. 2
O [EBIKEE] OAD=ALE LT, WEbLZZ77 74 FOERNIZH 5HCoD
EERREENEIR L TV D EB X BTN D, HfE T CeolLE IR TIEIE A M 72 [lixEE)
L TWAIZERHMBILTWAEMN, VT 7 2 /CelJBIE/ 7T 7 = - D Cyar D
BEPREEOFEHII E LA LIS TR, I TARIMETIE, 77 7 =2 /CepH
J@iF/ 7T 7 = v D Ce iy DIEENRBEIC OV CTHI R A G D720, 77 7 = /Cg
IR/ 7 F 7 v DCooy T DWINERIE 24T o 72, Ffamas Tk C NMREIE Dk
FBAPLICHET S, AFETIEE ST, CoNV T 7 =V EBRICEASA TS Z
L&, EAENMRO FEEZ AW THGRT HZ L a2{To72.

75—y, I 774 b, BIKERE

O<biEL ZVWFF . »wodrx K0T, 779& £&5.arteb & LT,
WL £Z& 2956 ZHLU
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2. ERFER
Fig. 1 IC7 7 7 =V /CeoHJ@INE/ 7T 7 = v

DPC NMRAZ LR Lz, 10KIZH PCNMR

] L =13.809 M
THCo FOILS Y 7 FRFHICEET A 73800 Mt
BIETS X2 200ppm®D ALY BV B E AU e M WK

7o, ZHUFCeoor T DOIEEN A SN TWDH Z \
EEBEWT D, —J7, TOKLLEOEER TIX
10K TD AT MU, 144ppmfHiTic v
— 7 RO LD RPUNART MBS

Fo. Z OBBRBN AT FECN FOEME | M 0K

BN kT 5 b DO TH S, 120KEL O E /N

BCIE AR PR OZEALITRIE O 5 fifhe / ™ e

OFPANTIEIL SR FE72 190-300K D [y i i
400 200 0 =200

JEBE T O BC NMR 2227 b L R OMiERE Fr 2R
TVNZ LV, Ceoly 1% 190-300K DI I Clx
TEERRRBIC R X 228 ki3 <, MBI L
T 10psecA— ¥ —DEFHEERZIT> T\ D Z
EDRH BN ST

Frequency Shift (ppm )

Figure 1.
BC NMR spectra of static GO-Cg at
different indicated temperatures.

3. CooDE ADRRE

CooNT 77 = VIBRICE ASN TS Z &3, MRXOEITT — X #4252 &
WZE - TTTITHALNICR S TWD [1]. AL TIZR L 258 F B, EANMROF
BEEAWDZLIZE s TZOERERMSER ( [CoDE A ) ZMRGEET 2 Z LI LT,
BARMICIE, CooNT T 7= f@eF ) LUV THEE L TIEELTWA Z E 2L

2T 572012, BC-"CEIOREDORER Z1T- 7.~ OEIFEZEOREDOR EBRIZIT,
BINFIRF/ L R B~ 728 LV TREDOR/V AR 24 Lz (Fig.2) .
Ty (rotatiornal - Ty ;
period): !
e : | (b)
: 4F1
B (o) frequency
selective
pulse {grey) V‘M’E'%\)/’WWMAWNWW
“C (graphite) | | | | |
300 250 200 150ppm 100
Figure 2.
Figure 3. (a) Carboxyl carbon resonances of all

Homonuclear REDOR pulse sequence.
P d C enriched L-alanine measured (a) with 7

Fig.3 121%, T A ¥ 7L all Be pulses and (b) without = pulses.
enriched L-alanine Z i > 7= T FEBROKEREZ R LIz, KBTI, 777 = /C0HE
W&/ 75 7 = fio o TR R %, ColihzfiolftREADETHETS.

[1] N. Sasaki and K. Miura, Jpn. J. Appl. Phys. 43, 4486 (2004).
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Structures of surface-modified boron nitride nano-particles and bonding
states of organic molecules studied by high-resolution solid-state NMR
OHiroyuki 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.

[

F kit E~ N v 7 AFIZE) I ST 570, ~ Y v 7 R LFEEED
EVMELFRE T R R AEMNT A 2 ENEETHY . TOEEEMHILT kit
FKHEIcx L, EHEESTHREICHES LTV ALERS S, HxIZINET, FE=T
F KT e VIR AR U (PPA) 0T VLR AR UM (DPA)  THBEESR L
oA 7Yy FiBI 2R L, F4 =7 F /R £ DO HERES 1 OfE AR EE % [EIA
NMRYE CERR LT & 72[1],

INETOMEICH XX, AR TIRE(AR T FET /R~ (BNT /RiF) DK
%ZPPA &L DPACHIEEH U= AR 1 7V » B2 %L L | [E{ANMR % UV C
BN/ K- RKEa S A LA T OB EREEZHLMNCTH 2 &, = L CHRA]
BOBNT R OBEEOFEBEFTRDLZ L AN E Lz,

[z8x]

FHEAA] & L CPPA.DPAZ VW BNTF /K- L DA TV v REREHEFHRLL 72,
PPA/BNJ/ i+, DPA/BN T/ Ki {412, A A L/ NZAHFTL00CIZONE L, 3 H RfEE:
ST S, FEHCBIT 2T iR D U CRIEOREAIRIE & 2 OREE I,
3'p CPMAS NMR. "B MAS NMR. 'H MAS NMRIZ L Y #~7-, HIEIZIE. Bruker
ASX40043 :3F (ALnsfE % P : 161.98MHz, ''B : 128.34MHz. 'H : 400.13MHz)

[E{ANMR, BN /i, IS

Ot2F VAHWE, FXL LiITos
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3 £ UBruker ASX200%7 3t (L fE % "B : 64.21MHz, 'H : 200.13MHz) % F\>
77

[FER - &%)

%12, FH%L L 72=PPA/BN T/ Ki - & DPA/BNT / ki D'H MAS NMRIHIE & B2 6
FNENOFREDNPPAR L UDPATHMEM SN TS Z & 2R LTz,

BT, FOEEEHFIPPAL L ODPADFEASIRIEZ B e T 5 7=0ic, *'P
CPMAS NMR A7 RV AEHIE LT, 8 L72PPA/BNT / ki1 & Z OFHFEIZH W
PPA. ¥ X OH#L L 7-DPA/BN T / ki T & % DLz IV 72DPAD Z L F i D>'p
CPMAS NMR A7 kL% Figure LIZ/RT, ZOH T, AHEEE A7V v N2
~Z7 k)b (a: PPA/BNT /KiF. ¢ : DPA/BNT /Ki¥) Tik, 2200 7 F V0 HER
iz, THU, BNT R E BRRIEMFINFES L2 E 2B LTS, £ LT,
BN/ K f-H D7k w7 F R 11 H
ALEGALERRTICHEAL
A TR VEREEE P O BREE
DEALT HDT, 7 FIVR2R
W LT mTREME DS @V, Fox 1
INEWALNTT H728, PPAL
DPA%* R UMEE N =F LY
T CEES S SRR A
ER% L. *'P CPMAS NMR % &
L7z, ZLTENLDOFREID A
7 M ELNTALFEY T b
EZZE L. 5 EOFFEIEH A

aW\J/\/K\/W
J
Ty KREOAE LT 7 F
(&7
J

JNZHDOWTHELE LTz, £ DORER,
BRI M D TN ER T #E
JRF 1245 A L 72PPAR X O'DPA
DY UEEFETH | AREREEA o
T FNVRERIETFICHESG LT
U BRI TH D FREEN E &
WO FEIRICE -~ T2,
EbicH~ix, "B MAS NMR
DOREEIT T2, TORERMND,
FHRFTOBNT /b1 & AR
50 40 30 20 10 o HAAT7Y y FREHTH T 5
ppm v & JE B O E AL o B
TR L7,
Figure 1. *'P CPMAS NMR spectra of a) PPA/BN ~ NPFIEIE, NEDOHEAA 7Y >
nano-particles, b) crystalline PPA, c¢) DPA/BN Fﬁijﬂ&m%ﬁ%\éj RY =7 hO
XEEZIT ATt D TH
Ry

nano-particles and d) crystalline DPA.

(SIHSCHR] (1] MBEZ, TR, WG, F48EINMRFFRZ (2009).
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Study of phase structures in VH.D, (x+)=0.8) using solid-state NMR

OYou 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 VH,D, system (x+)=0.8) was studied by X ray diffraction, 'H NMR and
“H 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 VH,D, system (x+)=0.8)
at room temperature using 'H and ’H MAS NMR.

