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Preface

The research reactor at Research Reactor Institute, Kyoto University is a very useful neutron
generator, providing us neutron-rich unstable nuclei by bombarding nuclei with those neutrons.
The produced unstable nuclei exhibit aspects distinct from those of stable ones. Nuclear
structure studies on a variety of excited states reflecting dynamic nuclear properties are one of
fascinating research subjects of physics. On the other hand, some radioactive nuclei can be used
as useful probes for understanding interesting properties of condensed matters through studies
of hyperfine interactions of static nuclear electromagnetic moments with extranuclear fields.
Concerning these two research fields and related areas, the 3rd symposium under the title of
“Nuclear Spectroscopy and Condensed Matter Physics Using Short-Lived Nuclei” was held at
the Institute for two days on December 20 and 21 in 2016. We are pleased that many hot

discussions were made. The talks were given on the followings:

1)  Nuclear spectroscopic experiments

2)  TDPAC (time-differential perturbed angular correlation)
3) B-NMR (nuclear magnetic resonance)

4) Maossbauer spectroscopy

5)  Nuclear Resonant Scattering

6) muon

7)  positron, etc

We hope that this report will contribute to a progress in the related research fields.

March 2017
Yoshio Kobayashi  (The University of Electro-Communications)
Michihiro Shibata  (Radioisotope Research Center, Nagoya University)
Yoshitaka Ohkubo (Research Reactor Institute, Kyoto University)
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The Changing of Spin Crossover Behavior for Iron (II) Assembled Complex
by Introduction of Substituent to Ligand
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!Graduate School of Science, Hiroshima University
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Figure 1 Local structure of complex around iron. (a)

SCO-on; (b), (c) SCO-off!1[!

2. B
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BT RICRE L ConBodr. Bk X AR (PXRD) JHIE, HUFES XRD f#fr, A AT 7 —
S RIE RS K O L=RBE 21T > 72,

1 HO CH
NI - Pd(dppfiCl, Rf f“a
Na,CO /T \ - -
x% %x + 7 2773 - N (N
@ toluene/water \ / \> /< \ /
HsC R! N

Figure 2 Reaction scheme for synthesis of bridging ligand dmbpb (R!=H, X=Br) and tmbpb (R!=CHj,
X=D).
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o . o Figure 3 Calculation model of complex
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[Fe(dmbpb)2(NCX).].
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Spin Crossover Complex Using Ethyl Isonicotinate as Ligand
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BN 2 R A MERRICE T DR 7~ R SCO $5K1E, “ Rtk A N O E&RA 4. &
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MG A% @ A B (HS) AR A B/ (LS)M O rIiR A HUZ Bdf 1 2 Z L A T& e, —J7, AR
A 2D Real # o O 7 N —71%, K 6 BALELI) A A L AZEAL LTV D pyridine 2 ZEFEACLAL
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LTHDH[6],

: ¢ i HT phase
_ ) 7 1 ' - WY V] A Fel(S = 1/2), B: Fe'(S=2)
FFet(s=12)" ' I B . ] ‘ :
i 1 - y S s
Fn=s vV ERER. En=3 ] / °'~rﬂs O‘J"r"s\
- 3 Z s. _s_0O_ | .
kel T Tref
s s 07 |
O.J»\I,S °‘“~.-"' s
| | 0 s 1
5 —— & 4+
@ H W+ -+ +
= \Fe'“(5=ﬂ2) Fe”(S=2]/
}
m
v LT phase
= C: Fell(S=0), D: Fe'l(S=5/2)
i)
& (a2 40
T 8 s}
s | s _o_ | _
kel | re
y vk
74 &7
— — & 4+ 4+
HHHu4+4+4+

\Fe"[S =0) Fels=52)/

Velocity (mm s')

Fig. 1. ’Fe Mdssbauer spectra for (n-CnHan+1)sN[Fe''Fe''l(dto)s;] (n = 3 - 6) at 200 K, 77 K and 4
K. A: Felll(S = 1/2), B: Fe''(S = 2), C: Fe'l(S = 0), D: Fe''(S = 5/2).[2]
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Fig. 2. Schematic representation of the charge transfer phase transition (CTPT) in
(n-C3H7)sN[Fe"Fe'''(dto)s;].
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Fig. 3. (a) Mixing ratio between LTP and HTP at 77 K Black and white areas are the LTP and
HTP fractions, respectively. (b, ¢) Relation between the LTP fraction at 77 K and the cell

parameters at room temperature [5].
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Fig. 4. Schematic representation of spiropyran and [Fe''Fe'(dto)s]
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Fig. 5. Temperature dependence of the magnetization for (SP-Me)[Fe''Fe!"'(dto)s;] before and
after the UV light irradiation (350 nm with half width of 10 nm, 40 mW c¢m™) for 4 h at room
temperature. FCM: field cooled magnetization, RM: remnant magnetization, ZFCM: zero-field

cooled magnetization.
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Fig. 6. 5’Fe Mssbauer spectra of (SP-Me)[Fe!'Fe!'l(dto)s] at 6 K before and after UV light
irradiation (350 nm with half width of 10 nm, 40 mW cm2) for 3 h at 300 K [8].
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0 0 [}
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Fig. 7. Temperature dependence of the magnetization for (SP-R)[Fe''Fe!'(dto)s;] (R = Me, Et, Pr)
synthesized by MeOH/H,0O and MeOH solvents. FCM: field cooled magnetization, RM: remnant

magnetization, ZFCM: zero-field cooled magnetization [9].
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UED X1z, BAITHEMES FTHIA R E T V244 & L THEALZNL
R R RE - HEREE A S5 R (SP-Me)[Fe'"Fe'!(dto);]IZ 3\ T, (SP-Me)[Fe""Fe'"(dto);]IZ %k 4+
a2 LI E 0 SP DI RMEALZ ST & L T [Fe''Fe''(dto)s] & T & fir £ B) A 5 %
DD ELEZAANG Y =S RIBEICEVFERAT LI ENTE, TR EILICEMRS
F 570, FRRICRT SP-R (R = Me, Et, Pr)% [Fe"Fe"'(dto);] D J& M4 A L 7= e s & e A
B - RS A 85 R (SP-R)[Fel'Fe'l(dto); 1 & & Ak L. & O efb = I X O b 0 IR IR 71 %
Ry

Scheme 1. Molecular structure of SP-R (R = Me, Et, Pr)

(SP-Me)[Fel'Fel(dto),]  (SP-Et)[Fe'Fe(dto),]  (SP-Pr)[Fel'Fell(dto),]
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2 097 = 098 \ //‘( Z 098 Il."
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z Z 096 £ f\
= 0.93 i [’—.“E 0.96 1
= 00 = 004 P !
E 0.89 g p— LF\ | “5 .04 U‘\J
& 087 z =
0.83 ] 0o 0.97
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Fig. 8. Temperature dependence of *’Fe Mdssbauer spectrum for (SP-R)[Fe''Fe'''(dto);] (R =
Me, Et, Pr) synthesized by MeOH/H,0 and MeOH solvents [9].
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Fig. 7 \Z(SP-R)[Fe'"Fe'"!(dto)s] D WAk O FE K 7 ME & 7~ 97[9]. Fig. 720 6 672 K 5 1T,
FREPEIR R OIRBE VN IZI SPOEBRE R ICE LIKFE L. TT-ARFFOBBICH L THLEL
<HKAFET 5, T MeOH/H.0 THK L7235 H . R=Me 3 X OV R =Et TI% 2 B[ D iR
B E T, —FH. R=PrClI1EMOBBEEELZRT, BILEOFEHZFHITHLD
L. R=Me CTIXEMBEHERICHES e 2T U U ARBAEROEELIIZHN D DI %t
L. REFERZLICR=EtTIEE AT U ZARHENR N, 1 BEMOMBHEE 2RI R=
PriciWVW T ERICE ATV R FEHNR Y, ZORKEELTZOH, P=73GPallk
T DAL R B L O D IRERFIEZFH - L Z A, R = Bt TIXEMBEHERS 2 Kt
L7 X7 U ZARbRICE N, £, JESIOHRE L HIZ Tc=25K, Tc=8K % X
e U 72 b 8B L. #7212 6.5 K IZ ZECM O K ZF oMM RnEHn-, 2o &
N, HEICEITS R=EtD2EBEOEBEMEZIHEMRICERNTLILOTHY ., &
JETF CTHIZ 6.5 K OMBMEEEENEEMICERNT I LOTHDLZ ENNNhoT-, — .,
R=Pr CIIEN DK E L HIT Te=11 K Z B L2 b3 L #7212 6.5K IZ ZFCM
DK ZFFOBBMEMPENTZ, 2O b, HEICBIT S 11 K OEBEEMLRZ TS
EAICERTA2HDOTHY  &SETTEHNZ 6.5 K OMBEMHEBE N IKIEMICER T H D
ThHZ ENghol,

— )5, B MeOH TAKR L7ZHA. R =Me, Pr Tl 1 BEBE O EMEEERE 2 -+ 0%t
L. R =Et TIEEOICEMBIFHEGEENEZ Y, 2EBOMBIEEENELZ > TWD
EEOND, 2D EEMEND DD IWEE MeOH T4k L 72 (SP-R)[Fe''Fe''(dto);]® 'Fe
AANG T — AT F)L&EFHART[9], Fig. 81X 200K 725 20K £ TD SFe A AN T —
AR FIVTHD, TFe AANT T — A7 MUInBH LR X 52, B MeOH TH
L7728 A. R=Me, Pr CITEIEBMANKRIEE CLENRL TBY ., Z O EIRMENEBNEZ 3
BIETWDHZ L, R =Et TIEMOMICEMBEHEERNEZ 2700, 2 BFEO MM
B AL L TCWVWD I ENyhol=, (SP-R)[Fe'"Fe'(dto):]IC B 1) 2 itz B L OV
MIBEFHEEE S SP OEHMIE R ICE LKA L. ELLARFOEEICK L THE L KLF
TOHZLEZMATHICITEMBROEGRE B XBEESHETALETHY, 5% ORHE
ThbH,

4. K

BN TR Ay 7 a 24— N—EIRICH HIRA R FMHERTIEZ, REAROBEHT X
NE—NROGLZEICZRD LAY EEMPEE) LTI Z 58 LW OB TSR
M ah b5, FEBE. T x i3, mEMEZ T SRS R MK
(n-CyHan+1)aN[Fe"Fe'''(dto)s](dto = C20:8:) ICB W T=EE N HIEEZ FIF Cpl &, Z oW
BENERETHDICHLBROLTETA Fe' 205 Fe' IC—FICHEMB B9 5 & i & 8 1 i
BrAARNTT =X THLNMNI L, £/, REBHEES T THIAEYBE T U ExtA
F e LTEANLLISEMEAH - BEEEHES 85K (SP-Me)[Fe'"Fe'''(dto)s] (SP = spiropyran)
WCBWT, A NERE T2 L1250, SP-Me OB ML Z BN & L CT[Fe'"Fe'''(dto)s]
JE CEMBEIMMHBBE N D Z L2 AANTD T —SHICLOVHLNITHIENTE,
F 72, (SP-R)[Fe'"Fe!'l(dto):]IC ¥ 1 B MR B B L ONEM B EBAMHERE S SP oL R
WELLIKGFL, FLAREORBICH L THLEFELIIKGFT DI EN G2, £0
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Chemical Classification of Chondrites by Mdssbauer Spectroscopy

SRR E R BRKET?, HEKBET®

B ERE ' EHRYE A BHER S, WERERE S
M. Nakagawa', W. Sato'?, N. Shirai® , and M. Ebihara®
!Grad. School Nat. Sci. Tech., Kanazawa Univ.,
Inst. Sci. Eng., Kanazawa Univ.,

3Grad. School Sci. Eng., Tokyo Metropolitan Univ.

