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For CeAl, , CePt, and CesPt, nanoparticles, two phenomenon
were reported : (1) the most Ce®" transit to Ce*™ ;(2) the
suppression of magnetic order is accompanied by an enhancement
of the single ion Kondo interactions . These behaviors may be a
universal behavior for Ce-based nanoparticles. The CeAuAl; with
body centered tetragonal BaNiSns—type structure was choose to
verify the hypotheses.

Bulk CeAuAl; is an antiferromagnetic compound with Ty =
1.32 K. CeAuAl; is of a simple spiral type with the ordered Ce
moments aligned ferromagnetically within the basal planes of
tetragonal CeAuAl;. The CeAuAl; nanoparticles were successfully
fabricated by Pulse laser deposition (PLD). The samples are single
phase confirmed by x-ray diffraction (XRD). The transmission
electron microscopy (TEM) analysis show that their particle sizes
were estimated to about 3 nm. Base on the magnetic susceptibility
measurement, the curie constant of nanoparticles is much smaller
than that of bulk. The specific-heat measurement reveals more

behaviors : (1). larger specific coefficient y and 3, which were



obeyed in CeAl,, Ce;Pt, nanopatrticles, (2). the magnetic entropy of
nanoparticles is about 15% of that of bulk, similar to the changing in
magnetic susceptibility measurement. That should be attributed to
an occurrence of valence transition from portion of Ce** to Ce*, (3).
no observable enhancement of Kondo effect. The transition of Ce**
to Ce*™ is surmised to be normal phenomenon in the Ce

compounds nanoparticles.
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FIG. 1. Temperature dependence of specific heat, in terms of
C/T versus T, for bulk CeAl, (closed circles). The phonon
contribution Cpy, 1s assumed to be the same as that for bulk
LaAl; (open circles, showing a small superconducting-transition
peak at 3.2 K). The dashed line represents the sum of Cnh and
Cery (diamonds). Inset: Integrated entropy § = _,r[(C Cpn —
Cery)/T1dT.
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FIG. 2. Temperature dependence of specific heat, in terms of

C/T versus T, for 80 A CeAl, (closed circles, with the pho-
tograph showing an HRTEM image). The phonon contribution
Cph is assumed to be the same as that for 80 A LaAl (open
circles). The dashed line represents the sum of Cp, and Cey
(diamonds). Inset: Lower temperature (C-Cpp-C,ry) values be-
ing fitted to the Kondo ion (J = 1/2) model with Ty = 0.65 K.
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FIG. 1 (color online). Ce Ly;-edge XANES at 20 K on
(a) CeAl,, (b) CePt,, and (c) CePt,s, together with estimates
of ny. These ny estimates include the contribution of any cerium
impurities (see text). Energy is calibrated by setting the first
inflection point of the CeO, Ce Ly edge to 5724.0 eV.
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(7 )Kondo Interactions and Magnetic Correlations in CePt,
Nanocrystals.[5]
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0 FIG. 4 (color online). The temperature dependence of the
0 5 10 15 inverse susceptibility 1/y for bulk and nanoparticle CePt,.

T(K) The solid lines are Curie-Weiss fits, Inset: T and Ty (referred

to the left axis) as well as the total fraction ny of magnetic,

FIG. 2 (color online). C(T) versus T for bulk and nanoparticle  (rivalent cerium and the fraction Kondo and antiferromagnetic

CePt,. Inset: The solid circles represent the specific heat at  contributions ng and nup (referred to the right axis) versus
various magnetic fields, the lines are the theoretical calculation. particle size d.
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PRGN RF PR T R IRAFEBIAALHT S
MCeRmE Ll RET LAY 0 L ABRT EHP LAY o 0 pk
Cer %247+ 51— BLH LGP efpuF 2sdETIFEF AW
BB T A3 2+ cnE i FAEE 0 Flm AR 2RI %
POIRR AL R £ ik (mixed valence) o - SRR 0 A iR ALY