(]

(A) o

- 1 (K]

[FF] AT 20 AERITKEN A LG L& R
ER KT Z TR T 5, KFE & FEARFEL 00] | ;::
WTIER S RE S BB S e nmbhTwS T oo
(Fig. 1). THETICKE EHKEDRG N A% M s e S et
)G S 72 VHLD, T x+y=0.8 O & O1E X #ElHr g T e
REKIEE NMR & WA T 572, 20 a Lo b
%%\ VH0A84 VGM:/\_)“‘/ ]7 Aci{ﬁ't‘ﬂiﬁ*ﬁ% 2'.'-03 I:I.E: : i
(BCD % & W KFEIL 6 BNLY A MRS D HER
R VD51 TIIARNT 7 BTIRLNE TR (B) ?W (K1
(BCC)fZ L VEKEIT 4 BV A MBS 150 - . -
% Z k. VHyaDos Tl BCC & BCT D& & 72 wol TN o
LR LMNC T, F. AVY - KT C [ERE R NI o
R I OIREE 2L 2 & K FERLE K FE DYz ¥ s ': ==‘1"’* =
EZOWT LT &2 T o7, LovL, EiRES - i U £
fERE NMR 2 V7o BF PRI £ 7297 > Ty, R N e
AWFFETIX, EAE EBKEDOREGHN RS = -~ 4
NF DT LKFDITEB T HHEEEIZONT BARE
'H, *H [E A E5fERE NMR 2227 bV Z2HIE L Fig. 1 The phase diagrams of vanadium
T~z hydride (A) and deuteride (B)

[EAEKSE NMR, @JEKF, T U0 LKFEEY
OF 9 &9, 1IL LiFns
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[F2BR] REHINTFT VT ABBOMEKEKFEN A L EKRFETADRE T A % K SH
THK LTz, KEBIOEKZOGHERITWE SNIRA T ADERENHIRE LT,
'H 3 X OV H NMR OI7E (2 1% Bruker ASX400 (F:0EJE 3% "H 400.13 MHz, *H 61.423
MHz) % 7=, 'H,2HNMR 227 hVOBIEE, #HEE24ME 25 mm oo ra=7
n—4Z—|ZFEL, vV v 7 AlElfE (MAS)% 12~20 kHz TTo 7=, B@HE D v 7R
NVAETHEZIT -T2,

[fif 8 & £%%] Fig. 212'H MAS NMR 2 %7 |

%79, Knight Shiftod 28k & HliE D23 W
B S 7=, Knight Shifto &L LCTHWS w
x=0.6, y=0.

NHBEOT 1 kU AITMSHEHETHI30.5 ppm T
&V . Knight ShiftiX & D H ATV D, x=0.4,y=04
F 72, Knight Shiftidx=0, y=0.81DFE} 2 R 02 v

TxDOHINTE B ARVKE L o TV, F7-, Hmiim::wiwﬁt:tmiwwmw
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ZERTE LI ENG, RPTHILAROWIR [y 5 1 MAS NMR spectra of VH,D,.
YA PBRRILD FAA Vj%iﬂéﬁﬁﬁj—éﬂﬁg referenced to the signal of TMS. The MAS ratio
PR 2%, B— 27 OFIEIZxDOEEINT & & 72
BN L7=, Zhid, xoEIc & b2 nWH-"H
M OG- A EAEH R RL I o Totzd &5 %
s, Fio, FEAREY TIEIEHEHE OB A MR S v, JEHGESIC
X o TR - B F EAER DL STV DTk L, xD388 2 5 IZHEVWERL
HE DOBEWOEINLY A MW S D KBS 27272 O AR~ - PU7-FA BAEH D
PUERFR Z 0 IZ K o= RE L EZ BN 5,

Fig. 312%H MAS NMR 2<% L& 73, 'H
MAS NMR A7 kb & [AfkIZKnight Shiftd

ZEf L OB S, B Knight yopr S S
Shiftd fi 1 b FARICH DO 7 1 AR AD

FHETHY  xOHEIME bARVKEL ooT ;ﬂiﬁig//A\\‘\‘gv
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BEICx ORI & b 22 VBN L7, = qug'a De 3 T MAS NMR spectra of VELD,,

MAS NMR & [FEEICx D BEAIIC & & 72l VH2H referenced to the signal of TMS. The MAS
WO TAR AR A< Ao oo gz O 20K

HHLD, k1o, MEHGHIE O GRS TR, HHGEEIC
X 2881 - PR HH BAE R DU 7+ AAEH OSFEEME A Z 0 12 < < 72> 7= 7 RE
MHHLEZHND,
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peaks
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Solid state NMR study

of proton conductors based on metal pyrophosphates

Masakazu Nishida', Koji Genzaki®, Haruhiko Fukayal, Wataru Kanematsu', and Takashi
Hibino*

National Institute of Advanced Industrial Science and Technology (AIST), Chubu, Japan.
? 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. In*" and AI** doped tin pyrophosphates had an active P,O7 unit, which
was easily absorbing moisture, while SnP,07-SnO, composite has an active PO4 unit, being
less active for moisture. Furthermore, the PO unit of Mg2+ doped tin pyrophosphate was
restricted in bulk, resulting in less proton conductivity at ambient temperature.

1. fE=E

HRIR N DIEEA S B 27 B N E BRI, = o0 R Al
BECIRELEE ML LU CO GBS IS TOD AN, 4R,
FUp—BNARNT4F 2L —R(PM) B ELTOISHIZD
WTHIER SN TV, AEFFETIE, Erl R 7 mh i
BRELC, Eal g2 X (SnP,0,) Z KR i 7 F 4>
(M=In, Al, M) Ci&#iL7=R—7'rl AR Sn, M, P,0,
e O*CarbonZ FH15¢ L7 B (475 83 9% SnP,0,~Sn0,=
LRy MR GEL T, BENVREIIC X0 Repo7 a1 Simcture of dped tn
BV O¥BEWABNCL, Fab HEICRDOIFIER Ly 057 i dopant
(ZOWTOMAZFLEE AIET D,

2. BT

T ab A8 E RSt M P,0,(M=In, Al, Mg)lZ, FHRIEEA21nmD SnO,DEMRL -y R IZ
85%PDH,PO,, FFER— b, A4 LA IKEZNZIUNZ ., 300°C THRFEL TAZY—IRIC
L7212, 225, 650°C CT2.5WRF [ [ A SIS Z2ATH 28 THyTZ, 2O, R— 30 heL Tk
In,0,, AI(OH);, Mg(OH),72E DLWk ka8 L7z, SnP,0,~SnO,=1> 7Ry ME
8 wt% CarbonZA4H{FL 72SnP,0,~SnO, LR A 4600°C TV FRALEE 3 22 L2 IV 15Tz,

Metal pyrophosphate, 'H MAS NMR, *'P MAS NMR

OIZLIEESI T, TASEIOL, SRIFID0Z, 1RESDID, OUDNL
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3. FROFERBLOE L
RNz, SRR | B L 72Sn, M, P,0,(M=In, Al, Mg) Mg (10 mol%)
® 'H MAS NMROBIEZFT 7=, T Dt R%Fig. 212777,
W ILOFERS 10~ 13ppm T IZiR O E — 72 R L7223, In*" (10 mol%)
VERALERRTOSnO DN T Sppm T 12 35 K2 He-5<55
WE =B R LT=D I Tholz, Fio. R—7FOUICID
v — 27 DAt 7 MEnon-dope > AP > In* > Mg* DIEIZ &
W 7 L Cuiz, A RIEEIT 5 7-Mg* K —7" LISt D
Sny M PO T 720N i <, Wi L7z KIZ K> T —2 non-dope
IS 7 R L REEBHEIIIL Tz,
I, KT NEATHZE TR ED R A REL, ' HMAS — 7 7
NMROBIEZEAT 72, Fig IR LI AR IC k7 rp 18 10 14121008 6 e 2
D=7 E S 7 R, non—dope, In*, A" R—7FT Fig.2. '"H MAS NMR of
1Z9ppm AT, Mg? T8 3ppmic ' — 7 vEiggsng-, —F7,  StaMiP207 (M=In, Al, Mg)
SnP,0,~Sn0,2 R R Tk, KEENL TOZRWERENTEH
7.6ppmé LB ARG I — 7 3L AL, KICKDERESH Me?" (10 mol%Was
5557250, MP,O A § 2RIBMED 7y FRUIFZ AL T .