. [FLHIC

2y FT 4 MEAIIKRERAEMFFORRIEKORELRAFAL TEY . ZOBEAZMAT 5 FM0 7T
FOOEOTHDHENT, FERIROAEFKIEIEICIN U TR REWEE L 5, TDizHa L K74 MA
AR OB EIDOWEIL, BREZI B BRELND ETCREEE TH D, AL TIL SFe A
AN T =3 EE AW T, SEMRAR D R Dkk 2 7p 2 R A4 MEAPOSKOIREFENT 21T - 72,
AZANG T =53 615E 1 Fe OB AREEICE L TREBERAENFTRETH 0 | B2 ERKREBO £ £
#m%f@mf%ékwaﬂﬁﬂ&éo:@ﬂﬂ%%ﬂb ay R7 4 MEATOSEHEIM DM
m%#mﬁfﬂmﬁétw@ﬁt&m%% ﬁﬁmﬁi%ﬁﬁbton/h74%h5®m%m“
BT R R OB LIZETC R A XM L TWD EEbil, = AZZ A har K74k (B),

W2 K74 (H, L, u) RFEEHa FT7A4 K (C) I/ NV—T0FEhb, it\ﬁbw9
ATELTRAVETIA M KAV RIS FbWESNTND, ZORBEIE—RINC LRz L
EROWTTOIDD, AANT T —=5HEOHRZRHNTIT) 2 LN TEIIE, EERBA DMK E
705 L EEITZADTZOIEFITAERTHDH L2 D,

2. FEBR
HEREIO 2> RT A4 MNEAO—E % Table.1 (1275 Lz, HARKIZ L7 Table.1 HIEH0EH
S IEF L 100~200 mg (2D TBEA STFe 2 A 7 — /3RS L Y (Bt & 508
IR CHIE L7z, Saratov, Allende (22Tl 6 K TOIRIRMAIE &1T- 2 S
7o BRI 75 MBq @ S'Co (Rh HIZ/ B S H7-b D) ZfH L, S 541 [Saratov L4
T AT M VL aFe DEIR AT MUIZ X VEIEEZ{T > 7, MILO7710 L4
ALH76009 L6
3. g & HEER Allende Cv3
WHEa N4 N LIZOFE IS Saratov D A AN T — A7 KL MIL091010 V3
%Z Fig 1 l[IR LT, oA RENLDOLE LT, 7 BIESEHTH D _
Murchison CM2
Olivine ( (Fe, Mg)»SiO4). Pyroxene ( (Fe,Mg,Ca)SiO;) (Z)F)E 415
PCA91002 R3.8-5
doublet B DB STz, ZALD OFMIZIT Fe R FDA DR A B
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P 2RGET D120, B2 TTA T 427 o
ATo77. TR Z T2 D0 sextet oy HELH X 100
L, K37 A—H D Troilite (FeS ) & Fe-Ni (27 )&

SNz, ZTHBIiE—EMicary R4 MEAICE E
NHIMTH Y, Saratov & [FARICE @ KT 1 b
T& 5 MIL07710, ALH76009 (23T H &8 < h 5
7o THUHDRSTICHINZ T, Fe**d doublet k47 & 8l %4
B SH7=, ZAUZDUVT M.LOshtrakh S[1]1%. KR el
THIE 24T X ITRER A B % A U AE T 5 & -
WARTND, &2 TAIFEEIZEB N T 6 K TORIR
HWE BT TeN, AT MVEREREEIM L7 6 DD
BT8R ST, S DOREITITE 7220
S7c. Fe DRI IIBAEAE RS 6 K LT Th 28 i , , . |
o, Wt E L2 WIEIICHE R T 5 B2 b5, i i Ve]ocit:{mm;’s} 2 ‘

IRFEEa FT74 b CM IZ45FE &5 Murchison
DERICEIT B A AN T =2~ kL% Fig2 |5 Figl Saratov DAASRTT—ART TV
L7z, Olivine, Fe* D532 T, §=0.30(2)
mm/s, AEq=0.70(5) mm/s &9 /NT A —F & FFD
doublet A7 7% 26.3 (8)%BLll S 4172, 12 Db B
2 X BHEAHFZE[211C & ¥ . Murchison I3 bEk % &
BHLTWDZERHEHLNIR>THBICHEDL L

LFEa NI A MRFEIUKRFEE2 S RTA T { _
5 CV ZA 7D Allende. MIL091010 (2B VTR Velocity (mm/s)
7z, Troilite IZIRIE S5 sextet o7 B S 4172
Mnol=, X o THALSAFEMN Troilite & 1XE 72 28 %

LTS & PRI L, 23T A—F )5 Z O doublet i3 1L Pyrite (FeS,) ThDHEHEZ B

5o —HRENIZa L R T4 MEAFORALERE Troilite & L THTHT D Z ERMBNTNDTZD,
Pyrite DIFEIZCM 22 RT7 A4 FORERFFETHDL EEA2 D, REIRFEa L RFA4 hOoHT
TN—TaTDHIEICHRILOEEZEZIOLND,

AWGETIT -T2 T DDAy K7 A MEAD A AN T =53 H1E L. BERO A AT 7 —43
ST L D ST (ex.[3][4]) &b &I, HilzZe =z KT 4 MEADOLFRISTEIEIC DWW TRET
%o, —RENC, SRR O BR BT B B LIR T EICF SV T, Olivine, Pyroxene 72 & /47
A BRHSEIC, Fer e g TRLAISEM) ) L IFIEh T Y | Troilite X° Pyrite 72 & ORE(LAE
). FeNi7¢ EO&RBIEMIT HEITCHOTY | LI TWD, AANRTT —AXT MBI 54
ORI, T2 Fe JRFEIZ DWW T, BRENCER(ERVSE O-& 5, Mt E chiiy O &
tarrmy Nl 2 A, Fig3 lIOndHBZGE, KENTIEIH LN, 2 NT74 MNEAOFSE
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96 -

Transmission (%)

99
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97 |

Transmission {%)

9% |
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Fig.2 Murchison ® A AN 77— A7 [)L
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M ENTEY | ALFRY D A HE
PEa RET DRERP GO, L LK
FEI LV FIA MOV TIRIESEN
K&EL, oZ AL 7DH 0L DOXBINK
HWThDLZ N nD, £ T, WITH
(2 Olivine, #f#H|iZ Pyroxene @ Fe JF -
Btz 7v v Lz (Figd), Emar
K74 FTdHDHH, L, LL ¥ A 7 Ti&,
Fe |3 Olivine & Pyroxene & H H1ZH %<
DAL TWDZ ENFND, UKL
TZUAZ AL Far RTA b, RFEH
2 RI74 h, Rary K74 ME, Fe i
Pyroxene FIZIZ & A EFEN TV RN
DffE EAHTIc T ey hEivd, O
BIlCL D, Tila s R74 hEeEZDfho
A TDay R4 NEHBIZXKET 5
ZEMWTED, LIPLE, C. R¥ATD
SYFRITEE LoD IRIFAEENIC FeNi, it
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DAL TNDZ ENSND, ZIUTK
LIRFEEHEART7A4 M, R T A b
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A®Er~Tm

MLR AV FIA MIFERITELWAATOLOTHD | BEITA AR T —43 58031 T i

TR T2UNTZ

DEIZOWTCiEm T D ONEE LV, ARAFZE THIE 21T - 72 PCA91002 (225U T

I, CVEATDOHEDE AT MARIEFIZEEULTEY, ZhbDBECBWTHREE T
K74 FEDXBNIREETH 72, F/o, FH=2 F7 4 FH, L, LL Z A 7 O53FEIZ DN T
. Fig3 lZBWTKENRBEMITAOND OO, FMEIZKBIT 2 Z LI TE RV, LD
FEEZHCTORETH L Z RN TEY . AARNY T ka2 & DIk 2 7 E %217
WV, REMICHI T 2 ERH D EBEZDND,
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4. F& 9

AKWFZETIZT DD KT A FMEAIZDOWT A AN T —73 W IEZITV, Fe O & i~
Teo ZOREREZISH L, AANRNTT =00 EOHB AW TCHBIETITO I Z D TELa L FIA
NEA DL PRI SRIEOMNLE B Lo, SO AT MLV ORST ?ﬁb%Fﬂ??ﬁ%
DWT, BRI LRI OB A 7 r y F LTc & 2T A, ALFERISEO AR Z R 5
FER NGB 72, Olivine & Pyroxene DAHEEN G, il KT A Fk%@ﬂﬁ@:ﬁ/l\74’ % BA
FEZT D Z LR TE, FeNifHE FeSHDOMHBENL, = AZ XA ha R7 4 FERBH=
R4 FNERIEZIR AV RTIA N2 ITAHZENTESL, LOULRFEIV RIA MERIALURT
A NPT HZ EIFBIRFACIERETH 72, FoFHa L RTA4 MTOWTH, H\IEAS
NHb0OD, Hy L, LL Z A 7RI ET 22 LITRETH D | Rx RIIEEZ D TREN

WKW T 2 ERNHDH EEZDND, RIEOFIMELZHZET D720IC, A% b EHEa L T
A4 MEAZHEL TV FETH D,

25 3K

[1] M. 1. Oshtrakh et al. Meteoritics & Planetary Science 43, 941-958 (2008).
[2] E. Jarosewich et al. Meteoritics 25, 323-337 (1990).

[3] R. Hochleitner et al. Meteoritics & Planetary Science 39, 1643-1648 (2004).
[4] R.B.Scorzelli et al. Hyperfine Interaction 83, 473-477 (1994).
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Observation of Vacancy-Hydrogen Complexes and Vacancy-Type Defects in ZnO
by Positron Annihilation Lifetime Spectroscopy

SRARFEER'. ERREL 2 BRAFH?

BKGLE ', LBy 2 =R, BERD . BHEGIES. REER S
H. Shimizu', W. Sato!2, M. Mihara3, T. Fujisawa!, M. Fukuda3, and K. Matsuta?
'Graduate School of Natural Science and Technology, Kanazawa Univ.
*Institute of Science and Engineering, Kanazawa Univ.

3Department of Physics, Osaka Univ.

1. [ZFL®IZ

At 80 (ZnO) L, BIBICHB W T 3.4eVDIEWARAY RE vy v 72 FHOYEEKYE T
D, ZOHMHDED, BREAFT— R EOMEET S ZA~DIGHARHHEIL T
Lo LML L, RN—7ICHHEbLLT, MEZEALLREOBEAK KM AR MY T
FICEY nWREEEZRT O, BEET XA ADHO p Bl Zn0 OB IZE W TK
TREELRS>TWVWS, ZOERKRD —>L L TARMMAKIENEZT NS, Rk HE
X ZnO OFERKEOBECIRATIEEbNTEY, 72, 2742 Ed 03 at%b &
T2 orWELH D[], 6, BRmsrHEICL D &, RHiKFEICEET D K
D= NLF—1F, FFT—¢E LTHE57T 2% ZnO OEH KK TH 5 ke F2E ALK 1
e EVIEWTED, R AKFZEORF—LLTOFFGEFERENVEEZLND[2,3], F
oo R AKFITH TR EBEGEREER L, WMEE RIFICE( S 5 e 5
ENTWVWD, ZZCT.AHETIE,. ZDO—D2>THDHHEIZEIL(Vzn) - KEBEH ARV + nH)
WHEHB L, Vald ZnOHR TT7 7872 — L LTIERLIEN, £, mEEMELEEET S
EHEBMINTVWAIRBHMAR—T e P LERh0ErEEREAXRMTH H[4], L
Ll b, R KFED Ve DEFICHFEIET DA Voo + nH ITBEEIZTERL S 4L, Vi
DT 7T H—LLTOMEERMFEIENDIEEDLNTWVWD[5], ZNE TV + nH OFF
FIZOoONWTHZLMEINTELEN, TOBALREHICET I IERITIETE+HD TiEewn,
ZDH, HiFET ZnO OMHEFEM L AWM KFZEOEEREEZBRTICHZ D | Ve +nH
DEZEMIZET 2MAITIVLERAARTH D,

AW TIEMET O ERELBRGOREZFEMT 5720, BE FIHBEEM DN
HEMPALS)Z T L72[6]l, BEFIIMETOEF L FMIRT 2. TOHEMITHERYT A
NOBEFEEICKAST D, rHEBRERKRL T, EARKEOEFEEIFEKNZD,
EHRRGIZB T L2GETFHEMIIES D, 0D, BEFFHFmd b 2R KGO
REESEHETE, 2, TOHERBRBENOZEZHLRELZFMTE S, S5, BET
A A OELBIOEBEBRHFTHERZEZILICRELLT WD, ZOHEAS Zno H
D Vo  FERMICBIETE D,

AMFFE O HHJIEZPALSIZ LD ZnOF D Va ICHiE SN T AWM KFE OB 28 28] 6
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MIZTHZETHD, T2 T Va+nHOZFEBORHMALEZ B E LT, FEMEZICE
D ZnO Wil ' H' 2 BRE L=, 0%, 7 =—1U 72X Vi + nH OB 2
B &2 B L 72,

2. EB

ZnO D Vyy + nH OF 8 2 AFEICBLI T 5 725, KKK @ Van de Graaff Il 2512
XV 3.5MeV O 'H % KEA K ZnO HAEMR0 . 10 x 0.5 mm)ITHRHE L, R KFED
RATEEZHE NS Y-, FFEa—FTRIM XV, 'HOREIZH 44 £3 pm & BEL S
N 7-[7]e PALS HIEIZI1EK 500 kBq @ 22Na Z IR & L CTH ., fast-slow [A] B & % 5] ¥
WEVWHEESNT, MEOED, 5572 PALS AT RV ZENILT R Vg EDO/NE
WZEILAREE RO ZRICEB T 25 %E FIE 2 BT L 7= k% (Component 1), %2 4L
7T AL =R LM E MR EBE LK H M (Component 2)F X Vi B K T
ERINTZEEZLNDARY bu =7 ADJHPAK S (Component 3)D 3 A/ (257 L |
KD DOEFHm(n, n, )& KoM E(, L, )& &7, L2 L7225, Component 3
DR BREIXIEFICNEL, £, ZORD T 74 v T 407 0#EELE, Mxzbn T
WD, @RS E LRV, Vi + nH OB EE 2 B8+ 25 720, BREREHIC
393-1,773 K OEEHH THELKEHA T, 1 EOSRE T ==Y 7 &7, Bk, =
. T PALS #l & 21T » 7=,

