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Origin of Ferromagnetism Appeared in Nanoparticles using Fe-doped Pd
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In order to clarify the origin of the ferromagnetism in Pd nanoparticles, we performed the X-ray magnetic
circular dichroism (XMCD) measurement of the PdFe nanoparticles, in which the enhanced magnetism of Pd
was induced by Fe. The XMCD spectra only included several low-intensity peaks. This character of XMCD
spectra does not correspond to that for PdFe bulk, and thus are attributed to the coexistence of the several
electronic configurations. Based on this result, the broad XMCD peaks, previously observed in Pd
nanoparticles, probably consist of several peaks. Therefore, the several electronic configurations should
contribute to the onset of ferromagnetism in the Pd nanoparticles.
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Fig. 1 Typical TEM image of PdFe nanoparticles.

XMCDH|E 1%, BL25SUD E R A MCDIHIE %

ExZHWTIThbilz, XMCDA” kLt #
LD LWHNE FIETH DBmIEIC L 0 HlE
STz, PdFeT / Kif % AHIAEEEC AN CTHHE
Wick vy, SINMIE LICH T L, kg
/5 Z LIk o TXMCDHIE K %2 57,
BEREE 20 EXE 5720, REHIHL9 TO®:
5 2 FHUIN L TR YERERTE I L > TXMCD AR
RV Z2RIE L= -1.9 TORS T THOXMCD
AT MVERIE L, AT ML OZEE &
HJ7Z2XMCD A7 hL b L7, ABHI20 KE T
WHRS o, AR O = 20 F —13K5500-600
eVTH Y., PAdME LXMW IHIZE T 5
XMCDMWHIE &ENiz, O-KWINHSs 2 & Te /N v
Ty RERET A0, SINFEBED LD
AR MV ERIE L, REO AT Munb 2
Loz,

MR, OBLW, £ PdFe 7/ ki T® TEM
BE 1 ITRT, R A T E A B¢
bh ., PRI L OEERZITENZE N 23.0
nm B LN 13.0 nm TH o7z, fec iz £FFoW
BORETh DL EMMPL 7% < BEI T,
Fe OIEJEIL 6.9 at.% T > 7=, SQUID IZ L 54
LHIE DORE R BEHT 21.2 emu/g O EIFIRI L %
FFOZ Lo tz, BEOREEEZD &
30 KFBHZ BT, Fe I2 & » T P IZFEH
~0.1 up/atom OERE— AL FRFE I LT
HEEZOND, X, Pd T kA Ok
[RE—A L FOK 10 fFIZHET 5,

2 12 PdFe 7/ Ki D X FERIL 227 kL
ZoR9, 533 BL V560 eV U5, Pd-M; B &
W M, WIUOwmNENENER S, £z, &
WS D iy = R L X —] (~548 35 LN 570 V)
2. Sp WiE & 4d WUEOIRKICHE T 597 7
A4 MR SN, 2S5 ORSIL Pd T/ kL
FOLOE—FT 5 Y, My WU OIK T F L F
— il (~525 eV) . Pd /KR FIZIZA L7
Mol-7a— Rip e — 7 IROEENEH S -,
ZHUE, Fe il LD Pd D 4d X R OZEA & RIE
THRERTH LD, FHMITAHATH D,

PdFe 7/ Ki ¥ @ XMCD A7 FLvZE[X 2 IZ
KT, BHIS NI AT i, Ms BXO
My W UsIZ B W T, ENENR & LD EIH S
2o LALARRS, HE—7 OMBEEIIFHL, =
S LA b D ©— 7 IR OREE N FAET D
EI2CbRZDHD, AT MLVBROZEMIT
RHTHD, ZDOAXT FVORHKIL, PdFe /N
NI DHED LIRS THEY Y, F kLo
R ERRTHLEDOTHDLEEZLND, A1
L E— 7 PSDOHT T A N OFEEE, Ni D Ly,
XMCD A7 hLZBWTHBRI SN TEY,
SPEFRBICHETILDOTHLEEZLNT
W5, ZOWREEEE 25 &, PdFe F kT
IZBWTEIH SN 785D XMCD v — 27 Off
TEN D, BEALE O R 72 28O RED XMCD
AR NVIZEHGETHZERRBEIND, &5
2, HiFeZe Pd 7R IZBWTEl ST
17— K72 XMCD v°—727 %, PdFe 7/ Hi ¥ & A
RICEB O = b5 b0 THD EBEZD
DT80, HEOBEELE D BN ORI B
425 Z LIS 5,

SHBOBBE:  Pd-M WU D FREE NI TZ 8,
FEAMZREAT AT O T2 DITiE, K VKB A
M ERLVLENS D, fETEED, BrkicE
@B TIREE/ETHZEICLY, Sk
TR T DMMERBA =X LZ2W BT 5,

BE R
1) T. Shinohara, T. Sato, and T. Taniyama, Phys.
Rev. Lett. 91, 197201, (2003).
2) H. Hori, et al., Phys Lett A 263, 406 (1999).
3) H-T. Zhang, J. Ding, and G-M. Chow, Langmuir
24,375 (2008).
4)Y. Oba, et al., J. Phys. D 41, 134024 (2008).
5) T. Shinohara, J. Phys. Soc. Jpn. 74, 1044 (2005).
6) J. W. Cable, E. O. Wollan, and W. C. Koehler,
Phys. Rev. 138, A755 (1965).
7)T. Jo and G. A. Sawatzky, Phys. Rev. B 43, 8771
(1991).

60

40

-3

Absorption coefficient [10 ~ arb. unit]

20

[wun-qre oLl GOWX

0
-20
40 Pdg; Feg g nanoparticles| ,
—o— XAS
—e— XMCD
60 | | | 4
500 520 540 560 580 600

Photon energy [eV]
Fig. 2 X-ray absorption (XAS)and XMCD spectra of the
PdFe nanoparticles.