RNEE X DT, 2 (2 moltwe
INHOTa N ABEROASVIEREEOMES PP MAS
NMRTCELIZHIZR L T2, Fig. 41T X912, A EIHIEETT-
72Sn,_ M P,0,®*P DD/MAS NMR i, OppmfJ 4T DPO,D non-dope d)

REI L~ 15ppm & -38ppm UL D 2FEIHDP,O, DFEK IC ™ —2 JL
DRI NIz, F7-. Fig. 51389512, #P CP/MAS NMR SnP,0,-Sn0,
IZRWTIE, Mg¥ R —7"D % 3-38ppm it T iz — 27 238 $10,
703, LS Onon, In*', AR —7"Tli-12ppmfHiTicy —mm——m—m——————
YT —IRNB T, — 5, SnP,0,~Sn0,=> 7Ry 18 16 14 12 10 8 6 z}x)pmz
y%fci\ DD/MAS“C“\G‘ng“l\‘\T‘f&ﬁEJ:ﬁ \Z-38ppm I it Fig3. 'H MAS NMR of tin
I 7 a— R — 7 N8 7=05, CP/MASTIX0ppm AT iric pyrophosphates
NN e —T e — B R LT,
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A’" (5 mol%,was

‘f

SnP,0,-Sn0,=1 R h T
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Hydrothermal formation of tobermorite studied by solid-state *Ca NMR
OMie Nayuki', Yasuhiro Hashimoto', Masamichi Tsunashima', Jun Kikuma',

Shinya Matsuno', Masataka Tansho®, Tadashi Shimizu®, Kunio Matsui’

! Asahi kasei Corporation, *National Institute forMaterial Science, *Asahi 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-sitfu 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 **Ca solid-state NMR in addition to the conventional *’Si and
?’Al 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 AI** incorporation.

1. HEY
TABRTINT T DK DOONEDTHD FNET lAI substltutlon
A (5Ca0 - 6Si0; * SH0)ix, A— 7 1/%7“%$ e ST ST
THUE SN DBEMEIO TS TH Y . TEMIC SiO layer ‘Pg‘b
<] <] »4‘

Ca0O Iayer

BRI TH 5 (Fig.l), DI D
SHETIE FSET A R OB A D =R MEH O | Ca0 layer
7o, TOY; (in-sitn) XBRET AT > 72, Fig.1 Tobermorite structure.

AR, FESVEA (C-S-H) B XK & L TR E

T5H AL MNET A MERICKREREEL G X TWDLZERHLMNITR - TE,
Al 21X, Fidh/ FERICE D b THREEE @S G5 E AR NMR 2 v, XfRE

PFrCITFERBIGFEONR VIR EFRDOMAAEGD Z & 2 T,

2. Eh

AR (Ca0) . EfP (Si02). v 7427 (ARO3) %K ERE L THELE%. 4
— 7 L= N THNE LS SE72REBHZ W T, FUNRT OER ST 7)) 7
2170, YAl PSiEAENMRBIE I 2 . PCaE ANMREIE 217 - 72,

N T INA Fas ) ir—T, RAETA b, ®CaNMR

ORPEHZ ANILE LERTOA, DR LFEFFEIAL, E<FEFLWA, FODLAR,
FALZESEN, LATEEEL, o<k
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1) K. Shimoda et al., J. Magn. Reson. 186,
156-159 (2007)

2) G M. Bowers et al., J. Am. Ceram. Soc.
92, 545-548 (2009)

3) D. L. Bryce et al., J. Am. Chem. Soc.
130, 9282-9292 (2008)

4) D.Laurencin et al, Magn. Reson. Chem.
46, 347-350 (2008)
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Fig.2 Solid -state ¥*Ca NMR (16.4T) spectra
of a series of cement based materials.
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Fig.3 Hydrothermal formation of tobermorite
monitored by solid-state NMR.
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Solid state Mo NMR of e-Keggin polyoxomolybdates
T. Lijima', K. Nishimura®, T. Yamase®?3, M. Tansho?, T. Shimizu*
Institute for Molecular Science, MO Device?, Tokyo Institute of Technology®, National

Institute for Materials Science®

We report solid state NMR of Mo NMR of e-Keggin polyoxomolybdates. %Mo
static NMR spectra for a diamagnetic crystal of [PMo12036(OH)4 {La(H20)2.75Cly 25 }4]-
27H,0 were measured under moderate (9.4 T) and ultrahigh (21.8 T) magnetic fields to
clarify the localization of eight d! electrons included in the {Mojs} 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 d! electrons of Mo(V) are localized to form four Mo(V)-Mo(V) bonds.

(#&E] €Y 77 VICiF 0-6 i DS FliikAEN D D . TN E THARR NMR Tld 2 TOREH
FAMIZDUWT %Mo NMR OWFFEA G TN TS [1], KT, Mo(0), Mo(II), Mo(VI) &
B 2R SO EDIMZE CILS BN T E 2, —/, [EANMR Tld, I =5/2 DIk
THTH % PMo DAY FUIE, BPIRHHEAERIC K D BURDNEN > TLX S 728,
A 9%Mo NMRIC K B 128132 b > Tee molifi4id. &E - ez LEX8 5729
SR~ 7 %oy MR LT, RECERIZIERER L A B2 E T 2R it
U772 (V, VI) RV BOEA Mo NMR ZHIE L. THE TERIBIDOZEN > 7z Mo(V)
DK Mo NMR AT MV Uiz 2] FDHIT, Mo(VI) ¥ MTEHA Mo(V) ¥
A FDSMobL 2T T MIRELEDZ T L, Ko d EFORIMAMEDENC I DT T
FEGHENRE S REZS T 2R LT

SEFFERG & LIzDIX e-Keggin B D {Moy,} 237 £ F {5 [PMo12036(OH) 4
{La(Hy0)9.75Cl1 95 }4] - 27THO (BAF {Moyp}(La) TH 2., BB K ZDOMEEIX. {Mos}
M4 DD La(Hy0)q.75C] 05 THF ¥y TN DTH S 3], MEERIT/NEDBIND DIZ
La(I1I) IZfiii L7z HoO % Cl Y disorder LTV 578 TH %, EHAETHEDFRICK S
& {Moyp} D Mo I 8 D Mo(V) & 4{fD Mo(VI) B 5> THK D, Mo & disorder LT
WBDTRIEWODNEENTVED, XFEHTOREN S 1E—DD MoV F ULMEREEN

%Mo, RV

OVWWNWLCE 7hUA, ICLTS DO E, RFE LLUA, FALE I,
LAY =7zl
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TELHT, FEEOFEN (Mo(V) D d' BT DR 135h-> Tz,

AW TIE, B8~ 7 %y FEZ O TER Mo NMRFIEZTTV0. BH5N7z A
RT MVDOY I ab— 3 reaEAUEETRICE D {Morp}(La) DREZFNTZD T, #
Rk d 5,

[328&] 9.4 T TD PMo [fl{A NMR & Varian Inova 400 73 Y¢8a7% U, LB E AL 26.060
MHz THIE L7z, 21.8 T Tl& JEOL ECA 930 73887 FI USLIS a4 60.572 MHz C
%Mo [ElfA NMR HIEZ1To 7z MIEIEFEY > T L a—iETiio7ze AT b
e Ial—yaYidAEDOTar S LW TiTolze NMR/ST A—2 0 DFT 515
&, VWN + BP OFBIER U triple-¢ LX)V Slater BIRLERIEE V. ADF 2009.01
TiTo 72,

(iER & E2] Figs. 1(i-a) BX U 1(ii-a) I

ZNEhN., 94, 21.8 T OBSG THIE LTz

{Moy5}(La) @ %Mo NMR static AX%7 k)l @ Obs.

TR, i E . BT ppm OB T

O— REAX7 MULAMES Nz, Mo(V) D (b)smﬂ J\JVL
d' B FRIEKICIERELLL TV 355G

. AR MVIEE—ONCR 5, Tnb

DAY MVEY I al—ra v T BIiE 2K <°>M°VJ/L M

77 (Mo(V) & Mo(VI)) WETH -7z, Fig.

1(b) &, Fig. 1(c) & 1(d) & 2:1 DFRELLT (d) Mo"
E@é\bﬁfcyill/‘—?‘/a \/ : Z/\Oﬁ ]\}I/ L i 11 AI i 11 L i 1 1 I 1 1 1
‘(\\ % %) o 5000 0 -5000 3000 0 -3000
N l)/ppm v/Ppm
—7J. DFTEHEICBVTE, 2 TOEY (i) (ii)

TFUINEITH B LT % VIS (X fig- }%; )‘%MO l\gf)*s NMR ibes of
NSNS , X Moy }(La) under (i) 9.4 and (i) 21.8 T.
LBME) TRAFAURT S T Lid ko (a) and (b) show the observed and simu-
Jzo 22T, A BEBTFORMELETIVELT lated spectra, respectively. (c) and (d) de-
Mo-Mo DA AIZE (420D Mo(V)-Mo(V) note spectral components constituting the
Y 2950 Mo(VI)Mo(VI) & LCalzfis  Poctmumin(b)
e A, GIRBICRLY —XF 7)ViE NMR /8T XA—=2W G560 Tz, DL Enb,
e-{Moy} a7 D d' EBHIRELLTED. Mo(V)-Mo(V) FEDIERICHF G LTS L
EZAbN%,

[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. Tijima, 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 Maeda', OShingo Oumae', Xiong Hui', and Ko-Ki Kunimoto

! Division of Applied Chemistry and Biotechnology, Graduate School of Engineering,
University of Fukui, Japan and * Division of Material Engineering, Graduate School of
Natural Science and Technology, Kanazawa University, Japan.