3. MR L EE

MO HBHOEEBICOWTHER T D720, 'HBRHEAT%O Zn0 HiEE» 5860
72 PALS AX7 hV % Fig. 1 IR T, T LV BoNT-EEMRD EEEMR D EZZN
TIEREHBBE TR L, ' HEBHATORE L VS5 PALS A2 b EFHF4am
DGO EOGEFHFmMITZnO WHERICZED Ve BFEET H T L2 LT,
'HHH#%, EEMKONHBE L2 00, MRICLDELI TAZ —DEN RS
Nl L Leans, BTk =R Rx
a2 SN 7Iic b o 63, o 28 200(1)
ps 705 161(15) ps (2 L7z Z 1T IR I
BLORVE VY, Z O ITBE S TH D Vi 105
I, HERPER I Z & 2T
mLTWb, £/, B@mitA LV EBR I
7= Vzn + 2H T D5 E F FF 1 (17,4 on = 156 ps)
WV TH 5728, EEAE O AR HY KR
ERFLTVWLIEGHRBLEET 2L BN 10°
H[le 2TOZENDL, HEHIZED | Vzn+

106

® PALS spectra

Component 1

= === Component 2

Counts/channel
=
2

_ (7
nH O B 3 R & v ie, B e
_ YE RE 42 < K — 102 —
393-1,773 K DR EHiPH THREF T = — /b 05 0 05 1 15 2 23 3 as

WUBR X 7z THY B S 7% O ZnO B PALS
° 7= - RE. 5= 2

7\/\7\ DO RS EE' 7 i L & Fig. 1 PALS spectra for single crystal ZnO
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Fig. 1. Positron implantation profiles in silicon

calculated for different incident positron energies.
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Abstract

The beta-detected nuclear magnetic resonance (B-NMR) in liquid H,O has been observed using a short-lived
B-ray emitter >N (I™ =17, Ti» = 11ms). A nuclear spin polarized 2N beam with an energy of about 20
MeV/nucleon was implanted into an enclosed water sample. About 50% of implanted >N ions maintained
nuclear polarization and exhibited a B-NMR spectrum. Thus the chemical shift of 2N in H,O relative to N
in Pt was deduced to be —(3.6 + 0.5) x10?ppm. The longitudinal spin relaxation rate 1/7; has exhibited
external magnetic field dependence, implying the relatively slow motion for HoO molecules with the

correlation time in the order of ~107 s.
1. Introduction

So far, the B-NMR technique has been adopted mostly for use in solid materials. However, in some case, we
expect that the NMR detection in liquid samples is easier than in solid ones even with the B-NMR technique
as in the case of the conventional NMR, since the fast motion of molecules in solution averages the internal
field distribution, resulting in narrowing of NMR lines. Recently, Gottberg et al. carried out the f-NMR in
ionic liquid at ISOLDE-CERN using a low energy 3!Mg beam implanted into an ionic liquid material,
1-ethyl-3-methyl-imidazolium acetate (EMIM-Ac).[1] Another promising way to realize the detection of
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B-NMR in liquid is using a high energy beam that can penetrate a thick window. In the present study, we
have performed the B-NMR of short-lived B-ray emitter >’N( / ™ = 1*; Ti» = 11ms) in H,O, using a spin
polarized "N beam with high energy enough to make it possible to use an enclosed sample placed in the

atmosphere.
2. Experimental

The experiment was performed by using Heavy lon Accelerator in Chiba (HIMAC) at National Institute of
Radiological Sciences (NIRS). The experimental method and the previous works on the B-NMR of N in
H,O are described in ref. [2, 3,4]. A spin polarized >N secondary beam was produced through the p('’C,
’N)n reaction using a 70 MeV/nucleon '?C beam provided by the synchrotron at HIMAC and a 1.2-mm CH,
target as a proton target. The >N nuclear spin polarization of about 9% is generated through this reaction by
selecting the emerging angle at . = 1°+0.5° [2]. The '°N nuclei were separated using the secondary beam
course (SB2) [5], which provided the polarized >N beam at 62 MeV/nucleon with the energy spread of 3.0%.
Thus the obtained >N nuclei were implanted into a liquid H>O sample through a set of wedge degraders
which are wedge shaped acrylic plates and a 1 mm thick Al plate as shown in Fig. 1-(a) to adjust the
implantation depth. The schematic drawing of the sample holder is shown in Fig. 1-(b). Distilled water was
used as a sample and its thickness was 2 mm, which was enclosed in a Cu holder with a 70 um thick kapton
window.

An external magnetic field Bex = 0.5 or 1 T was applied for the NMR and RF magnetic field B, which is
perpendicular to Bex was applied by an RF coil to induce NMR. Since the incident 2N beam is slightly
deflected by Bex, we adjusted its horizontal position correctly by using dipole and steering magnets of the
secondary beam line. The B-rays were
detected with two sets of plastic  (a) i v

counter telescopes which were placed L—/\L T it Window
Magnet pole |: (Al 0.1mm)

above and below the sample. The %)

Vacuum
ext

B rays RF coil

NMR effect was detected by using the  B-counter

telescopes sample | B, ’ >N Beam
asymmetric P-ray distribution from N A R— B-counters
spin polarized nuclei. A pulsed beam (@ Hsgn:!ﬂ; i?sffn:r
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sample, we adjusted the wedge degrader thickness d by measuring the B-ray yield v.s. d as shown in Fig. 2.
At around d = 200220 mg/cm?, the B-ray yield steeply decreases with increasing d, where the "N beam
stops at around the front face of the sample. The shape of the slope reflects the energy distribution of °N
from which we estimated the range spread at about 0.35 mm. Finally, we determined d = 104 mg/cm? where
the N energy just before the sample becomes about 20 MeV/nucleon and the center of the 'N range

distribution moves by nearly 1 mm from the front face. Then, the >N beam could be stopped in the middle of

the H>O sample.
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3. Results and discussion

3.1 Spectra of '*N in H,O

We have successfully measured the NMR spectra of N in H,O at 25 °C under Bexy = 0.5 T and 1 T by
applying monochromatic RF field B, as shown in Fig. 3 together with N in Pt which we also measured this
time. In the horizontal axis, the RF frequency v is indicated by the difference Av from the center of the NMR
line vp for 1°N in Pt. Since the polarization observed in HO was (4.4 + 0.2)% at full effect by applying B,
with frequency modulation of + 5 kHz and that in Pt was (9.1 £ 0.5)%, we could observe the NMR of °N in
H,O at 25 °C for about 50% of implanted '°N ions. Here, we note that relatively small amplitudes of the
NMR spectra in Fig. 3 compared to the full effect are due to the relatively weak yB) to the line width dw,
where y = 27 x 3484 kHz/T is the gyromagnetic ratio for ’N. The NMR lines in H,O exhibit 4w = ~5 kHz
FWHM which is broader than those in Pt. It may be due to the quadrupole interaction of N in H,O, while
no electric field gradient exists in Pt because of the face center cubic (fcc) symmetry in the crystal structure.
The observed line width in H,O is probably attributed to the averaging of the quadrupole splitting due to the

fast motion in H>O, as in the case of the *N (/ = 1) NMR in solution which sometimes indicates relatively

wide line widths in the order of kHz [6].
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Fig. 3 The B-NMR spectra of >N in H>O and Pt at 25°C under external Bex = 0.5 Tand 1 T.
The monochromatic RF with the field B; =3 x 10* T for H,O, and B; =2 x 107 T for Pt
were applied. The NMR line widths Aw/27 (FWHM) for each spectrum are indicated.

3.2 Chemical Shift of '*N in H,O

To derive the chemical shift of '*N in H,O relative to '*N in Pt, the center frequencies for each spectrum in
Fig. 3 were deduced by the y*-fitting with Gaussian and Lorentzian functions to the data and the fitting
function dependence was considered within the error of center frequencies. Here, the definition of the
chemical shift in the sample A with respect to the reference sample B is defined as da.s = (va —vs) / vB. As a
result, the chemical shifts di.0-p were deduced to be —(3.5 + 1.8) x 10*ppm at Bex = 0.5 T and —(3.6 + 0.5) x
10%ppm at 1 T. Since these two values are consistent, we took the average and di.o.pt = —(3.6 + 0.5) x 10*ppm
was deduced. In order to discuss the chemical state of '*N implanted into H>O, it is necessary to compare the
present result to the chemical shifts of various nitrogen compounds measured by conventional NMR that are
generally displayed with respect to liquid ammonia NHjs as reference [7]. To deduce dm.0-xH3, We measured
B-NMR of N in a hexagonal (h-) GaN powder sample whose chemical shift is already known by the N
NMR [8]. Since h-GaN generates the quadrupole splitting for >N due to 7 = 1, the double-quantum transition
spectrum was measured as shown in Fig. 4 and the chemical shift of >N in h-GaN relative to in Pt, dgan-pt =
—(8.1 £ 0.5) x 10’ppm was deduced. Combining dgax-pt and dio-pi, Wwe could obtain Jio-gan = (4.6 + 0.6) X
10’ppm. Here, when we assume that implanted >N into h-GaN reside in the substitutional site, the chemical
shift of "N for h-GaN can be replaced to that of >N in h-GaN. Under this assumption the chemical shift of
2N in H>O with respect to liquid ammonia dmo-nms = (5.3 £ 0.6) x 10’ppm is deduced by using dgannms =
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74.45ppm for N [8,9,10]. Here, we assumed the Ga(NOs)s solution has the same chemical shift as AI(NO3)3
since Al and Ga are in the same chemical family [9]. Figure 5 displays chemical shifts of >N in H,O and
some nitrogen compounds containing H or O atoms which are possible to be formed by implanted '°N ions
into H>O. It shows that the chemical shift of implanted '°N is different from that of any other compound, and
it implies that the implanted >N forms the different chemical state from anything we have already known. To
verify the assumption about the >N site in h-GaN, measurement of the quadrupole coupling constant for N
in h-GaN by means of the B-ray detected nuclear quadrupole resonance (B-NQR) technique are in progress to

compare with that for "N [11].

8 R S B e T
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2 't
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§ gh eI g Fig. 4 The B-NMR spectra of '*N in
E“ ‘ * * h-GaN and Pt under external Bexx =1 T.
= E: =
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- E ]
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E | 3 . .
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| 3 ﬁ * 3 widths 4w/2x (FWHM) for each spectrum
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Fig. 5 Chemical shifts of >N in H,O by detecting B-NMR and some nitrogen
compounds by conventional NMR with respect to liquid ammonia. That of "*N in

h-GaN is calculated by using data in ref. [8, 9, 10] and the other data is in ref. [10].
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3.3 Longitudinal Relaxation Rate 1/7 for '*N in H,O

Figure 6 shows the time dependence of polarization for
2N in H,O at 25°C under Bex = 0.5 T and 1 T. The
longitudinal relaxation rate 1/7; were deduced to be
(52.4 £ 6.0) s at 0.5 T and (16.7 = 6.0) s'at 1 T,
which indicates a significant difference between two
fields. The relaxation might be attributed to the
fluctuation of internal fields which caused by the
motion, and the B dependent relaxation rate suggests
the correlation time for the motion is similar or longer
than 1/wo = ~ 107 s where wy is the Larmor frequency
which is 2z x 3484 kHz at Bexe = 1 T. The correlation
time of free water is widely known as ~1072s [12] and
that between 2N and H,O is much longer than it. It
means that the existence of "N somehow locally
prevents the fast motion of H>O molecules. To measure
the precise correlation time, we have to perform further

experiments to measure the temperature dependence of
1/T.

3.4 Future Prospect
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80
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Fig. 6 Time dependence of polarization spectra
for N in H>O at 25°C under

Bexi=0.5 and 1 T, and B-ray yield and the

incoming 2N at that time.