=

Fowmodm EBBRET O LEFEF AR T2AMT I AT BRI

3
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Wik AEBAME PN T ARFZ A OB RS
PR aaj R EdepE s oh g eBs® B A i d 3 0 A p KAFT
+EEG AT OB ESS B £ # E LR ¢ 75 2 BB (magnetic
moment) ix & £ § gAAE 4 k43 ¢ B4 H 3 T+ (conduction
electron) it ¢ & 04 2 - F IFRKKY 2 3 it * (RKKY interaction)
%7 B (magnetic ordering)# 7| » &#F A e A R 5 ] N TRh
/8 R (critical temperature) TcpFH €35 5 ¥ - 2 & - d M4 T+
B BFSST 5P R T+ BHRT T B 6 A4 TS
REAEA K R+ B ojr(screen)d BRI AR S £ BA AR

% o "gzm 4 gE & s (Kondo effect) -
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[Xe] 6s°5d°4f°

[Xe] 6s°5d°4f*

[Xe] 6s°5d°4f°

[Xe] 6s°5d°4f°
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(splitting) MR &K & # AR T 2 fE 5 h BRI B FD

FEF U Te R L AR OET 2 £ Hhny P 55 1
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R R RS E S v O JHFOER AREEF P FARIR
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E R AR 42T BBAR TR 4 ks e 514§ e
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&
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do BT HEARR G A - RAMRER DA RO A A
(EE CE DI RS T VRS L X

H-giiira 5 ARER - RERFRIFF W E g X T
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oA e PR R ot AR A R A BT g ff
)]*ngLr’ﬁ g% (entropy) % i o NCe& B &4 5 6] CeF
SREAR T (T 4 fmHE S > AR T R AR A A IR RAE
d AR FIRE OB ER S op B RH n KPR T 2R
- ERERLCer BETF A2 pigpd RilBfr o ¢ EHEF T
AR RERET P RGS ) TH BT S
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8§2-7 CeAuAl; & T

CeAuAl; = - fww = & kT BaNiSn; Sir14& B & (2
Bll)> 287 Htt#asia=43318A-c=10.839 A >
Cav(4 mm)E3[18] ; fif B MR ip R » BB ab w 5 e
Flo A Ciht FIRGHE ol gken s £ & ab T o FRAEK
T oggk 100°[19] 5 "arz g F 4Bz Ap %8 & Tn(Néel temperature) =
1.32 K> Kondo i & Tx=4.5K> &4 % #i C=0.8061 > 7 »TEAAE Merr
= 2.54p/Ce-ion[15] -

B> CeAuAl;= % 3 > 2 & §.d ETH, Zurich® fs 4 127 % 3 7§
i 7 0 3 3000# 3 & ok B T3 < 0 3 30 P E T CeAuAls sz
AL AR 0 T LA MY S
(- )Transport and thermodynamic properties of CeAuAl;.[15]

AR Y ORR ZL32KF - R W hN g o LORREE R B

BEASE BTy b 2 &% 2RIN2 J/mole-KpFz_ ;8 B % Kondo

BRET=A5 K 305 B Mot KpF s B3| T+ F s if & et

ApE it glEF ol T30 2 (Ca/T)=% B o 33 o

CeAuAlsE - B F e 7 A A& B &4 o
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Fig. 1. Temperature dependence of the molar specific heat
Cp of CeAuAls (full circles) and of LaAuAls (full squares).
The A—type anomaly has its maximum at 1.32 K. The open
circles represent O, — Cp of CeAuAls, where Oy, is the lattice
contribution of LaAuAls. The solid curve is the fit according to
equation (3). The inset shows (Cp — CL — Cs)/T versus log T,
where (s is the contribution due to the Schottky anomaly.

B 2-7 CeAuAl;z_ \* #i [
BT FBEARRE AT = 132K ¥4 F Bk s 4
I ss BT R ABTK

(=)On rare earth gold aluminides LnAuAl; and related
compounds.[18]
LnAuAlz(Ln=La-Th)eE & &£ it & A W IFS F B H 5 1
7 B & & K hBaNiSng #f 4] & 8_CeCuAl; 3] ch e & f %
(@a=b#ca=B=y)BaAl,%# -

(=)?'Al nuclear magnetic resonance studies of CeAuAls.[19]

0 AP S R R R AR S 0 (R AR A D
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o HCemptachht £ B H ks> w f habT s ¥ 31
WRE R ochht & K Cege abT o # » 100" H ¢ & 5 B2-10 ;