Solid NMR measurements of poly (y-glutamic acid) (y-PGA), its sodium salt (y-PGA/Na) and
poly (e-lysine), and their polymer blends were done. "*C spectrum of y-PGA differs from that
of y-PGA/Na. C=0 peak of y-PGA and y-PGA/Na were deconvoluted into three and two
peaks, respectively. The miscibility of y-PGA/PVA was investigated by measuring 'H
spin-lattice relaxation times. There were unassigned peaks in CPMAS spectrum of &-PL film
cast from aqueous solution at 165ppm in *C and 90ppm in "N, respectively. These peaks are
not observed in powder sample. We assigned these peaks to C=0 and NH group of carbamic
acid formed by reaction of the amino groups with gaseous CO,.

(=]

MAEMEE S S FIXEIS3FEEA OGN TEY, RV (e-V ¥ V) (e-PL)[1]. RV (-7 %
UMW) (y-PGA)2). ¥ T/ 74 FThD. e-PLIX, MWEAT I/ BEO—DOTHDHL-
UV WapLD I NVRE NI EiDT 2/ FETT X NEES L, BE O —FETH
% streptomyces albulusiSPFEAT DRV T IV ETHDH. y-PGAITYNLD T VAR F V3
EofLDT 2 IENT 2 A CER ST =4 MR ~—T, £E L THEER
E D BacillusJBH 2 £ > TREA SHUKIBEMER KOS ZH L, ALk - =R
DIRIEN T TISHAREF S TWA. 22 Tlde-PL, yv-PGALZDF ~ U 7 AT
HHRY (-7 B I U U U L) (y-PGA /Na), BEXOZFEDORY ~—7 L FOE
RNMR% & Rl W T RIS AT RE R 2 s 95 .

(E7)

e-PL : e PLAKIEIEZT 70 v —L FIZF v 2 b URECREE, BTHERIET
X A FRUBFAER L=, y-PGA : fE 4 OpHDy-PGAKIRIK 2T 71 v —L ki
F ¥ A b URRCEEE, BEGESETEy 2 Ml 2Bk L7=. y-PGA/PVAR U
~—7 L R y-PGA, PVAZ A ITKEKREIER L, fixDE /) ~v—=2=v MHLIT
RAHIHITRE BB LE. BABRKRET 7o vy —L EIZF ¥ A ML, RIETH
Hotk, WIEFLBRSHE TH v X B 2 fER L 72, [E{ANMR X Chemagnetics CMX
Infinity 300% AW C=RiE THIE L7-.

WAMEARY 7 8, EAENR, RY~—T71L 2K

Fx7Z LAY, OB9Fx2 LAZ, LiA S, bk 9%
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R & B
e-PL &PL® °C 22 [ % Fig.l 12, "N 27 p L% Fig2 \ZRT, KF¥Fx A b

7 4V BZEWT, BC T 165ppm. 15N TIE 90ppm (2737 F—ZiF 72— M B
N5, ZTNHDOE—7 DIRFBIIRIATE 57223, _W‘o%iﬂ"qﬂ(D CO, & fI$H > NH,
DPEELT D 2 & THERT B B8 A — MN(-NHCOOH)IZIRHE L7, [3]

(2) (2)
/jL *

®) * ®)
L LT R s B S L B R B R B
200 150 100 50 0 PPM e staddinteiol s S it
50 300 20 200 150 100 50 0 -50PPM
Fig.1 Solid state >°C NMR spectra of (a) &-PL powder and Fig.2 Solid state "N NMR spectra of (a) &-PL powder and

(hY 2-PI. cast film from aaueons solution. *:sninning side (b) &-PL cast film from aqueous solution.

y-PGA y-PGA K v % Lkt 3C 222 s L ® pH AFMEA Fig3 1239, pH 28
y-PGA @ pKa fE(=2.23) L ¥ K< 725 & 180ppm fFUT D H1 /LR = VIR FE DFILIL KR
BT D, W ORI ADE—2 T7 4 v FTE, pHMES DTN
TR&L f@émw%wu@t 7 ZRBRER L TO LRI VR F V)RR
L7z, IR JIEIC b\f%) To &V &L BREKOTFEERTE— 7 PR TE .

F 72, 50ppm [FATIZBLI D JERIE R E Call DWW T HAEOZELR R 5 5. pH 23
pKa DL EI272 % &, MIEED VAR =L EEE COO™IC 8 kT 5. ABMOKIEIC LV M
MWW T2 T o X haf LR LY, a7 A—2 a3 Bz Y Canfbty
T IR LTZEBIOND.
y-PGA/PVAR Y ~—7 L > K y-PGA/PVARY ~v—T L FDBCA~Y M/%:Fig4
:fﬁ“ PVADPCAY MVOIEBEG D A F U RFEDOE— 27 1%, SEAEHRAIE

FFNKREREEREXNDENT, IRIZHGHEHTDH. K ~v—T L RN T %32&@
t 7 DENSKEREERRNOENETMD LN TED., £, RU~—T7 LK
DOMEHDPEIZR Y ~ — R OFEMEDR K E < BboTL 5. ERERE X ORIEREE R
AR TR TR L ONp EEIT O 2 Lk o THIRMEO Ml 21T - 7.

Cu M-

W\ VAN

fﬁ»
i

i Y W —
Ll I,
L]
0 g AR—
13 o0 L] ru T i - L] L]
Fig.3 '“C CP/MAS NMR spectra of y-PGA film cast from Fig4 "C CP/MAS NMR spectra of (a)y-PGA,
aqueous solution at (a)pH7.1, (b)pH4.9, (c)pH3.3, (d)pH2.3, (b)-(f) y-PGA/PVA, and (g)PVA. Molar unit ratio of
and (e)pHL.5 y-PGA/PVA are (b)2/1, (c)1/1, (d)1/2, (¢)1/3, and (f)1/5.

[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
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Solid-state NMR analysis of structure and composition of coal ash
Xiongchao Lin', OKeiko Ideta?, Jin Miyawaki?, Isao Mochida®, Seong-Ho Yoon
" Interdisciplinary Graduate School of Engineering Sciences, Kyushu univ. ,? Institute
for Materials Chemistry and Engineering, Kyushu univ., ® Research and Education
Center of Carbon Resources, Kyushu univ.

1,23

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 >’ Al-, *’Si-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.

[#35] AP AMeFETITH AMedhRm L i, REREDTZODITIFND LIRMA T 7 20
DINCA L—RIZHY BRS DR EERRE L /oo T D,

ZDI=, FIRIROVEFEE « FEMENEE L 2508, ZHOITEICRE<MET S, ZhET
T IRIK DR & R 2 HEE T 2 BB SN TV D, — O R TS L b PREEE Y O
AREN 2R S22 ER o TN D,

—JC, Ca<®Fe [ TMEICBBRT2IRIMA & LTHMBNTNWD, AT, ZhbD Ca<Fe
DREHER T2 L7250 ThERHNE72012, WL O0D Ca, Fe GAHLLD IR A A RIRIZONT
AL B EONESE [ NVR <2 XRD %5 % W T ORI IC X A S L A REt LT,

[Z28%]  AfRILCa, Fe ZHEDERD AR, DK, MR E % HE, MAtL% Table (TR L7z,
300-1600C DV D DIREE TEMB 21TV, AIRIK A VER L7z, Al [E{K NMR 81 1% JEOL
ECA800 (18.8T) 3.2mm MQMAS v —= % i\, chemical shift echo #k, 2Si [&[{A& NVR JIlE 1L
ECA400 (9. 4T) . 3.2mm CPMAS /'m —7 % I THT o 72, FEHEIESEE L3~ T 20kHz TITo 72,

Table Composition of ashes with XRF analysis (mo/ % as equivalent oxide)
Samples  Si0, Al,0;  Fe,0, Ca0 K0 Ti0, SO, MgO Total B/A™

D 70.04 20.85 545 1.86 0.95 0.31 0.54 ND* 100 0.19

A 39.86 12.39 7.43 21.54 0.84 0.38 5.63 11.92 100 0.90

M 42.15 16.51 17.19 11.04 1.12 0.53 572 573 100 0.85

*ND: not detected
** B=%Fe,0,+%Ca0+%Mg0+%Na,0+%K,0; A=%Si0,+%Al,0,+%Ti0,
** Trace elements Sr, Mn, V, Zr, Y, Zn, Cu,Rb were ignored.