In the present work, we have succeeded observing B-NMR in liquid H>O clearly. Using our technique, it

would enable us to study the behavior of isolated atoms or ions in liquid, and perhaps it may be extended to

searching for exotic chemical states that cannot be created by natural chemical reactions. In addition, the

B-NMR in liquid would be useful for the nuclear physics as a new powerful tool to measure the magnetic

moment of unstable nuclei.
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Beta-NMR of ®Li in Li-ion Battery Materials
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Fig. 1. Schematic drawing of the experimental setup for the f-NMR
of 8Li in LLZ at the Van de Graff facility in Osaka University.
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Fig. 5. Typical longitudinal relaxation spectra of 3Li nuclear spin in cubic LLZ at an external magnetic field By =
0.228 T.
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1. INTRODUCTION

It is well known that fluorine doped tin oxide (FTO) is so superior to tin oxide (SnO) as a
transparent and electric conductive film with heating resistance. FTO film can be applied to solar sell
devices and hydrogen generation electrodes for photocatalysis, whereas SnO, has been used as various
gas sensors by adding catalysts because SnQO; is sensitive to flammable gas over room temperature (RT)
because the electric conductivity of SnO; changes easily by reacting the oxygen of SnO; with flammable
gas [1, 2]. The H, gas sensing mechanism of SnO,, Mn and Ni doped SnO» with Pd catalysis were studied
by "Sn conversion electron Méssbauer spectrometry (CEMS) [3].

Recently, the semiconductors with a wide band gap are expected to show RT ferromagnetism as
spintronics materials by magnetic ion doping [4]. Fe-doped SnO thin films showed the RT
ferromagnetism [5]. In order to explain the ferromagnetism observed in SnO,, Coey and co-workers
developed the model of charge-transfer based dilute ferromagnetic [6, 7]. Some powders of sol-gel
synthesized Fe doped SnO; also showed the RT ferromagnetism of non-precipitated magnetic materials
[8].

When SnO, films were implanted with *’Fe at substrate temperatures of RT and 300°C [9], the
implanted Fe species existed as Fe(Il) and Fe(IIl) in SnO; films, whereas a part of Sn(IV) in SnO; film
was reduced to Sn(II) in the implanted surface. The implanted sample at RT and the post-annealed sample
at 500°C did not show any Kerr effect, but the sample implanted with 1X10!7 Fe ions/cm? at substrate
temperature of 300°C showed Kerr effect although magnetic sextets were not clearly observed in the ’Fe
CEMS spectra. The Kerr effect disappeared after annealing. It suggests that the number of magnetic
defects produced by ion implantation decreases by annealing. In the case of SnO, film implanted with 5 X
10' Fe ions/cm? at RT, a small intensity of magnetic relaxation peaks appeared in Fe CEMS spectra. It is
worth to note that the magnetic relaxation peaks appear easily at low dose of *’Fe ion implantation. It
suggests that the dilute magnetism is related with defects between Fe** ions.

However, in the case of Fe implanted SnO» film at the substrate temperature of 500°C, the clusters of
magnetite precipitated was clearly detected by *’Fe CEMS [10]. Thus the magnetic origins of Fe doped
SnO, based semiconductors are divided into two categories: Fe species incorporated into crystal SnO;
lattice and magnetic materials precipitated at relatively high temperatures. The dilute magnetism of >'Fe
doped SnO; by depending on the preparation conditions were reviewed [11].

The structural, magnetic, and hyperfine properties of Fe-doped SnO; for different concentrations and
distributions of the Fe atoms and oxygen vacancies in the rutile SnO; host has been studied by ab initio
calculations [12]. The ab initio calculations showed that two Fe ions sharing an oxygen vacancy are
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coupled ferromagnetically, forming a bound magnetic polaron (BMP), and that two neighbor BMPs are
aligned antiparallel to each other. Electron doping plays a fundamental role mediating the magnetic
coupling between the BMP inducing ferromagnetic alignment between the BMPs.

On the other hand, Fe is incorporated as Fe*" state in pure tin oxide (SnO,) [13], but is of particular
importance to identify whether doping can be used to manipulate the charge states of Fe in Fe-doped
SnOs,. It is also important to study as dilute Fe probe on the different properties between FTO and SnO; as
described above. We have measured the online >’Mn emission Mdssbauer spectroscopy (eMS) spectra of
SnO; film doped with extremely dilute concentrations of Fe (~5x10* at.%) [14].

Here we show eMS results of fluorine doped SnO, (FTO) by implantation of ’Mn, and clarify the
difference of SnO, and FTO films doped with extremely dilute concentrations of Fe (~4x10* at.%).

2. EXPERIMENTAL

In this experiment, FTO coated substrate glasses (1mm in thickness) (Solaronix co.) were used for
implantation of *’Mn. The electric resistance of FTO filmis 10 Q/lcm sq.

Beams of >’Mn (T = 1.45 min.) ions were produced at the ISOLDE facility at CERN by 1.4 GeV
proton-induced fission in a heated UCx target, selected by laser ionization [15], and accelerated to 50 keV.
The 3'Mn ions were implanted into FTO sample heated from the backside with a halogen lamp. Around
10'2 S’Mn/cm? were implanted, corresponding to local concentration of about 4x10* at.%. Implantation
took place at 30° relative to the sample surface normal and eMS spectra were measured at 60° emission
angle relative to the sample surface normal with a Parallel Plate Avalanche Detector (PPAD) equipped
with stainless steel electrode enriched in *’Fe [16]. The system was calibrated relatively to the eMS
spectra of >’Fe in a-Fe at room temperature.

The Mossbauer spectra obtained of FTO (Fig. 1) have been analysed in terms of the same components
used for the analysis of the Mdossbauer spectra of SnO, [14]: A asymmetric doublet labelled Fe(Il)
assigned to high spin Fe**, a symmetric doublet labelled Fex, that was tentatively assigned to interstitial
Fe in [14] and a magnetic hyperfine field distribution assigned to high spin Fe** showing slow
paramagnetic relaxations, analysed in terms of the EmpBT model [17, 18], where the spin-relaxation rate
was assumed to follow a 7> temperature dependence as expected for Raman process in the temperature
range of the data obtained here.

The spectra were analysed using the Vinda program [19]. In the final simultaneous analysis, the
isomer-shift of Fex was set to follow the second order Doppler shift with temperature and temperature
independent linewidth.

3. RESULTS

Mn-57 eMS spectra are shown in Fig. 1. The Gaussian broadening of the left hand leg of Fe(Il) is
larger than of the right hand leg, as evident from the spectrum obtained at room temperature (cf. Fig. 1).
However, due to cross-talk with the Fex component at higher temperatures, it is difficult to evaluate the
asymmetry accurately. In the final analysis, the broadening of the right hand leg was assumed to be
proportional to the broadening of the left hand leg.

The central velocity of the Fe(Il) component (Fig. 2) shows a complicated behaviour. The data
obtained in SnO; below room temperature is consistent with der = 0.885(5) mm/s while the data obtained
above room temperature gives opr = 0.79(2) [14]. The data obtained in FTO, suggests dpr = 0.84(1) mm/s
at RT, while there is a gradual shift of the line towards ot = 1.02(1) mm/s at 713 K. This value is similar
to the value dr= 1.01(1) mm/s obtained by Nomura et al. [9] after 107 ’Fe/cm implantation of SnO»
films and annealing at 500°C.

The transition in SnO; at ~330 K was interpreted as due to dissociation of Mn-Vo pairs as evidenced
by the decrease of Fe?" at this stage [14]. Presumably, the data obtained here in FTO is above this
transition.
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Fig. 4. The additional Gaussian broadening
(subtracting the intrinsic linewidth of the
detector) of the right hand leg of the Fe(Il)
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The quadrupole splitting of Fe(Il) (Fig. 3) is slightly higher in FTO than in SnO,, but in both cases
shows a decrease as expected for temperature dependent population of 3d orbitals as expected for high
spin Fe?'. The line-width of Fe(II) shows non-straight forward behaviour with temperature, rising to ~450
K, thereafter falling to ~0.17 mm/s at 713 K.

The isomer shift of Fex is ort = 0.44(1) mm/s and the quadrupole splitting is temperature independent
in the range from 300 to 713 K with AEq = 1.06(2) mm/s. These values are indistinguishable from those
obtained for the Fex component in SnO,, which had /&t = 0.42 mm/s and quadrupole splitting that
seemed to go from AEq = 1.1(1) mm/s at room temperature to AEq = 0.9(1) mm/s at 711 K [14]. The
additional Gaussian broadening (subtracting the intrinsic linewidth of the detector system) of Fex was
determined Ao = 0.13(1) mm/s, which is higher than that found in SnO,, but still much narrower than that
of Fe(Il). The relative areas of the fitting components in FTO (Fig.5) show completely different behaviour
than previously reported in SnO, [14].

In SnO; film, there was a sharp annealing stage at around 330 K where the area fraction of the Fe(II)
component was lowered, and the area fraction of Fe(Ill) increased. The area fraction of Fex was ~5%
below room temperature, and increased to ~15% at 711 K. The absolute area in FTO shows no features,
and the Debye temperature of 400 K is consistent with Debye model.
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4. DISCUSSION

It is expected that F replacing oxygen atom would behave as a donor [20]. This would stabilize Fe**
over Fe**, which is supported by the data obtained here. At T > 600 K, the area ratio of Fe(II)/Fe(Ill) in
FTO is ~1.4, while it is ~0.2 in SnO; [14].

The temperature dependence of the isomer-shift (Fig. 2) and linewidth (Fig. 4) of the Fe(Il)
component can be explained by the presence of Fe?" in three distinct environments:

Fe?*-Vo: Damage sites characterized by drr = 0.885(5) mm/s, where the 2+ charge state is stabilized
by the presence of oxygen vacancies. This is the dominating site at temperatures below room temperature
in SnOE.+

Fep, : Damage sites that does not anneal above 330 K in SnO», characterized by okt = 0.79(2) mm/s,
the dominating component in FTO around room-temperature.

s . Substitutional high-spin Fe?* characterized by Skt = 1.02(1) mm/s, stabilized by F donors, and

is the site observed at high temperatures in FTO.

2+
Fep

At room tempgrature in FTO, the spectrum is dominated by the , and as the temperature is
+

increased, the S component dominate the spectrum obtained at 713 K. In the middle of the

temperature range, both components are present. This results in broadening due to mismatch of the
hyperfine parameters in the temperature range where the two components are present as shown in Fig. 4.
In Ref.[14], the Fex component was interpreted as due to interstitial Fe owing to the (Er) = 40 eV

recoil imparted on the daughter >"Fe in the B decay of *’Mn despite the fact that the area fraction

increased from ~5% at room temperature to ~14% at ~700 K. In FTO film, the area fraction of Fex
increases to ~33% that is inconsistent with recoil produced interstitial Fe. From Fig.5, it is also considered
that about 10 % of Fe(Il) components change into Fe fraction by oxidation and about 10% parts of the
relaxation Fe(Ill) components change into the paramagnetic parts of Fe(Ill) with the increase of
temperature.

However, the temperature independent quadrupole splitting could suggest low-spin iron species, and
specifically consistent with Fe*" with S=1 state. It is not clear still what could stabilize low spin Fe** state
in FTO.

The intrinsic linewidth of Fe(Ill) seems considerably higher in FTO than in SnO; (compare the RT
spectrum in Fig. 1 to the RT spectrum in Ref. [14]. This could suggest that the Fe(Ill) component in FTO
is stabilized by defects causing broadening of the spectral lines, while defect free FTO contains Fe?*. This
is in accordance with the conclusions above.

The main conclusion of this work is that fluorine doping of tin-oxide gives rise to Fe*" instead of Fe*.
Part of the iron (33% by spectral area at 713 K) is found in different form, possibly as a low spin Fe*".
These findings suggest that it is possible with moderate F doping in SnO; to control the Fe**/Fe** ratio to
test the hypothesis of charge transfer ferromagnetism in SnOs.
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Fig.3 Mossbauer Spectra of
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spectra were measured at

(a) 293 K and (b) 9 K.
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Fig.4 Mo6ssbauer Spectra of
nanopaticles produced by
laser irradiation in water.

The spectra were measured

at (a) 293 K and (b) 9 K.



Table 1 Mossbauer parameters of the spectra shown in Fig. 3.

Table 2 Mossbauer parameters of the spectra shown in Fig. 4.