¥ - 3 gt Fpol 522 25% 43 5 £ Kondore i 5k o
(z )Magnetic and transport properties in CeAuAl; single

crystal.[16]
B s SR RO RS S BB ELE 8 (b4 11I=5/2¢0Ce’ 5

TSR L R ER R A B 5 A =60 KEA=240K -

600 T T
CeAuAl,

Hilc
400 b —— CEF cale. o/f'(‘-

1/ (mol/emu)

T (K)

Fig. 1. Temperature dependence of 1/7 in CeAuAl;. The solid
lines are the results of crystal field effect calculations,

Bl 2-8 CeAuAlz;z 1y TR - d BHh#i L &%
Iy -FES - HRBEFREL A TR A
A1=60K £2 A,=240K -

(Z )Anomalous low-energy excitation in CeAuAl;.[20]

cd RGR I BRI B N2 KA S o B B C=aT
as b Bics ¥ b4 31 Tesla~8 Tesla® ¥ BF > o ¥ B3
LT7E GRS s e ER S TEC« (T/B)Y > R4n R RHF i

B ? - EAP R ¥R g T A AFHET RN G A
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CeAuAl3

¢ Al
Au

®-
C

ab

Bl 2-9 CeAuAl; i i
% 2-3 CeAUAl; :hR + =} [18]

Atom site e Y Z
Ce 2a 0 0 0
Au 1/2 2e 0 0 0.38

Al(1) 1/2 2e 0 0 -0.38

Al(2) 2d 0 0.5 0.25

Al(3) 2d 0 0.25 0.5
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% 2-4 CeAuAl; hf, ¥ #[18]

Lattice constants(A) Cell
Compound c/a
a C volume(A)?
CeAuAl; 4.3318 10.8390 0.3721 203.3883

% 25 CeAuAly e i+ 8 B [15]

Compond TN Tk Tery

CeAuAl; 1.32 K 45K 57 K
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R REAR VoA ZRBET S 2 AR AR
B AN EBEEE AT AL s AZRAEFTHRY RYIT
CeAuAl;=3k &% > 4T %Y (Arc Furnace) ~ *% #= 3 &+ %2 (PLD) ;
P RETA LS HDOEAERE LS RE Xk s R(XRD) ~ F
%3 R+ Hpcs (TEM) ~ Xefaan £ 4 & 4 47 R(EDS) » 1 2 * k&
VR F A 2 5 F 7 &R(SQUID)frr- £ & ] -

§3-1 # F-ehfl (e (3R %% F RE)

RS-l TR i i e £2 1 FREE R TR ER
FOE R AR TR RS g § o BR DR Il
JRLeng F 9r35 8 il Bew A A nd o AR T ik o ¥ kg % e
GRS E RS AL PTERT A EE S SRR R DB

Btk & }gg@;%"ﬁa@gﬁub ﬁnf;ﬁ_a%  Fe PiEh L £ o
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Mechanical
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s 1.8
2.MRTEBRS
LA 3'ﬁE
s EE RN
6. 8%
7. WO R
8. BAH |
Pawer supply —‘ g 9Tl GRS
T

® 3-2 ARC et H
CeAUAl; Bl itk & 2 BAZT A 5 T 7| 5 B % 2 :

d 3tCek § i Flut S L AU 2 Aliz BB 3B fiefie vt 3 Bk
5o hisl AaTCes M A F L AE G A KL G F L
RES LEFERBUAMAEE > BF R B AF - A Ry

2R R B R b e
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PHEEBELSREITRE EHSLFITLI T R LA E ]

FEERAIG AR ALHL  ERFAF A LT 1%
R FRIEAFVHTREAR O FELEHT EF AT A
€I o AT %Y CeAUALE v 83 & AR E
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§3-2 "% g ST % (PLD) [21]

@ Liquid Nitrogen Filler Opening

Pulse Laser

Bl 3-3 *Rirad WiRE 2 F &L R

PR BIUAR 2 B B B RARE IR EEG S ~ NS )RR F o
RERARE iRk G o pd P e F IR TRPF
FRAEH LG 2R o R AP RS2 F 5 MaR R
EPERAF LG EL 2 RF B A A R L G o 2 R F
®ONgEs & IR AR B G Bt R F M B b
A kAcold trap) o § § S A G BT M1 0 RS RS g R

AAFE TR AFE RS h¥ FiERY oA B F AT
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4t 7