[#5F & %%2] Table \Z/R L7z STEDO A IRIKITIEBEE KB EDOENDH D 2 & iR L,

Key words: ZAI-NMR. 2°Si-NMR. &K
YA LrAbeH. OWTE [TWI, #PbhE LA, £B1E LWEB. PA ZTAIIF

—374—
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Fig.1 Room temperature XRD of coal ashes and slags q: quartz— SiO,; k: kaolinite—Al,(Si,05)(OH),;m: mullite— AlgSi,O5;
s: siderite—-FeCO;,; Adiopside-Ca(Mg,AI(Si,Al),Oq; O: anorthite-CaAl,Si,Oq; h:hematite-Fe,0;; @: magnesium iron aluminum
oxide(MgFeg Al ,0,)
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Fig.2. Solid-state ?’Al-, 2°Si—- NMR of coal ashes and slags *: spinning side band, #: signal from probe or impurity
k: kaolinite, q: quartz

DX Ry NT—THEEDIEN Y PHEICEEEEE G2 THWD Z EIFHLNTH DI, £D
JRIRNZ DWW T XRD (% slag 22 BIFIERICHIERE 5220 DOITHR L, 1600°CHIRIK & AT 7 OFER
NMR (il > 72 AT "V H 2 TWB, K LT A7 73S 2 B 12 < W= R 2
L <KET MR A FEFIZHEIZIDEF 2D, FE TIE TAL-STMAS JIE %2 & Dt iER T 5,
[B&Cik] 8L 80, vol 95, No.4, 321-330 &1&5H
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Hyperpolarized '”’Xe NMR of Xe in Catalysis Pores

oMineyuki Hattori', Takashi Hiragal, and Shinichi Nakata®

! National Institute of Advanced Industrial Science and Technology, Tsukuba, Japan.
? Engineering and Resources Science, Akita University, Akita, Japan.

1% e 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.

[BE] BFEmXe 7 ADONMRIGH & LT, oL LSO AT - 72, IRk
LD TS EOREER ERS L, BERZ2LTYH, HoREFRENSGOND,
$otms)> O VDR E OB 3R T, U T VX A DRIENAREIC /e o 7=, filic s L
TV 5XeD'PXe NMROALE S 7 b & fiEIL, HIFLAE & Xe & HIFL & O AEA/ER Ok &
SIHEIFT 5, S ORAT4 5 S B2 AT L T, "PXe NMRAZ hLDOER
BE2iTo72, BB Y U LIZHOWNWT, ZfEOREBEN R > 23 EHZ >V T, &
BIORPLELIZE D, 7 N e =R 57- AX7 MVRERGEOR R 2157,

[ Xe NMRERR] BB LF(0R) & EERRIF CRA%E L7, (WM=R3% 0 IR Xe /7 A
RNy FRTEGAE TS Z L AR L LI ERE 2R Uiz, AEE T, 5k
72 B Xe/NYPREH AR UVS—= TV HANGH ZAD ) o F—UUHNER, £ SIS, Rk
JVER KON, v AT AR K AR S LD RO EA ST A Ly 7 AT,
Xe/NoDEFIEIRA H A& MR L, KABG T v 7 &0 A L7210mT o
— W (~1%)FITIB N TTI4. Tnm D FER L —F — N2 S35 2 L2k b | 1EICK
300ml DR RIEXe W A & B8 L CTAR S B 72 8IRmXe 7 A 1%, £910%5 LA ORI % B
T, 30mlD T Y I E R I ER Y & h, AR LA T v REANE &
Bfoi U 72 BHE O il a0~ Uik X B 72, L2 e o SRR, A BT b
U 7 L3FEH (K JRC-CEO-1 ((#R) =1#) . JRC-CEO-2 (FF—H#ixH b7 LHEIK)) |
JRC-CEO-3 (1) ) IZ2WT, HIEZITo 72, Xe NMR %27 kUL, 6.3T T, tecmag
Apollo Spectrometer|Z & ¥ 157-, 250ms[# @i [ 4L & 64 FE 5 (Tr=4s) TOWE 21T -
77

HfRinXe, ZLHE, Ml

olfo W AHRNDX, OBLRT=NL, Iz LAWV,
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TOREZLH T, %7\@2@1;73{%&753 <720 NMR FE50RH SR WIEER

3?;0710 IR T OEZL IR | 7 MEREERT HEBR L ST, P Xe NMR
HEICLY, ﬁﬂai@ﬁﬂ%@fﬂm Eé?‘érﬁi&#%%ﬂé Lot
[ k]

[1] KRATRER, FHLSFS ., P, e, AR —5L, $FBH 2004-262668 5/AH ;
ARERIE 2, ﬂfﬁﬁ@ﬂ?'ﬁ/ U AR E SR O RS, TEMEL, 52(3), 86-89
(2004).
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Analysis of molecular orientation in polyfluorene films by solid-state NMR
(OMasashi 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 oy, signal is reduced and o33 signal is enhanced when the thin films are
perpendicular to By. This indicates that the fluorene rings tend to be parallel to the substrates.
The quantitative analysis will be shown in the presentation.

[#%=]
AR AR TR A MR B0 T
B T ORI & 0 - BRIBEL ©  Hy,Cp CeMyy

ICHEBERMER S 5 Z EnmESn - 5_«"{- __:_---"-"13C -
[1,2]. 5> T OFC A % & B fRAT 2 5 “_"hwc“;'"nmwﬂnr
PWREE - T, 7o, HOKLERT ) ' HyrCa CaHys

&4+ %R A B EL A B . poly
(9,9'-di-n-octyl-2,7-fluorene) (PFO)ZISV T,
DTERASELZEICLY ., EABBEN MM L3252 ERHREINTWD[3],
Z ZTAMIETIX, 7TEAT 7 AT EIT 5 5y FEL A & B s R & oo fH R 2 B
2T 52 EHHIE LT, PFOF v A MEHIZEIT 257 T OB & EANMRIEIZ LV
RSN D Z L R AT,

Fig. 1. Chemical structure of °C,-FIQ PFO.

[328r])

H1D7T L HIBCT L LR Y 74 L B EH LK., °C-FIQ PFO & FES) & &
L7z, ZOTULEEIO X v A MEEE20E 1 pm) 2 3080F8E L, i 23 5 &
FEE, HHVT, PATICR D L 9 ICEE LR TRC b 7 b B ITME(CSA) 2l E
L7, FEANMREIEIZ, Brukertt#LAVANCE 14 EEHT X Y 9.4 TO#RE T TiT -

BFREEL, RY 7 F 1L, b7 R

Os<BEEL, S LELEDR, TEIHHOL, MLVADD
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7zo 7B —7121%, DotyttH7 mm Wideline” 1 — 7 % /=, 'HE PCo g i %k
ILZEZ4, 400.25 MHz, 100.66 MHz T 5, HIEIT=IR TITV, k& L TCPIA,
Hahn-echoii % HV 7=, F£72, 7L EHTWRWPFOIZHK L TH, FIERIZHF v &
ZUERLL . ZDCSAZMIE L7z, “C-FIQ PFO & T UL L TUVVRUWPFODFE X~
MLEEDZEITED, TN PCIRFEDOIITHT HCSAARY MLEET,

[RER - 2]

[X2(a)l 5y - DELAN T v & I de S L
7 5B, (DI EFBES Bl kT L C R ELICHAD
B L7 v A MEEEE, (o)l 21T FES B,
(2 U CPATICRLE L7z % v X MIRECK)
DPCCSAARY MVERT, ok, Zh
BDOANRY MZENTIE, EikomEy
RIAFAEPCHRFE D BE IR TH D,

H2(b)yD AT MV TIL, o1 DI Fi&
L, N7 U2 ACER L TWAH K
20@) &R LT L TR D, K2(c) Tl
WL T 5, 7VPCIRFED oy
(292 T8 T 1) 1353 - B T A
LTW5 Z Enb, PFOS T8I, IS
U COHATICRL A 2808 8 5 2 &A%
bbb, 2. opliZBALTE, K2(b)T
FZZDEFREFEML THB Y HM2(c)
TEHRRMD LTS, FlchFgEo ™
ol TR D BT AL T VA L BRICHE
ERFEIIKHE L TWD ZEMnE, 7L
F UV, BEEICSE LTI R BULK (a), in cast films arranged perpendicular to
AN D = & B’NbhD. BIE. 5T By (b), and in cast films set parallel to By (c).
DB BT 5 7 AR RA 21T > T 5.

perpendicular to B

(b)

parallel to 5,

ppEm

Fig. 2. The *C CSA spectra of *C;-FIQ PFO in

(]

PFOARIZ W THIFEE R L OB H W - 72 & F L E A bRt M mee =
e, SUCIHR. ARERRRICTR  BRFh2 LR, AFRIE. B ARSEATIR LS o ) e
MEBRRZE 0 77 52k, ka2 -0 TH D,

[>ciR]
[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.
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Multinuclear Solid-state NMR for Coal—Organic and Inorganic
Structure —

OKaoji Kanehashi!, Takafumi Takahashi?