Component d AEq H I Yields Component 4 AFq H I Yields
nun 57 57 T mun 57 b mm 57 pun s T 1 57 kY
{a) 0000y <0000y 333(0)  043(1) 154 (a) FesOy(A) 0311y 0002y 49701y 043(3) 240
FeQ 14501} 0542y 114 Fe,O, (F 06501 0022y  4506(1) 0844) 528
superparamagnetic 05601y 0.58(1) Lo9(ly 702 superparamagnetic 0.35(2)  0.78(4) 099(6) 232
) L2000 -000(0) 33801y 0411y 13.7 () Fe,0,( 1) 053200 0001y 312000 0.85(2) 70.7
Fe(d L4500 020(1) 3440y 0922} 184 Fe, O, (i ) 07202y -0.14(3) 46.6(2) 1.04(6) 293
FeyOu( 1) 04900y 0.09(1)y 3100y 087(1y 309
Fa,l i 46001y -017(1) 453901y 1492y 370
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FIXRFERICEE L2V REEEZOLNRD,
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=29.4(2) T (11 K)) AH T, WEBES /NS
W T, Z DT A —H — 5 FeqlCs &I
BEND,Fer:Cilx 4 oDV A FBNIFMHET DT
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Fig.5 TEM image of the particles produced by
(a) laser ablation and (b) laser irradiation in

ethanol.
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Fig.6 XRD patterns for particles produced by
(a) laser ablation and (b) laser irradiation in
The labels C and W correspond to

FeO

ethanol.
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FThHN, RERNS, ZNOENHT S LERETH - 72,

N EB B S D R &

WA IZ DWW T, B RICE2HBEOLNHME SN TWVWDHYy -FesC DA XA NTT
—NTA—=H—LiFWMAEZ R LT2[8].y-FesC 1T MR CTLERy-Fe &R U fec &% A
L., ZNICREFEDBALERILBOELZEHTHY, BRPL—F—T 7L —a D
MIREERIS G TER LTEOLEGAEI S, S HIEMAM L2 & TEEITHFIEL
TWbLEEZONS, 2NHORDIEXRD XZ - TR T EEHOEEZ A L
TWhaneEtEXon5b, KIEHEIZEB W T FesC O LB L, FesCs @ K4y b A3
WL TWDDIE, FesC DO =TI /NS WAL FTHDHDOIT, =R T THRE N/
<72V FerCsDE—7 LHEHBRSTWDHEEBEZOND, EEMMEY 7 Ly NMIKEAE
THRLEPSTEZ D, M EEzRERVEERRILETHLZENE LN
%5, Fig8IZ LIO A AN T —2AXY ML&E,R7T, 293K OHIE TIE FesChot® 7 2T

v MBS T Uy RS 24
(D1:/7=0.17(1) mm s, AEq=0.91(1) mm
s7!, D2:/7=0.87(2) mm s!, AEq=1.09(3)
mms!) Ao, 11 K OJE THEM
the 7 RO/PNSVES (D) XX T L
vy hELTAGREZZ ENDL, BEKR
AL THD EEZOND, BEERY
7 hOREWVWEKS (D2) X FeO DA
AR L, 2T XRD NF — b —
B L7, LATHROLNTZRILEED FerCs
RUELZTEF Dy -FesC IX LI TIEA B
P L — P —BREIC LV LER FesC ~
FlelLiz&EZExohbd, £ FeO D 4E
AT B WE O LA 128 W TR 8k A
Aonnwz ens, L—¥F—MHig
WZ B ) =NV FOBBNIOEL T &
Ezobhb,

Table 3 Mossbauer parameters of the spectra shown in Fig. 7.
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Fig.7 Mo6ssbauer Spectra
of nanopaticles produced
by laser ablation in
ethanol. The spectra were

measured at (a) 293 K and
(b) 11 K.

; -1
Velocity / mm s

Fig.8 Mo6ssbauer Spectra

of nanopaticles produced

by laser irradiation in

ethanol. The

spectra

were measured at (a) 293

K and (b) 11 K.

Table 4 Mssbauer parameters of the spectra shown in Fig.8.

Component ] AEqQ H r Tields Component [ AFq H r Yields
nun 5! mm 5! T nun 57! % mms!  mms?t i mm 5! %
(ay FesC 0.18(1) 00001 2111y 062(4) 302 (a) FeC 017(1y  003(2) 201y 0923 700
-Fe 0.15(2)  -0.03(2) 258(2) L19(5) 346 FeO) 087(2)  1.093) 084(7) 0.8
Fe,(; 016(1)  -000(2) 181(2) 0834y 277 amorphious 0.17(1) 0912} 0.37(4) 92
amorphous 0.23(1) 1.00(1) 04733y 75 () FeyC 0.32(1) 0011y 24.4(0)  090(1) 68.0
(b) FeC 032(1)  001(1) 248(6) 070(1) 486 FeO L34()  -054(7) 38.3(2) 1399 235
-Fe, " 0.31(2) 0.01(3)  294(2) 099(7y 200 amorphous 0.31(1)  1.04(1) 0.52(3) 85
Feq(s 0.29(3) 0.04(5) 198(3) 0939y 180
amorplious L31(1) 1.28(2) 0.32(4) 35
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4. &G

WEZ K Z AW E & LA L L CEHRER 24 nm ORI KL 7 & WEEWE N AR L.
ZN 5 iXa-Fe, FeO, B L O#/N72 FesO0, & LTHE LN, AFICHBBEIETCL—W
—JHE T 5 L L1 & L Ca-Fe, FeO gk, #5%/h 72 FesOu 2N EEHE L T — 5B & etk o
Fe;Ou NG b N-, Wiico % ) — &2 vz & X TIXEH R 18 nm D ERIE KL+ & &
EWE N LA & L TARR L, FesC & RAIMMMEE L F 7272 FesCs L y”-FesC & LT
Bohniz, o X ) — LV HICHBBSE LY —BE 325 L LI & L T FerCs.y”-FesC
EWVWo UL EMDORILEEDIE L L, FasC DIt o=, £/, —H#B DR+ 1 FeO (2
et L7z, UEXD, LA LIZXBMLTHIETAZ EICED, LATEL—H—7T7
L—ya VHBOELZEDEOARNPHERTE, LIKXZ2RBHERELZEHBE~DOLE
LR L E o7,
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Production of Copper-Iron Composite Nanoparticles by Chemical Method

RHEARHE ' EEAKY E

PEHES . REAK L, DHRES >, ILHEREE"
N. Nishida', S. Amagasa', Y. Kobayashi** and Y. Yamada'
Faculty of Science, Tokyo University of Science

2The University of Electro-Communications
SRIKEN

1. [FLHIT

7% L IKIRE#kIZa-FeOOH (Goethite), B-FeOOH (Akaganeite), y-FeOOH (Lepidocrocite), §-FeOOH
(Feroxyhyte)Z3F1 HAL TN 5, K2, 8-FeOOH I1THARTIXIZ L A EFEET. GO RETH -
Tol=OWEF D72, 5T, a-, B-. y-FeOOH IS5 %2 773 D12 %t L8-FeOOH D AN 7 =
U it 2R3 7e EIER ICHELRGE O E TH B (1],

— 05 WEVET ) KiF OWFRIFAEES MRL, KT v 77 U NY = 27 A7 EDJSH~OHIR M 6
BEAATHFZE S VTN D, I, 8-FeOOH 7/ KiF-IZBA L TH WL DD 7 /v — 7 5 2 Blds L C
BY ., BEHMEZRT Z &SRB~ DI O RTREM: &2 88 L TV 5 [2,3],

I BT, S RIS R EES S ETEE T /R b URTL VFER ST\ 5b, £
FEBEEGIED I LICEDBMEOENL, N Ry v 7O CICHE» L bEETH D, fi
ZATHEBRDS-FeOOH IZ = v Vg EDILHFEEE SHDH 2 LIT Lo TOMMBEEER R E < kg
HZELWMESNTWVWS[4], UL, 8-FeOOH F / Ki+fI3Z D% £ TIIREETH DD CTIR#EH
DBFLEAEIC TRDPVLETH Y FrICERITRE S S728-FeOOH (X G N N TH 5, 16> T,
A S-FeOOH 1X AV E TIE & A EGRUTERED L2 BN 7205 T2 7o OIZHAE B B R 3D7e < Btk
DEDHA MIADDR EOREEIZET oiEmb SN TIhrole, SHIT, BE LR OFE
IZ L DWAAEEICET 2 b BETIEH D0 am STV, 207, RAZEINT-HE
#8-FeOOH DRI 726 ik & e S D ANFRE CTh o 7o,

T2 1Tl AN R #EC 3 o 728-FeOOH 7/ ki 1 D E DO KEICA R T & DL FM Tk % B
FLT[5), ORIk F /it L 0 b/hs< . XOABER . EOENHFIN D,
S HIZ8-FeOOH F /R F-DAEMBEBICHOWNTE ZNE TICRWINRKE TH L~ 72X A4 b
DEEN L THDLZ EERA LT,

—J. HxFHORE L THEMOERICHEELEE S ETLEET /RFO—DOTHLIMT7 =71 b
(CuFexO4)F /R F-DA IR LT2[6], ZOFEILZINE TIEEHIEDOT =— VR LT EOMENRH
STeT7 =T A4 NP /K% BRTHOBMEICAKR TE 2B R FIETH T, ZORMEEZAENL,
D& IEITENEAR SN ZE728-FeOOH 7 / b NEICEKRTE D B 2T,
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ARAFZE Tk, LR TFiEE W THIEA6-FeOOH F / RiT-Z AR L. X MEYT (XRD) « Zi@fAl
BAPMEE (TEM) « A AR T —GHIEIC L DHEEITH- T2,

2. EB

BET RiF1%, WilESR & A LEROMREL 2 2 08, 1:9 TERI L7z, TERYEIIRIRRG & i bek
(D), AT RV UL BZF 0, Kb NY v A, BiKE 7 T 2 2 AIWEE S BT,
BUUAITHDLE T VKK E 5 0BT TR T Lz, 20k, BERBS % 40 /5HEA TV 1 FF
MFET 5 2 & T A BT, /JBoNTED L= UL T2, KeExTZ 7 — /I THE LI
Kiv 2 157-, Gk L7=Hki 1% XRD (RIGAKU RINT2500 Cu-Ka #%). TEM (H AFE ¥ JEM-2100),
STCo/Rh M & FAN T il A AN 77— 43 B K0 58T L7e,

3.

=

&

Fig. 1 |Z XRD JIE DGR A ~T, 8 &8k
s 2.8 THRLNTEY T ML, T =T A
L (JCPDS Card No. 34-0425) & 4 @& 4f
(JCPDS Card No. 4-0836) THEEK STV 5
ZENGhoT, ZORFRIE. BARNCE 2 2
Wt LIS 7:3, 3.7 TIERL L 7= %- o
NE T LR TH-T[6], —H., Lk
DA 1.9 THLATY 7L, §-FeOOH
2T W & 234y o 7= (JCPDS Card No. | ‘ l ‘ . ‘ oy
13-87), 2:8, 1:9 ITZNENE— 2 OH-fElE 20 30 40 50 60 70 80
MIENZ E D R NE 72 2 L AHEER & 26 / degee
N5, Fig 2 ITERE#ZR OV T s 1 A Fig. 1. X-ray difffaction pattem of as-prepared samples.
MZe 5 CRE L7z v
7 V@D XRD HIEDRER %
R, 2:8 DY TIVTIL, e E
7 =74 FHKDOE—
JIXFEAEEAENAD
Nigmotz, TV =
T4 MRZEKHFTH 1A
WMERECTHDZ EERL
TWd, —Ji. 19 O% : . i y L .
7 LGl . 8-FeOOH Hi3kD 30 32 34 36 38 40 30 32 34 36 38 40

2 2
E— 7 HI1F & A EEALN 6 / degree 0 / degree
Hensioi-, LLETo  Fig 2 The Xqay diffaction pattems obtained from samples immediately after preparation and
Hex OWFF2ClE, 5-FeOOH  afterstoragein the laboratory under air for one month.

Cu:Fe =2:8

m Cu
m 5-FeOOH

B CuFe,O,

Cu:Fe=1:9

Intensity (arb. unit)

Cu:Fe=2:8 Cu:Fe=1:9

FRER

1h A%

Intensity (arb. unit)
Intensity (arb. unit)
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F R FIT R TRET D EREL
ETSHZ LN TWA[5], LavL,
ASElEEAIEDL EITED,
8-FeOOH 7/ Kif- N &ZELT 5 Z &M
o,

TEM & (Fig. 3) Ti%, #1Z4 10 nm
LT ORI Z R DPOhL 1 3 BLER S LTz,
FADENE DD IR N T TR
HEREL otz

gL DD 2:8 THONIZT T L
DAANY T —AT L% Fig. 4a |
Y, Fl, BbONERT A—F—X
Table 1 (27”7, |IETlX, —DDOF T L
v "B SN, 20X T Ly NI
Bz L oHEEECELbDEE X
bid, I HIT, BFEBEMEORELI S
T D2 DRI K)TA AN T
— AT MVORIEEAT>T2E A, 3

Fig. 3. TEM images and particle size distributions of as-prepared samples
prepared with Cu/Fe molar ratios of (a), (¢) 2/8 and (b), (d) 1/9.

PRIy DE 7 AT v BRBIIES Iz, 2D 3G ONRT A=F =IFLEIOW T = T A b/ RF Db
D ENFFE K LT[6].3 BT DHD 2 o337 = F A b OWmERY A b NEERT A MRS L,

BRGNS 723 5

Hopsrix, 7/ 8i+  (a) Cu:Fe =2:8

=M DT K a2 H 100
kT HrEEZLND K

[6]. i
Figdb (kLD & sl 293K
B9 TRBNEYY 2
FADARNTT— 8 gl v
2y MERT, B P &
HTIE, #7 by b %95
ERRs AR S
720 1:9 D> T
2:8 I NRTHEF B :
ARBEFRE N & 35 = 0
WZERT S, b, Velocity /nm's ™

1

f—

Relative intensity / %

-] ¢ o0
e = L

o O o
(=] N (=

oo
whn

80

(b) Cu:Fe=1:9
00 o —

-10 -5 0 5] 10
Velocity /mm s

iR (7 K) THIE L 72 Fig 4. Mossbauer spectra at different temperatures of as-prepared samples prepared with Cu/Fe molar
AANG T — AT atiosof(a)2/8and (b) 19.
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Table 1 Mossbauer parameters of copper ferrite nanoparticles.

Component o AE, H I Yields
omp /mms’! /mms! /kOe /mms! /%
203 K CuFe,0, 034 (0) 0.72 (0) 0.83 (1)

7K CuFe,0, (i)  046(1) 0.00(1) 3536(1) 052(2)  43.0
CuFe,0, (i) 042 (1) 0.00(1) 512(1) 052(2) 382
CuFe,0, (i) 038(2) -0.11(2) 482(1) 0.54(6) 188

Table 2 Mossbauer parameters of Cu doped 3-FeOOH nanoparticles.

Component : ‘ 5 .AEQ_I . o . J 4 Yi,.ilds
/mms /mms /kOe /mms /%

293 K (1) 039 (0) 0.01(0) 345(0) 1.09 (1) 61.0
(ii) 0.34 (0) 0.75 (1) 0.72 (4)  39.0

7K (1) 047 (1) 0.04(1) 533(1) 0.62(3) 60.3
(ii) 045 (1) -0.01(2) 498(1) 0.65(4) 39.4

Relaxation time t = 2.1 ns

RV, 2D 7 27 v bR Sz, 26 ORSIELIATO8-FeOOH F / Rif-D /3T A
— 4 —LIZEFE U ThHo72[5], LARTOBIE T, WEREIGA/ NS 2255y () 13k 1 DR mZ H2k
THZEDGoTEY[S], SEEOIMR b [ TR R 57,

LRI O & OB TIL, 8-4F KB LBk D& ki 1T Fe;0s DIRLICE DD THDHZ L& HL
HLTWA[5], 2FE D, FeFe,04 1281F 5 2 fli DAY 3 il (b7 2 BRI 8- % S KER bEkI A
k325 nWzs, —F, SIOFENREL DL, 2MMOENRHE & ANEDLD Z LIZX D CuFe™,04
LD, 2MOENFIE LR D T 8- F VK LB R S e\, SIOEIEG DI WGE 1L,
CuiFe'\Fe,04 & 720 | 2 fliDERDBEEANFIET D L EZHIND, D 2 OSBRI IR LT
52 IR VERNES ST - A F VKL AR SN D EBE X BILD,

4. fitiam

LIRS L0 B e di-8E AT /i r a2 ER LT, 0BG A2EBbsE52 LT, 7 =
TA NIPOEES -4 X L IKBMLE A ST, BoNTo ) 2R IX 10 nm BREDO A XTH Y | HE
Btk % R LTz, 780N FT R FIERA T CTOEETH D Z LN Dn-oTo, G §-AF K
FRALERIT 2 M OERDN2IN LT D Z EIC L VAR ESND EE X LD,
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Lao7Cao3sMnOs FIZE A L 7= RSN E D Bkl HI E

Hyperfine Fields at Impurity Nuclei in Lag.7Cag3MnO3

SRETL —HERFE BRKRFBHE S, BEAXE . KREFF S
g W AMREDHN 2 BAEEEE S, JIIE & RARER S
W. Sato!, S. Komatsuda?, N. Ochi®, S. Kawata*, and Y. Ohkubo’
"nstitute of Science and Engineering, Kanazawa Univ.
?National Institute of Technology, Ichinoseki College
3Department of Chemistry, Faculty of Science, Osaka Univ.
“Department of Chemistry, Faculty of Science, Fukuoka Univ.

SResearch Reactor Institute, Kyoto Univ.

1. IITHIT

X T ANA M~ TR (AMO;) 1IEKEEREIZ & b 72 > TEKIRTLOHE W TS
L BERESIEGIE (CMR) 23T 2 L THLNTWD, O~ B UL 2 BEEEMER B E L
TISHT L 72011E, 707 O SIS 2 TREGERHE 2 AR, 32 2 E A EE
2%, RKFZETlE~ U T U OF THEAE 72 CMR #h5% 7~ 9 Lag;CaosMnO; (Tc ~250K) %
FgExtg e L, 7r—7 & LT EDKMEERZFEHIE A LT, v BRE#AMEEE (PAC)
2K o> T r— T BALE COBBHME OB 217> T X 7=, ATHFZEICERBWN T, A4 MIEAL
7o 10Ce(«—"La)yZNLE I 1T DN 2 HE L. By=693)T & WO MEAEST-[1], HEIELIT
Lo a T A A A N4 EEEEY) (LaFeOs 35 KUY LaCrO;) @ A YA MIEA S FEmME~ =
— 7 MCd(«""CANLEIZ I 1T DN (By~03T) LT 2L, ZOfEIEIRY KENZ &
NDIND[2], ZDOHERIRE 2SO KEZR ST 5 Z ik, a7 2 b4 MikEl o £
~DOISHOBEICB W TREEEND D, T Z TAMFETIX, LagsCapsMnO; D A4 WA b % EH#h9
5D ERHfFSLD MCd(«"""Cd) ZFEHZEA L CRFTGZE L, FEEY 1 — 7 ALE TO
supertransferred field DFMWZ G, 7' 2 —T 0 DHELNDHEREZ KT 5 2 LI2L 5T, Ce(—
OLa) AL 3BT DS ORI 2T~ Z L2 HE L TEREIT> 73],

2. EB
Lag7CaosMnO; DRy Kz EHILL T O EFH St TA AL L 396 keV 11/2-
72 Lay03. MnO, 3 X" CaCO; b ¥ EimE 4 & L
THRA L. 1273 K TORBE- %I HONRA - Gl 50
LC 1473 K THERE L7=, 2 0%, Bk Xmmieie 249 keV
Ko TR RO G 2R L, BEREIZ LY
250 K i3 2 wRaMEN b iR E~ DS E &
BHIL, HRHORENRARIN TS Z L 2R LT,
MO nCd) 7 1 — T e ST, SR FRIcys  Stable TCg
T IOCd CIR#E L7 CAO T H M2 U 5 2 & THI
D MimCd AR UTn, B A Fig. 1 1ORd, okt Fig. 1. Simplified decay scheme of ''Cd
PEOEYSH CA(1IPCA)0 % LaosCapsMnOs & A L Zekqsp  2nsing from its nuclear isomer '1"Cd.
T 1373 K TRHEARS L CRREHZ 7 m—7 28 A L=, PAC JIEIZIL BaF, v > F L —XIZ K DHERD 4

7;: 151 keV
t;,=2850ns

7,: 245 keV

65



BRHEREEZSRA L, KR EERH 285752 L 2B E L TEBALLT® 77K T PAC JIE
AT o T AL TIE N A7 — Ry OB KOy -y DI ZE ¢ 12351 2 FRIE R REARE Al
NG, % TRRO()ATREET 2 Z LI L > T, y OB M OEFGHEDRFZEE) 42:Gn() % 1572,

AN(x,1)— N(m/2,0)]

A O= S N2

(1)

2T Al FAMHBMRE T A — Ry OBRTHEDORE I 2R L. Go() TRFHIMEEIRE T,
T =T NG E DM BRI L > TELL2EBEBOFREZINTA—FThH D,

3. FERLEBE

Lag7CaosMnOs FIZHE A X7z Med(«"mCd)~
n—7 OFEAFARE A2 V% Fig. 2 12T, i
12 Befi2 D CA* I A A 4853 131 pm THY | Z 0.05
LR UECABREE D La® (136 pm)<® Ca2'(134 pm) !
ERIZEDY A XA THDHT-0, K7 r—7 ncd [T
La/CaD AV A NEEHT D LB LD DT
Z OALE TOBMMSGOERB LD SO & I
HEND, Fig. 2 DAY MR HLL T TOH| 0.05, 50 100 150 200
EfRTH DD, T uo—7ITERARINZ t (ns)
T Mn A 4> 225 @ supertransferred field (2 % 2 H) Fig. 2. TDPAC spectrum of ''™Cd(—1Cd)
O HAREME A B E L T 21T - 7=, MMTHE  in Lag,Cao3MnOs obtained at 77 K.
BA Table 1 (TR d, T u—TNEICBWTIHE
FAZ/NSUVMEZR N B, WNEEYS By < 0.014 T MRS N7z, ZHUTIEEET D Mn A A0 B0
supertransferred field 23 EREMED CAITEFI L TV D Z & 2R84 A54ERTh 5, 1Cd-O-Mn DFES
A3 90° (i < IWENBHH D ERL D /NS Wed, Mn A F VN H DAV VEEOEHFN/NS W &
EEET D L[5, A RIBH SN IERE T v — T LB TOZ OIS RNEBSITIED D LUME S W
25, El2 KREOE ALY T - RO 7 25 A MEEE b OB T o NCd(<1ImCd)
7'a— 7\ E TOBRIRER & b JE L2n[2],

PLEOBRFEFIL, AT CHE LT 4 %714 h D WCe(«—*La) ' — T LEIZIHIT HEN

By=693)T) LV HLEMNT/NS/RETH Y, “Ce L TORX 72 R XM ER T2 6 D
NEWVIEERINAEL B, 250 K OB AT T PAC A7 ML KE LSBT 5 Z LI1E[1]. “Ce
%723 Mn 725 @ supertransferred field Z 488 & LTI T\WDH Z & &ZRIBL TV 5, LagsCaosMnO;
I CMR WSR2 HBLT H2ME THH -0, MK AL TOEEME CIHMzEE 7-23EL 5, la D

0.1

A22G22(t)

Table 1. Hyperfine interaction parameter values obtained by a least-squares fit on the TDPAC spectrum of
l“Cd(<—“1mCd) in Lag7CaosMnO:s.

Temperature By o wo n Fraction

77K <0.014T 9.9(11)% 14.0(1) Mrad s 0.21(1) 100%
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PYEISEAL D Ce 1L 4 i TH D2, [REE 72N EE BRI Tl 4f & 7 DB IR LB 126G &
AUT 3l (M0Ce*) 12725 Z & T x DIATHIE T L72[6], AWFFEITIIT D M9Ce(<4La) 7 1
— 7 TCTHIRIERO 7 1 AR S v, 5k S 72 4f % 103 Mn 2> 5 @ supertransferred field (2 & - T
Bl 5 &E XD L, BUA SN IR R & B O 2595 2 LN TE 5, fijT T
O IVTZ IS By D340 S D3 10% & K& 72 fEi & 7 L CU 5 DI, supertransferred field 25/ & W7z
DICAE L OEMAEE ST, ZOHERECHEHL TNWDLZEE2RRLTND,

4. LB

AHFFTIE, CMR ZWREFRBT 50T 2 h A MNil~ 2 5 UL Lag,CaosMnO; D A A R

BT 2 s # BE A MHBEIC K> THIE L7z, 4 ¥4 MIEA LT MCd(«'"""Cd) 7' 1 — 7 EZIE
FEFIZ/EY (By<0.014T) 72030 HBEET 5 Mn A 4 2 )5 @ supertransferred field 28 U T\ 5%
ZEDyIoT, L UEITHIR CBIISNZRI U 4 ¥4 MifEZ H5ET 5 Ce(«"“La)y7' m—7
BNLE CONEREEY (B = 6.93) T) 1, EiLOfEE KT 2 & ML Eb REREE L 5, “La
O PEHEER, EBRHORICEFICHETLIHHE TN 4 BT LT e —7ICilB I,
supertransferred field (2 X > T2 D 4B DBLMT D Z & A3, Bl SN 7oK E 22 NEES D ELR T dH
L EfEmT 5.
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A ERBRL, ERA—FETE— LR, E—4 A AR S
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e
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2. =24 valyva=V TREREEY

2016 -5 &£ CIZiEB)E 28 - 110MeVie DX = —F L E—AOBINCKZI L, B —2A1 pAT
BN R H 7= 0 7x105 fllD 60MeV/e IE X =2 —F 2, Ix10°fHD 60MeV/c & I = —4 28U L7T-,
F£7- 3x10°fH D 28MeV/c FH 2 = —A D
BRI LTz,

ZITHEH, ESa—F DAY RBE
OWERRERT, Ja—FrO7NVI=
U LEERNC IR AR EEETTIC 40 o To-meve]
Gauss DR % ) TA Y U [aliis &2 8], Z : w /: _ }.\\ /1\
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Fig. 2 (left) Photograph of pSR spectrometer. (right) Spin asymmetry spectra at muon beam momenta
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BREEE LR THY, DC R a—F L OF =R eflla & L CTHE A~ RN ED LT D
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Life Time Measurement of Low-Energy Levels Using LaBr3(Ce) Detector