!Advanced 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 'H, '3C, N (organic species) and ?’Al, 2°Si, "B (inorganic
species) solid-state NMR to obtain information about organic and inorganic
phases in coal.

ARITHEE T 02 AZBWTRA R R TH S, AREE LT
ELma—7 R I A DRETAIE LTHWHENRTEY . Fl THEHEFIC
B R 2R X AT Z & T, Eiffife 2 — 27 ADWEE FIF T BREN EH
Lo TWD, £2. ARBEIZBWTYH, A 7 —IFITH R 2R XA
P, BREESH D Z ETHREEZIT-TEBY ., 2HRNRBEBL L OHRERD
N7 T NEBERET D702, AROEEEZHGCT 5 Z EIFEFICE
HChD,

FAIRIZZDT 7126 XD, K190 massh & IRFE MO & LTo/KE - &
FEOHR SN ED TS, 75 D10 mass%FEEN T /LI =7 A0 A
REDEBEE S THY . T b DOFES & BRI EMETIE G o T2
MiEZALTVDEEBEZLNTWD, TRIEBRERH V| L7 OFEERE
WAEF B D FANMRIZA R O A E % 5 ECIEFITHE e FIET
b5, BAITAROEDFHZRET 5720, ZHE TITBC, Y7Al, 29Si%%
DOREEMENT 2 O I L CTE 7203, Al TIXBREEME 215 %I ISNSCB
FEOMENRD ORI HIT-> TH Y . SEIOFHRTIT I O O ORER:
BRI L CTHET D,

& RNMR O I iE 551 % Table 1T ELUZ E & D72,

ik, ZRZE{RNMR

ORIZLIH L, NI LTEnER
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AEETIHREOME L, ARFTOERLEFVEOR/EREZTL T, WTh
LARTOEHEEIZENTHY (N : 91 mass%. B : #90.01 mass%) . =
IWE TOREFNT D20,

FIRA, BOH—N CP/MASA~Z KV %&Fig. LWRT, ARFTOERIT,
YU EA TR — NV E A TDOEEFE, TIREATRT IV HAT
LEORRMENRE Z 650, SRIOBEERER»OIX, Flcve—Lx A7
NEHENTWDDONRDbND, £l a—LZ A4 7O%S 7 ME, B
ERRET DIEVEESAI~ 7 LTV ZEnb, ARAB LIUB
RS, ARBOIEZHIN LY Ba — LBV UBENHES LT
WEheo T EHNIND, BB, AKBDIZO BRILENE L, KA
BHOFEHEENEG L RoTWNWDHIENDL, FELABRWERETHSL L1

A EOMRIE TIXCP/MASEZ VT WA 7280 NOIFEEICHNIEE LR
BY A TIFBRTE TCWLARVLS, REtE e bk T L5 e T, E
VoA F L THRHITES EEDNRS,

WIZ, FRCOUB MAS ALY kL %Fig. 212/~F, 0~20 ppmDFEiKIZ
ﬁ@m@%ywaﬁe~7ﬁﬁwéntom%y7bm#%#m¢5&\
IRBEGR D2AR & — 7 [ I3BNLB DAL 7 NEIRIZIE VDS, 3RO E— 7 1
TN OB A ERIIEF IS N D, 2 TOE—7 DN4EAL
WiEx & o> T\ D EfERmfT T 7, (SRS O2ARD B — 7 1%, i@ O M
AL DALy 7 MEIR S X8> TR0, ARE &S L7T-4BNBTH
D EHER LTz, EEE. 'H-'B CP/MAS AL kL TlE Z b DKL O
B — 7 OAARIBRE DML T2 A0S, OHEFEA L TV A AE OB
WCEKTHHDEHTE LTV D,

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

l Nuclide [ Spin | Spectrometer Pulse sequence Reference
) e | 172 Il\(l:(g/l\;(A_ngOO CP/MAS HMB (17.3 ppm)
' 1 CMX-300 CRAMPS Adamantane
| 1/2
| H H INOVA-500 MAS (1.91 ppm)
| N | 172 | INova-s00 CP/MAS (_sf;ysﬂ”:pm)
Coal A l.‘ " ZAl | 5/2 | ECA-700 MAS, MQMAS AlCl3.aq (-0.1 ppm)
»gi | 1/2| CMX-300 MAS PDMS (-34.0 ppm)
| Lo
TN P I 7 N M M -
[l i -
L) ,]“h. I\ Ijrqll, e
it I [ |.| \ ||'I I |||, I ‘
| | | i | I
Coal B | | [
| [ CoalC (|||
T i
il 4 lnd
JI|I|||| I"lhl ||I ! |“II'...‘,I.-IJI' .lll'" 1 I'II ik . | | ¢ .
\
Ll (AT Il'u'# IIIJ""""ll TR
fy i h VT iy

100

6

100 -200 -300 -400 -500

15N chemical shift / ppm

Fig. 1 '"H—'5N CP/MAS spectra for coal A and B.
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Comparison of spectral resolution between high-speed MAS and
CRAMPS in 'H solid-state NMR for inorganic compounds
OTatsuya Nishiura!, Koji Kanehashi?

'Mishima Kosan Co., Ltd.

?Advanced 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 'H 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 'H abundant compounds such as organic polymer, it is
promising for inorganic solids with lower concentration of 'H, causing the smaller
dipolar interaction. In this study, we have applied high-speed MAS and CRAMPS
to inorganic solids to compare spectral resolution.

THEE O [ K 8 0 fiEHENMR A X7 k)L %15 5 |\ZIZCRAMPS i f L. 'H

WD RHGT-FH EAEF 2 EEUET 2 FENR B MSNTWDH A, ZDOFHIEE
(1) SR, Q) by 7 FoEEEMET.  3) EErEC
RITFDH, EVo R EFF>, —FH T, TFEON— REITOERIZL -
T, 60 kHZFEE £ TOIEFICHE CTREI ZBHRT 2 2 LN AlfeR 7Y e —7
MDAFTEDL LR L0 EICHREED EWIH NMRARZ K LA
BoNL2W/FNH 5,

AIEEMIZB N TIT—RIZHRER SN2 LD Mkmﬁﬁmﬁﬁ
JERE T HIH OIS AR 23 L S 9. CRAMPSIZ Sy fiFREZS
ﬁ&“%ﬁ%%wo*ﬁ\ﬁ%MA%ﬁ@ﬂfﬁ¥®%fiﬁ%:&W%\
CRAMPS % VT & & 3 I fREE D WH NMR ALY LG S5
AREMEDRN D D, £ ZTHEL, WL 2O LA W T, CRAMPS A
A7 hv @R T CTOMAS A7 MVERIE L, SfiffeoiE B9
% FEMERIRRR 21T o 72,

EHMAS, CRAMPS, fEH(LEW

OIlZL o Bl2R, MRiZLZo L
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'H CRAMPS NMR A< h/LZCMX-300 (7.0 T) Z V>, BR240D /<L
ZZH] (907 7V AME 1.3 ps) & FHVT1500 HzD sl aldx & 5 45 <l E
Lize ABZEY 7 bR — Jy7i7yeyﬁ@ﬁ@%M®x%vy%%
1.5 ppm& L7z, E#HMAS A7 R L ORPIEICIZINOVA-500 (11.7 T) % H
W, YT A TI0~60 kHz@ﬁﬂlEI%:H/Ezi:&mﬁlmLto b5y 7
NMITH~Z oD —7 %191 ppmiZ X E LT,

E9. B — 7 ORI T D MASHE DK 2 Fig. 112777, Silicic
acidlZ BN TiE, MASHE 2 EIF THMIENIZ LA EZEL Lo 7Dl
%f L. Kaolin (AlSi,04(OH),) <°H,BO, TiI[Al#z/&E 2 xf L TIFIFHEARA
ZHRIE 238 LT A L B AL, FFICH;BO, TIXZ O RN B T
Holz, TIHOMASHEIZKRT DRI DRFYEDEWL, (LA DK
FIRELEERHD B2 BN, EiiodSilicic acid, Kaolin, H;BO;H
DORBIEITENF< 1 mass%. 1.6 mass%. 4.9 mass% CTH V. KEREE
DEWIE E L H ORESRF AAEHA P EE S TE 53, MASHE D
BN EE S BB DR RN KEL o TWVD EEZEZ LD, KBREN
O HBO, % T, MASHEZ S BIZ EF 52 LIk~ T, B D
RIEORD B CTE 2 &b s,