ARBEL, AKRL? AKRRIBVFZ—3

grEMAE . REFEES PNEBEAS LHESS
H. Kamada', S. Ohno?, Y. Kojima?, and M. Shibata®
'Graduate School of Engineering, Nagoya University
2School of Engineering, Nagoya University

3Radioisotope Research Center, Nagoya University

1. IIUPHIT

B-y(X) K Oy=y(X) IR ZE [RIRFFHEIEIT & 0 bl MEAL D F i 2 I E T~ 2 1T 5 & 3 2 b il HEA7 1T
HAD T 2R ZFHII L, BRI OISE ORI ZEZ RO 5, WERRINEKE keV OyROE
A BRHEZIRNFE D, TRV F = fiFRE(662 keV T~3 %) R, v F L—3 3 U OB
(16 ns[ 1) D3V & W o o BT 2 F7D LaBr M HHZR S 2 H STV 5 [2-4]23, 100 keV BA T D=3
JLR—FEIIZ BT LaBrs fRHHEHIE DO TR 53, 2 O TORFRHEDL B LT > T
72V, BERERED = VX R IEVEZ B S ST DI, R EENLIZHF M <, W Ohox
INX =Dy E T OB EET 208N H D, L, KX —yfi a4 2 R
WX, BhEMENICHEMAER > TWD Z ENE N, HIRFIER 2152 OII3E v, 2, K
TRV — |2V T LaBrs M &R O BFFRFEDNH S 02 72> TR WERIR OO E S TH D,

R VX — Ik Z 1T B ENRF AR 2 15 5 ik & LT @ RV X—yfo 2 7 b ke
ERWDIENRS DM, Régis O[S[IFM RO 0 ITERUA e EOREEM N2 056, 27 b
VRS TR BT BIRFRR O B E X, BRI Y — 7 T b7z AR iR o B0 E I b
NENDLEHREL TS, ZoOEBE LT, K= A X—ZBIT 5 a7 b oG T
(ZEREAS T DYFROIEDNTE Y OREED D OEELR O 238 0 | 30 5 DS EER HE T A G
THYRE D LENTRESRICAR T2 L2 T\ 5,

PLED Z &0 BRHERE D ITHED D 720 T2 HHEGELIR N 720 WS T Tl Régis b D
L7 BIUIR ONAWZ ERTREND, AT, KoL F—#kicks Tl e —2
EAGFD T2 34Cs LN a R — 2 {E[6] % HV UL D 70 WS T2 1T 5 LaBrs i #R DK
TRV X — AT ORFEFFME, T 7200 BRFE S fFRE CHENE) & BIIRF R O BLOALE 2 B & 2823
HTEHEHME LT, £70, PTe @ 35 keV Db AL D Fdn % 21 D BC faEEZFIH L CTHIE L
770

2. Ek

2.1. ERIER

LaBr; 1 (H25(HAE 3.8 em X 5 & 3.8 cm, Canberra fH8) Ly IO 7 I A F v 7 o v FL—X
(NE-102A,E£% 5.1 em X 5 & 5.1 ecm) & VY, y(X)- iR IE RIRFFH 05 TRIE 21T > 72, LaBr; fidh
0 7Tmm/EOT7a ) 7L 2L 05mmEDOT NV IRANT O TN HILTREY, HE
THAEEPMIITIEIAAR h =27 AR6231 THDH, 7 T7AF v 7 FL—2F0.1lmm/ET 70
V7L 7%, 02 mm JEE=/1L7—7_ 002 mm E7/VIETELL, PMT (FERKE =7 &
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H2431-51 % iz,

LaBrs fitHaR & 7T A F v 7 2 o F b—FITERE RIZ 25 em B L TR WEOEIZE S, #)
T2 ~53720, it L2 VWRETRIEE B Z - 72,

ENENORR 76 Of5 51X CFD(Constant Fraction Discriminator, Canberra 2126)% i# L |
TAC(Time to Amplitude Convertor, ORTEC 567)IZAJJ L, TAC D7) & Mg O =L ¥ —(5 5
% VME X—Z2DT —HWERIZAN L, 7T T —T 473252 & CTRESA R A
372, FNZENO CFD IZ1E, LaBfillZ 3m @, 77 AF v 7T 30 cm OIBIERRZ N, w7+
— 7 U HRE LT,

2.2. FFRAPEEER

W AE < | BELRAD I WERETIZB W T, R= R —fE CHIRF AR 2 15 T, 2l e
— 7 Lar 7 Uy T LD BRI OE O R B A R T 5720 KB 1~3 2{T-o 72,
F7o. A OEEW DD OWEIRO B L HERT HT-DFER 4 21T - 72,

FEBR 1 LaB R E 7T A F v 7 o F L—H DOIIC Cs BRI Z B W CTRIE Lz,

FBR 20 FEBR 1 OB T, BRIRE LaBr M H RIS 5 mm E OS2 E\ D CHIE L=,

FBR 3 R 1 O T CL AR S LaBrs BHERENC 1 mm EOSRIK E % v 7 AT Ui %

EWCHIE LT,
FEhR 4 0 EBR 1 OMMFREMET T, MEEROBAY Z 10 emEORY =F LTy 7 THAT
HIE Lz,

B4Cs 7 B IXNIERHUCLE 5 Ba ORFE X R S35 23, 20 X BROWIL A8 5 3728, 134Cs
FRIRIE 12 pm RO~ A T — B BRI 2 T - B S0 b v A 7 —BETHE L, %Cs
DREE 3 Ba D FIFEUER OB 1T HR K 78 ps[7] TH 0 . TAHE N D RIS RFE(~] ns) & ELE L+
IRV BIRERAR 245 2 DITRE T /o &l L7,

2.3. '%5Te @ 35 keV Fht ¥R D FH & EEB

121 O EC FREEIREZ T 5 '2Te @ 35 keV DO FHEEN. O B 2 I ET 5720 FEER 5 21T - 72,

FEBR 5 LaBr MR & 75 2 F v 7 o F L—Z ORI BT HE(~9 kBq) & BV THRIE L 7=,

T ZC, PIBRIEAT T AR MEER 2T T - RS 7205, 1.3 mmEOT T ATy
7 BUERBRE I B LT,

3. FERLELR
3.1. KR RE

3.2 HiIlZHBNT 5Te D 35 keV BHELEN. DB 2 KD HBRIC, 7T AF v 7 v o F L—F T
Te @ KX ##(~30 keV)ZHITE L, 7 — b % 30 keV LA FOMERICRET D, L7In-> T, AFET
XTI AF v 7 FL—2 O — % 30 keV LA FICRE L7 EERORIE R OEFRHMIZ S0
Tk 5,

FER1~3 12O\, FTAF w7 FL—2D 30 keV LU T & [RIFFFH L 72 LaBr; i HHER D
TARNVF =AY MV % Figl (RS, FEi 1 THLNcT R LF— A7 FUZIE BBa DNED
HRHAICLE 5 BPE X A 32 keV ORI E — 27 8 227 R VHICR B0, EBR 2 I2BW T,
ZNDRHRF CTRIRENTLE S 720, 2keVilTF T 7 N U@ RHLDOHRTHD Z &
Wbnolz, Fi=, FEBR 3 TIL Cs DRREEIZEE Dy, StV L v 7 AT R T EW
WERZFTZEIZED, W LE VT AT U ORME X BB RET 720, BHohl-= ¥ —
AT FLHIZ, 58 keV (W Ko X #7), 73 keV (WK X & PO Ko X FRDO X 7 L v 1), 85 keV (Pb Kp
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XA DOERI E— 7 BRI NTZ(X B 3 —H k),

UEDZE06, 32keVIZE LT, 2N E—27 ZHWTE OBt E . 20 7 h o
e 0 & O TS OV BIRE IR S — B 2 BT~ A 721, FEBR 1 & 5B 2 T B 7= ANy
R 2 e U, 58,73,85keV (2R U CIL3ERR 1 & 5Bk 3 CfF O v 7= ANRERRR 2 b U 72,

I — 7 TR 2 53 A B8E, B — 2 ICE R > TWA a7 kUil OB 5 741
I, E—2I127— N ERE L THOLNRIREHEN S, ©— 7 TFEo a7 b 2 Eig s
WX LEICHE T — FARE L TR LA 2 22 LW e, o Rof s LT 58
keV #2315 1F 2 BIRs AR & Fig.2 (TR 323 BRI E — 27 2 -V TS DAL AlREifR & = 7 b
VI A VTR S N BIRF BRI SE VR e N 2 E b D, 58 keV LIS D =R ¥ —(Z B
LTCh, 2NN E—7 & a7 ks & AV T 7 BNIRE i ER O RER 43 fiBE K OVERLCML
B A e U7z,

23 I RE L2 DU T Fig.3(a)lnd X 912 100 keV BLF O = 3L —FE1IZ BV T 1.3~1.7 ns
BETHLZENDLNY, FERINE—7 L a7 b UG T 60 ps DANHEN S OFiPH T
—HLTWBZ ERNbhoTz, BELMLEIZOWT Fig3(b)h 5, 100 keV LU F DK %)L ¥ —fEl
IZBW TR E —7 L a7 b Eia sy T 60 ps DARHENS OHEIFACT—H L TWDHZ EMND
molz,

10* ‘
6000 Full Energy Peak
L 10° Compton
£4000 | @
5 S 10° ]
o o
@) B &}
2000 | 10* ]
exp.2 X I
0 I I T | | | | 10° L | | AR
20 40 60 80 100 5 0 5

Energy [keV] Time Difference [ns]

Fig.1 Energy spectra obtained in experiment Fig.2 Prompt curves obtained by gating near 58
1-3. keV in the LaBr; detector.
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Fig.3 Energy dependence of the time resolutions (a) and peak centroids (b) of the prompt curves. In each
figure, the closed and open circles show the values obtained by setting gate on the full energy peak and

Compton continuum, respectively.

TAC OENEDIEMRAFIEIZ LV | 15 D RFRREIC R Z b Big s e, MIEPOIRERE
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{1 TAC FIETEE T, =1 CTH Y, ZHUT KV, BRI RBRIZ 60 ps O R U 7 F33AT
57, ZOREX, AHENS E LT Fig3(a). (b)H o BIRFfHER O BEONE K O e 12 b
FKMENTEY . RHENS DOXERERIZZ2>TW5,

BRI E— 7 TH 37 b il T BRI OIARITE O 720 & 9 FERIT Régis B
DOFE[S|E B> TS, ZOBEMIE, Régis HNEREIT - - MHERE 0 ITHEEY N LR
TEERY O ARWEO LD IREEM N DI OFET T, R R0 a7 b s
IICHUGELBRR 7 230 70 < BEEMRHERIC AN T 20N B TH A0 6 LT 5, 20
O LM Z R T D72 BELR D LN FEER 1T &AW FEBR AT OV CEBRE R 2 ik L7z,

Figd(a)lZEk 1 LEBR 4 ZnZcBNWT, 77 AF v 7 v F L—Z|IT 30 keV LA FIZH
— h&EE L, LaBrs Ml TR R —f5IkIC 7 — M AR E L THE DAV REf A g # &
KT, BELROZ NG EIT D 720G S b X R A EER T OB 72 )53 (0.5~4.0 ns H72 1)
IZA R BN T LR T X D, Figdb)IZIRERI AR Eifr P OB Tl i2 77— &R E L T
5072 LaBr SR DO = R L X =2 NV ERT, 70 v 7 WD DHGEIXRWIGAITH,
200 keV LA F OFEIKIZ A X2 EBRZNWZ ERFERTE, TRUHITEBELRR D TH DL EE XD,

T bbb, iR EOBEEMNR LN E | IR R —D a7 N HEEE T BELER AR 7 03
W2, EAUHRER S0 AR MR ORIy DN D7 RN D T ERR Sz, EERIC, FEBrl &
FBR 4 120V C, HIREEIAR O BOMLE O = R VX —(KFHEDOE N EZRD =L Z A, 100 keV LT
DT RV F —FEIRIC BN T, BEROEENKELS 25720, 7uv 7 b0 OFRHFE T THLA
7 BN AR U OG0 T T B 72 ANREEI AR IZ L~ K 150 ps BTV D 2 & D3R T 72,

10 w0t —
'=10° . Back Scatter ggg
5 5107 ‘ Compto‘n Edge ‘ 604 796
T a |
210 g j Y v y
T 107 ‘M”W'w Al
S102 g bl I
210° 310*
O O

4 A ®
10 | | | | | 10 5 | | |
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Fig.4 Comparison of time distribution curve obtained by setting gate below 30 keV by plastic scintillator
(a) and energy spectrum of LaBrs detector obtained by setting gate on the 0.6-3.6 ns in Fig.4-a (b). In
each figure, the black line shows the result obtained in experiment 1 and the blue one shows that
obtained in experiment 4.