WIZ, MASIHEE 2360 kHzODFFDOMAS A7 /L L BR24D 7L AR T
5 HAU7ZCRAMPS A X7 kL% [l U 7= —f5l % Fig. 212777, KaolinlZ 3\
T, WFET =2 VORIBEEERITIZIEE LWL OO, FHEMASAY
%zvm:tot e L B NICTEET 2 IS 72 OHZE R kD v — 27 23

SEECETWVWD, — ., KVKFEREDEVHBO; TiX, CRAMPSA~”
RV DIE D BFREEN W Z & 235 Fig. 1 TR LAV IA & [, 60
kKHzDOMASIEFE CIXHME O XA A1 FAEH 2 BT 2 123~ 0 Th 5
LWz b,

VI EDOFEEN S, EEALAWICIBNT S, BOBHEIELE 300360 kHZFR
DMAS AT bV TIEAREE D £ CCRAMPSIZ K IE 72 W — A 3 573,
HIEOFEE S CEEEOBLA D, THEO B IR E D iFRENMR A X7 kL
5L LCIERICHEI T D L EX LD,

4500 [EY] (LB} A
4000 |IIIII HI H .
3500 3BV3 I| | H“J
3000 | \1\_" | l"L'\-m""'-‘
i - .._,h,--.-q.-)I -.-ﬂru\,--.
N
o . Silicic acid / \
500 POUNEN -
0

0 20 40 60 80 100 120

2500

2000

FWHM/ Hz

1500

L) 4n o i B L K . L)
Rotor Period / us
Fig. I Dependence of line width on rotor Fig. 2 'H solid-state NMR spectra for kaolin (a) and
period for some inorganic compounds H;BO; (b). Top: CRAMPS spectra, bottom:
in '"H MAS spectra. MAS spectra (1,=60 kHz).

1) J. P. Yesinowski, H. Eckert, G. R. Rossman, JACS, 110 (1988) 1367.
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Characterization of chemical species for trace amounts of fluorine using a fluorine-less NMIR
probe

OTakafumi Takahashi', Koji Kanehashi', Takahiro Nemoto®

'ddvanced Technology Research Laboratories, Nippon Steel Corporation >JEOL

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 ""F-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
F MAS NMR spectrum of synthetic products with fluorine content < Imass% can be obtained
without applying a depth pulse. In addition, new analytical techniques such as '’F{*’Al} TRAPDOR
and *'P{"’F} CPMAS have been employed. In a "F{*’AI; TRAPDOR spectrum, the fluorine atoms
bonding with aluminum ones are selectively observed. On the other hand, in a *'P{"’F}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.

[#E] 7 v (F) 3L OTERBIIHNSNS T, REAMYE L L THERE - mH
EXFIZEI LT, B LWEEHERI N T SN TWAIEETHEH D, T 9 LEREMGEZ 7 Y
TITBIEN, ARIKRATZ VEOHAHEZED D S 2 TORBETHS, ZNETIZH, F
DAL REZ N X 5 F EELENRE SN TWDE OO, F OfLERREMAT R +2
AL ST TVND L IEE 2720, FFIZ, Imass%ll FOME F I oW T, FEALA Y ENMR
THET 22X O OHINRENFET 5, —fRIZ. NMR7 2 —T7 N DT Y 2 —/LJFH
BIZIFMTO LG &7 EOBENSFRBIENRZA SN, BNy 27 757K (BG) v 7
FNEE 2D, FT AFFFES &SP A2 WL FOF s 7 RAEBILTEH Y . "F-MAS
AR MVORBTINLZXJT B2 &3 LV, FEEIC, CaFiEG 2R LAY OF{LF
7 b, D THRWEIRICEFT5, 22T, ZNOOREERT A0, FOBGHIREIZ
o e & & bic, WERAN & L CR-AREA 2 @RI 3 % "F{* Al TRAPDOR %, P-F
FEA R BT 9 22 P{ F)CPMASTE ORI EH i 2t LTz, TDH 2T, ThbHDF
HEIC X0 ARGUEHR O EF O RERT 217 > 72,

[3E5] NMR 227 FLIEIZ,. JEOL-ECA700(16.4T)23 T, YAIPF @ ILE 7 o —7
(32mm) B L OP'P-PFEHLIE T 0 — 7 (dmm)E VT o 7,

F—U=F: PV x925o%T, LOHoEE=D, SoThT
OlPILehSd, PRIZLIS L, b LD A
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YF-MAS NMRAIE L, [FEHE20kHz, 18°/3/L % - .

(07ps) . MY IK LS 12K VAT » =, FID
PF{* AL TRAPDOR A7 R VIHIEE, YALPF— >
HLB T o —TI2L Y, FigWIRT /LRy —7 T r'
VR W, £ % 18kHz, t AR IS

% [ i3 ) IR 4 z. t % [ElHR [F] o | |

L TT 272, *'P{"F}CPMASHIE 1%, [A1H533 10kHz.

. 195 (27
contact time 0.2ms\Z T/ 7=, Fig.1 "F{"'Al} TRAPDOR pulse sequence.

The time ¢, is rotor-synchronized. vi indicates
spinning frequency.

[ERBLOELR] Fig2ic, 7 u— 7k BaI% CHlE Lf:7 vFENY I TT T ROk E
R, T RFMEEEY 2 — VAN LR LI EIC LT, KRNy 7 7T R
HIBZ RPN G L TND 2 ENynD, REIERL Lotoﬂb?‘/7 ~200ppm - ATIZBLAL D /3
v 7 70y KL, BEEBRET 72007 7 A X—F—TVIHKTLI LD EEZ LN
%, WIZ, Ca(OH),-AL0;-Si0, %~ ~ U » 7 A & L TCaF,-Na;AlF-Cas(POy4);F(FAP=fluorapatite)
ZIRA L2 EHZ W T, "F{FAITRAPDOR 227 F L DRE Z4T > T2, & D%, Fig3
WRT E DI, ALFRE G 28 7T D NasAlFD A EIRAYITEFT S 72 AT RV FENTE

N7, T, AR LIEFL AT o —7 % T, &REUEHFIR 0. 7mass%) DF A~ M/
WEZIT STz, ZOFER. 29 L7z lmass%ARTOMEF 2OV TH, depth’ /L A [2]% 1 H
FPNC, BHRYFNMRANY AR LN, ZOANT ML LD AREREHFTFOLEE
el LT\ TNFa T RE A~ (FAP) OIFIENTRIR S NT-T=0, *'P-MAS A FVIIE %
fTotze LLARDBE, P'P-MASALY MVIEHRIE S LS | (LY 7 RO BFAPE R ET 5 2
Xk, FI T, FAPIZBWTIE 7 v EREF LV VRF NI FEET S Z L
W& B L, 'P{UFICPMAS A7 ML ZHIE LTz, ZOFEFR, FAPOL Y 7 b —&HT 5
— 7 BRI &, "FNMRALY L BHEE LT L 912, ARGREHHICFAPRMFEIES 5 Z &

MRE Sz, Ca5(P04)3F\A CaF,s
: [iBefore

Na;AlF

: e -

@ 0 o-3n =i =100
*F chemical 570t [pam) F Chamical Fr‘lﬂ I|'l["|'|'|
Fig.2. Comparison of fluorine background signal g Fig.3. Plots of l()F—MAS and ""F{*’ AI; TRAPDOR spectra.
before and after improvement of a NMR probe. The symbol * indicates spinning side bands.

[BEIWMEF OoHICmT T, FAAy 7 750 0 RO, JIEST o & B 2 i L7z,
IS DA 2 WL EE 2T L0 | F OLEBRRIFEMICITHR D LB A b D,

[BIFACHER] 'Cory&Ritchey, J.Magn.Reson. (1988) 80 128, °Grey&Vega, J. Am.Chem. Soc. (1995) 117 8232
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Structural Analysis of LED Package by Solid-State NMR Using Micro
probe

OHiroyuki Ishida', Riko Miyoshi', Yuko Miwa', Katsuya Hioka®, and Tetsuo Asakura’

LT oray Research Center, Inc., Shiga, Japan.

2 JEOL Ltd., T okyo, Japan.

7 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.

[(#5] %, HHEIEROFELVA 6
GBLEDIZF W\ CHEER RS, EH J

PEDORIBETH 5, [FHEMEICIE, —
—OD\ELEDDMAN: & 40 '
HELED A S5 1= I & F
BREDIELOXNEENS, A

LEDOIitAYE, 372 b b A kI L |

Tk, JERORFFL, F DRI, .

Ry =Y OREESIL, RAEHNCTF ﬁ u

v T ORERBREL 5 & Fbh

TWAN, EBEIZIZ. 2 bng{k Fig. 1 Photographs of microprobe and sample tube.
BRINPEHEICIRS > TEY | H{b=E

— ROfEMT Z2 IEH N2 & DIZ LT D,

ek, EANMROBFE I EN B E ~ Bt mglREMLEThH o2 b, 2
DX BB EDOD LN DDOSHIIARFARETH>To, LINLABRNRL, v/ 7 nrn
— 7 OBRFEIZED . 0.5~1mgRETHLHERREL 72V . LEDF ORI AR &
DOEAE O LD LT HZENTEDL LI oTe, 22Tk, HEALDEDE 11
IR HOR 72 I oW T EES LR 21T > 7oA RICE L TS+ 5,

LED# B, LEDE SR, ~( /a7 u—>7

OVWLEEDAYE, AELLD I, ZbWwHZ, DBIN2P, HE<HTH25)
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[3EBr]  THEKO Ef LED ([22W T 9V TOBELELLRBR ATV, @ERTRE &
BERBRICL Y &N oo BB 2 EICH Lz, 9V TEE LHA.
T IR 2 < 725 b OXRREAGE L TS 0728 b b 223 dh o7,
[ A NMR I E 1%, Bruker 115 Avance400 |2 JEOL t:H~ 1 7 v 7’ v —7 (Fig.1)
BIEL UToTme ~A7u7u—T7/HY 07 VE (Dra=78 HNE : 0.5mm,
S Imm, £ & 7.4mm. RBAERE : 0.8uL) 1. Fig.l DEED X H 2, 1FIE,
Kb ERIBREDOREITHD, ZO~A 7 a7 o—7 THIETREZRfEIT 1H, 13C,
27A1, Br 72 £ Th D,

[fE5 & #Z22]  Fig.2 12, LED 0%
bR O E IR IZ DWW THIE L7
1BC DD/MAS A7 hMVvERLTZ,
lppm (Z A F/VFLHK, 134~128ppm
27 == VR EHEES NS E—2
DBHIENTWD Z G, ZOkE
3. AF v la—rbtr7z=1v)
a— OIEEHDLWVILREMTH D
EnHEESN, E— 7 mER LD,

I T T T T T T
200 175 150 125 100 75 50 25 0

AFNVa—rv b gy a—
OENVLITH 70/30 & REED b7,
FALFEIDO A7 F L TlE, 10ppm

Fig.2 >C DD/MAS spectra of encapsulation
resin in LED (a) before degradation and (b)
after degradation.

WFI NS e — 7 BBl TN 5D,
ZOVY—7Farg s N A LEREL
L CHIE L7z 13C CP/MAS A~X7 k)L
T, KO RERBEZ R LI END,
BEHROE—2 Th D Z L DURIBE
N, 512, ER H NMR & %17
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Characterizations of the Oriented Materials by NMR Techniques
oHiroaki Yoshimizu!, Masahiro Okazawa', Yuki Okumura', Toshihito Karakasa'
!Graduate 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-Cl4 was characterized by “C
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.

HEE] Fx 1T < oD@y LA T D k87 &b S - &M o fF
BAETED L, [URBERE 72 & OB KIEIZ M B3 2 fIREEIC O W TIRFT L TV 5
ZOHMIIK L, MRS E SEIC RN ST DL 2 EIEE DD THI TH S &
EZ2D. LT, HFEIEREEORHMBIC A FENMR EEZBE LT, BB O B2~
OHEEEREESTHZ b ELEERMERETH D . AFREK TIE, EEBC NMR
% O T Bl 3R O EEERHMIZ N 2., KR O JEHEE B EEAN 4 18 U C [MEE0 72 Bl s
EIHHIC W TERE T 5. BRRIZIE, 14-PTAFILo AT 447 2/ —)b
MBERY Y —F by ZiREEERT, TAXNAAHZ AT 22T H/HER Y = 2L
(B-C14; ST VX /AN DORFBEIZID DKL T D, 159 1 LUV TR AIZES LT
JEIRAEE 2 GBI S ETG6X0, ERtEm s F ChH LRV 4- A FN-1-_ T
(PMP) % FEAEL A & H 72355105\ C, WWRIEKEELE (T > % LA V&S T DT
— X BB LN D, FENMREOHAMEIZOWTELT S, 2B, AfiTixE
IZB-C1l4DFERITHONW TR S .

[3EBR] B-C140O A ITEEHICHE - 7=, WA OBREE F C& S ERIKIRRETH 5
IRE060°C) T ERE L=, RIRF CABK LE-bOZERmREE L, Zhi
9.4 TOMEERI AN T, FTEREE CHIELISOMSAE L-%ICREE THAILE
e (FHEIEFR) &, 160 C TR L7 IS EREE £ TWEI L TI5MAREE L TH
5HEIRIC T2 A(RIEEFL O, i@ O FiE TSR M 872, PMPY v 7L
SIEFMR) L0 (G S kR & R RO PMPRE A V2. 2D OFEL O R
13C NMR CP/staticillf NZ &R DI IREEIZ 1T A PFG NMRJIE %217 - 72

Wemidm, SARONMR, SURILHUREL
ok LHT UAHHE, BInESb £305, BDDH BH&, hbind LLOE

—388—



[(#5R & EE] Figure 1 IZ—fl& L | ,
T,9.4T OBEERAN TERN S ' \

B oR LEREE CRRS 0 we A M e
5, BORRECHRALESY T ﬁﬁthFa |
OB BCNMR BER REAT. T T N T kT
EM@Xmahwi%/7Wﬁ§ﬁ ~*ﬁfﬂﬂr— — T
CHU LR E e omee DA s e
e ETas T IE T AN "
LOTHY, AMOLOEBo LIAE g N\ M .
BT 000 EESE T T ) e !
EbOTHSE. BTBICHBRORY 0 e e
o U SRR R N T e _Muruw%_
FEDD A b T I AR ey Sy | (e
Ay M TDD. ZIUSK L, mem_—__ |

PSR EL IR O RL ) 7 1 4 Bo & i OPNNPRAOR i s i
FFICEWCEIHI L7 227 F LG g iy i L R S R
FFIZ 150 ppm T2y ¥ — 772 &
— 7 NBIESN, ZHITEIA T Z
Frlsads o7 1e & WmELC RO TR L 72
AT NV E O HEE NS FHEFRRFE TS 7 SR FEEEBET D Lk
WD ¢ WA FESE T IR LTV IR TE 5. £72, 2O —7 OREHIE
DECAHREIC X W 8725 Z LR S NT=D T, MENL SRR M EOFEE S L.
Tt FINEE O I SR X AR AR T 1830 °C, FRIEIBAR Tk 70 ‘Co & & i bEdIA4
D 2L DHERR S T2 FHERFE TIX 180 ‘CHHE TR 24 T OB e b RS EC A2

WL TWAHEEEZ L, BIEIRE CIERMED & THmWETEREREEN D
PR \ZTEEME A RV OOl AZ LTV 720, KDERWRE CRBEEMLZEE XD
iz, 72k, ZHNOHOMRIL X BETT —% L2 FJERV, NMR 7 —4# % X<
B2 L, 30 ppm FHTICBHI SN TWARIBHT UV 7 77 4 v 7 IRFEH KD E— 7 {1
b Bo HIAME FEZ R L TR Y, AN X REPT R TIIAHEOERAE T
%0, NMREOFRAMEZRTRE LTRSS,

—7J7, B-C14 Ol A J7IM & SFELKURDILH AT EL —H L TEBY, T biFek
B U CHER LRGSR TR NUE & ORIFELT — & %, A UE LT f#
I B15% 52 [RIEBEREUE DY, Blraleh & MR ER TR 5 2 LD bRkl &
o, BL, JEEER G A MEICERIEHT 212X, P I ABRE R E L BT
P 2% LBLIA G 23 AT 72 b D L BER OO _FifEE HET 2 0LERH 5703,
PFG NMR i CTlid— 2> O AHUE I ERIZ BO (2xt L CEIT A S L < IXEE S
WCERE L CHIET AT TR, Zo8bFEZ NMREOFHAMEE WL .

PMP %> 7 /2 OWNWTOFERIL Y AFAT 5.

Fig. 1 "C CP/static NMR spectra of B-C14 at
room temperature; (left) c axis is parallel
to B (right) c axis is perpendicular to B,.

—389—