3.2. '5Te d 35 keV Bkt ¥ENT DFE AR E

123Te @ 35 keV Jl L HENL O HJ5U 2 1251 O EC AREE 2RI L CTRked 72, 51 D gREERM[7]% Fig.5
e FIRT, P5Te @ 35 keV DML HEN. O Y-l 2 3k 2 121%, 1 O EC FREEIZAE D X HRELT
Xec) & 35 keV OyfR(EL Fyss) DR ZEEZRIET D Hik, KO, Xec & 35 keV il UENL 7> B DN
HRHRIZ R D X BREAT Xi) DI ZZRET 2 HEO 280 RbH b5, 20D, 7T AF v 7w
F L —Z 1% Xee(<30 keV OFEI)IZ, LaBrs & H#R1Tyss 720 U X l2F— M &akE L, IR A0
MR A2 1572, 75 DAVZRE /A0 ti# 2 Fig.5 127~ 77, Fig.5 F1 D prompt |% 34Cs @ 35 keV U5 D =
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N RS — M ERE L CTE LN IR CH D, T, Xec-Xic DR #IFRIC
DNT, Xpe & XiclFHELWZ XA F—2 65 RHAIEmE 2 XT 5 2 ENRTERWD, W
iz A —7NENLTND,

IR AR AR A2 75 512872 ¥ | LaBrs fida FUCAFET 5 ¥La HOR O HUNRE DR B A 22 L5\ 2,
8La 13 BC A L1438 keV Dy & T 5[ 7], L7223 > T, *¥La @ EC FREEIZ {5 X #R2° LaBr;
AEEL RTINS, 1438 keV DY TS T AF v 7 o F L—2 a7 b UEGL S uiug,
HIRF R 2 525 2 L1272 D, P8La @ EC AREEIFE D X ARDS LaBrs i Hf CaRWIX S b b iRk
¥Ba O K kB AT XN FX—TH D 37 keV ICEWNE—7 N TE D, ZDO7=H, BT HED
35keV D E—Z7 HZ 8La 3D 37 keV D E— 7 A NIRAT D, ZORBEELS 2D, #
JRAEBEMNRUVREET, Ny 7 7T 02 RERIE L TE S IV 040 HiRR 2 Xec-yss OB 23 A il
B ORI AR 2> B 72 L5\ e,

Fig.5 (IR ENT2 Xec-y3s ORI AR HIIRO 2 0 — 7505 35 keV DJEHEEHERL O - &
1.449(14) ns L IRIE LTz, F72, Xece-Xic DRSO DA v —TZnEin b, 1.446(11)
ns, 1.459(11)ns ERE LTz, TNHDOMENE %2 EDHZ LITL D, 1.452(1)ns ERFEHT2, Tz,
Xec-yas DFEF4 A0 g & AR & O BELOMIEDZEDD 1.39(6) ns EREL, A —FETRD
T & AN S OFPAT—EH L TND Z L2 L7, RHMIEX 1.482(8) ns[7] Th v . FHAMfiE Z
KXRL TS, BEICHE SN TWAIE LA RIOEO E A Figé (278 Lz, 1970 4412 Marelius
SN2 BEDT T AF v 7 FL—F %N 1.453) ns DIEEZRE L TE Y | AWFFRICBNT
BFONTAEIZ—FZL D, AR TIE, EOVFEEO X VWMEEZSES Z LN TE T,

HLETRO T ONT, RNy 7 7T 0y RERE LTS bR oA dhft a2 22 Ls|
DTN & 3R 6D D & 1.35(6) ns DIERE B D, BLaBikD /N 7 75 72 R, 121D Xpe-yss
DO RFFAT R & B AR O B OIE O ZEE /NS T HACERT D720, RNo 7 7T 00 R
DREEEFE LI EEEM 28/ NG L T L E D Z EbooTz,

10° ‘ ‘ 1.70
% X_-X | |
- 35keV Z' s Fee
it EC ec 'as 1.60 |- 7
10*| okev—T— 7
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4% *Te ~ b 2
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102 ‘ - E < -
L R %“w\ ) i
- 1.40 | % J
AR i ‘ gl | i
10° Ll \ ‘\ H“ h ok 1.30 w w w
2200 2400 2600 2800 3000 3200 1965 1970 1975 2015
Channel[59.34 ps/Channel] Year

Fig.5 Time distribution curve observed for the Fig.6 A comparison between the published
35 keV level in '*Te. The inset shows the decay half-life values[8-16] (closed circles) and our
scheme of '*1. value(open circle) of the 35-keV level in ' Te.

4. ¥ 8

R HEE 0 THREEM DD 72 <L BRI D 720G RIS D LaBrs M HEs ORI R 2 100
keV LA F K= R /)L —fEi F TH 5 202 L7c AR = 1L —FEIRIC 8V TR 0 fiRBE X 1.3~1.7
ns Th o Tz, WREMfERE R ORIRFI R O B OMIE T = R VX —23F L CThIZT RN E —27 L 2
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VTN GRS TARMEN S OFHN T T 5 2 Ebh oo, E£2, Te @ 35 keV DOfihiEd
HERT O LR & 1.453(11) ns & RWDTZ, BTe lICONWT, A —FEDONH L EOEOHE R TR &
O#EIPHT—HTHZ L EMRE LT,

uL@*&;Dlmm@m 1% 100 keV L FOfEIICIH W T, 7 ol 2 & Slib
FLHEN. D FMPEIZHISFRETH H Z L b7,

5. 5%

TRVX—IBBIHO Ge BrIHERE N2 72 By-yBAE[FIRFFHE0E & v, EHE7 EG AR & FF D
BIXe @ 80 keV,341 keV } 1} 667 keV Jit2 UERr D FHFAilliE 2 B OB AREEAFIH L TIT-> T\ %,
ZID DFNEIEIZOWN T, BEICW L ONERENHE SN TWDR, ZILHIEREICIESD
VDT (111:80 keV (2D TEHRAEI:0.496(21) ns[16]& 0.416(20) ns[17]. 2FARAI: 7,,=0.454(40)
ns[7], SCHR[16,17]DMEN-1)), Z D7, =3V F—0FReD B Ge #iti#s 4 — /L % —gjl
(2. E-REREARED B LaBr Mg 2 2 A 2 o 7 HBHEIC WS Z L T, Bl E < K
DIVMEERETEDL EEZXTVND

TARBI L FEATIC IV T, 80 keV DRhELHENL DR & L T 0.453(23) ns DEAF72, 2L
BR[16] & [17] THE SV TOWDEDEEMHEDE A R L TR Y . FHlifEZ XFFT 2 TH 5, 341
keV(T™2:1.6 ns[7]),667 ke V(T™!2:<0.5 ns[ 7)) b ¥EAL O N B & FIERICIRET H TETH 5.
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UF U LA Z 2 ZIREMMDBEIEA ZNY T — 53R E (Ni-61)
Synchrotron Radiation-Based Ni-61 Mdssbauer Spectroscopic Study of
Lithium Ion Rechargeable Battery

Bt v afet
v S

Takashi Segi

Kobelco Research Institute, INC.

LIZ LIz

UF T LA A ZIREMOIEMIEYE L, RS S (a-FeNa0, ) D LiCo0, 23R < 1 H ATV
B3, BUE Li (Niy/sMnysCoiss) 0o (WC) [T A HWBILTWN D, ZOMEHIEBWTNI A 42 23
LIETIZED > TV D FERH BN TND N, REREBOEAREIIHEVIToE D> TR,
A FE TICHE SN NC OF(LETTHEEET VAR 1 ~F L Die, KERREIZIHBWT NI, Ma, Co
DRFMITZENZERmAE S 24, SmAE S 4, KA 3lié SNTNWDHDOD, FERIZE
7% Ni OJFFAMIAFFEE I L > TR it T 5,

TABLE 1. The summary of charge compensation models of NMC based on the XAFS measurements.

0% SOC 50% SOC 100% SOC H B
Ni%, Mn", Co* Ni® Mn*, Co* Ni%, Mn*, Co*, 0 [2]
Ni%, Mn", Co* Ni® Mn*, Co* Ni%, Mn*, Co* [3]
Ni%, Mn", Co* Ni® Mn*, Co* Ni®, Mn*, Co*, 0 [4]

* State of Charge: SOC

X BRI Gy ik & [RIRRIC NI OEFIREEA BRET 5 H1E L L TRA ARG T = tERET b D,
ZOHEZ, e —TEOR AN Tl KBS B BT HIR DA MBI A FF o o i ik
ThY ., Ffle NI OB FREBIZET2MENGEOND LIRS, —. 1ERBIE & LT
] 1. 5~3 K] D Cu—61 X° Co—61 MAHWNWOLN TW=AIZ Ni-61 OBMHFEFITIH EV LV, &
W G % FHVNC Mossbauer AXY "V a4525 FIENHENL ST, RiEZSRA LT,

2. JE S

T Mossbauer 43 Y6#£1% SPring-8 @ BLO9XU T L7z, FEMZR BRI IT e THFZE (5, 6, 7]
~RLTZEY TH D, ERIZTERT AN FE— K 203 THEiE LHE b T AT 2 —5 O #HiPH
XL — Y —T5H 2 FHVIRIE L, =12 mms™ OFAPH CHEh X W72, % o 7V ORIEIREIL 6K & L7z,

NMC ZIEMRE L7e U F 07 LA Ao ZREM A2 ER% (7], BTE® S0C(0, 50, 100, 180 %)~
L REIERTIRIE THR L7, Cu Ko 2 SRR & L7k XREIPTHEN S R-3m &2 H 9 5 F 4
fesB %, Ht Ni-61Mossbauer 43 Y HMIE HR0EFE LTt L7z, BIER OFEZ 1CP 0057
Frickv Li B2 EE L, 3B S0C & Li EEFERICOVWTITIE 2 ~F L DT,
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TABLE 2 Chemical components (at. %) and state of charge (%).

SOC (%) Li (at.%) Ni (at.%) Mn (at.%) Co (at.%)
0 0.92 0.334 0. 339 0. 327
50 0. 68 0. 336 0. 333 0. 331
100 0.42 0. 330 0.334 0. 336
180 0.13 0. 332 0. 338 0. 329

3. MITERE R & B

6K Tf7= 0, 50, 100, 180% SOC ¢ NMC ® Ni-61 Mossbauer A2 kL% FIG. 1 ~R L7z, &T
DARY FVTORENEIZE—7 ZHTHARXT MABELNE N A 4V FBRBER LD N
EARRNCER D PHEN D2, Bl Li ICEVIRA S NI¥DEREN D & Jahn-Teller A& ££ 9 FN
WE SN TWD[2], 50%SOC 1 Z AT MAFEIRDBIERIFRICEAL U722, FRUTZ OFERERITH D
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FIG.1 Ni—-61 Mdssbauer spectra of Li,(NiisMnisCorss) 0y at 6 K.
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FIG.2 Ni-61 Mossbauer spectra of Li,(NiisMnisCois)0, at 6 K.
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FIG.3 Calculated Ni—61 Mossbauer spectra at the octahedral coordinates.
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W IR RIS Y 5D A7 hLiX, 50% SOC OFFEMTE T /v CTRNT 21T o 7o, MEIX 112300 < BAT
"7 YT 4 Vﬁ?ﬁ‘)‘u”jﬂ%f:&%i%ﬂ’bé ZOBE. KA Ni* & singlet 4y D EfEEIZ AL
DRIV, TORFITE L Z 75:25 ICIHWER & e o7z,

TABLE. 3 Obtained Mdssbauer parameters of NMC at 6K.

Li (at.%) B (D v (X10 Vm) 7 (%) reduced

dashed - - 26

0% SOC 0.91 1. 299
solid 4 0 74
dashed - - 52

50% SOC 0. 68 1. 201
solid <1 21 48
dashed - - 46

100% SOC 0.42 1. 545
solid 0 -16 54
dashed - - 25

180% SOC 0.13 1. 249
solid 0 -12 75

V, & Li R ORIENMES FIG. 4 ~1: L7=725, Li BICkT 5 1, OB IEE S R k7,
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FIG. 4 The dependence of the electric field gradient (10* Vm®) and the Li components of NMC
(at. %).
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Sm Valence State Investigation of Sm Intermetallic Compounds Using Energy-Domain '*Sm

Synchrotron-Radiation-Based Md&ssbauer Spectroscopy
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Fig. 1. Schematic drawing of the experimental setup for '“°Sm synchrotron-radiation-based (SR-based)

Maossbauer spectroscopy at BLO9XU of SPring-8 [8].
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Magnetism and Superconductivity of EuFe;As Studied by
Nuclear Resonant forward Scattering
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