B A F ok L TR R B B R B SR B (B AT
e A B R AR A A R > % B AR fole A A Ap ke
A ok o

Y ENE PR T ERY S E IR LS E T

FSPIREOIE S~ B2 EE MARN - REOEF MRS S0y 5 MR
AR AR RS AR RAE ) R ERS SoL o RlF A B

T ed BT Af MRS BEITR A Moy L LR PFE

’

P
TRATRF e EAF AT EENN R L b AT RS

AL BRE EAET S MR RE @AM R E R E RS A
o BB 0 A RO P RE S SRR R
AF ek ¥ hd s A NAYAG A 8 0 4l 5 5 EKSPLA

Laser NL303HT » = 7 = fdl & ¥ 5
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%31 FHBATHE

Wavelength  Pulse energy Pulse duration Repetition rate

(nm) (mJ) (ns) (Hz)
1064 800
532 360

3~6 10
355 240
266 80

EKSPLA Laser NL303HT 3 4 + 7 42

% 3-2 it 8 iz CeAuAl; 2 } Aok

Laser Pulses Energy Frequency

532 nm 40 K 480 mJ 2 Hz

Name and Atmosphere Target -Substrate distance

Ar 0.05 torr 40 mm

Ar 0.10 torr 40 mm

He 0.03 torr 50 mm

He 0.05 torr 45 mm

He 0.06 torr 40 mm

He 0.08 torr 45 mm
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CeAUAls = S Aot B IFE 2™ & 5 7 58 B4 38

-~ yabic ket | ALY DR

/

—+
Tl AR

P REE L AET RY WG ARG W R
ZVRY 0 R BEBERTHAREARSAG > REL DT K

EAEAL mm o § F bk Ee b SR UL AL 0 T B

WREZ

U

M
Jﬁ

£ gp M FTF R 2 1x10% torris > At ¥ SRR 40 1 1x107 torr
M Mg F AR A T2t AR TS E
R hF FIRR - 2R

Z

gj‘z"]/{g‘ FOE R A AT (TR
RABRS » f R BERZ Y R F U B FY Zr Y R
SN AT F oo B iSRRI AR B R R 5 F AT A

'I'?:;
TR o

T~ REET HRE

TR RS B > TE Bk g SR A B EAY
35



FERAEUE B BEAFERARE RS ) o Ry
IR B RN GS fo R TIEY > BRSPS T o e

ﬂ,LL@%}‘ié;‘flj—}’E% 5 ,&,1‘7?.&,-]‘ g;;é,_'k ’ [4_4:_3:;.:( é‘f"r?“_%}\il ,—%’Kﬁk

WO e FWE T ERE LB AT R B o

i B kL LaBed 8 0§ o 2R A i 1 1700~2100 KpF > T 5 &
Mg A s B3 B AT Z10°(Acm?) > @ e TREET S

gy £ oo - B E AR ¥ 200 KVendeiE 7 R A T+ A& 50.00251
nm e st eng + A5 S RE R SR 0 R Ao Y iEr i

PRGTESE? FFEL T Y- kP BEA TR B



~
W
e
R
&
&
R
‘7_&;
5
g
fon
A

|
3\
13
é_.
kil
o«.

a)
/\\_
I
Ly
!
v

)
gt
%)
I
i
%

POAAFTREET B AP B DEMBREY ¢ T IR
B RS POEE M) B S TR R BT AR
FETF A PLT ORI FE LAY B G BEEs d A cniEE ]

E AR R SRS R R ) SR

*_.
N
7

2 FRF B o EXSHARE A

X
G

BREERFLE o 51
4 47 ik (energy dispersive X-ray spectrometer , EDS) » # # & & 45
MR EHEE S, o AF R Y hT BN TS ks 5 JEOL

JEM-21007% #3453 % 5 58 T =+ Micdt 3 © 4e £EDS(Oxford) -

37



38



Haia
EFiE

FREH
ﬁnnn

I8
PIEEREE

PrEliRiE R

P

i

BHE

® 3-5 HR-TEM (JEOL JEM-2100)
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FELREFOOHTIRMAKS Y gREKELAR AT 0§ A
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& 4L (beryllium window) 3£ # P % » Rl 3 5 T F — T & H
oLt Rl BY L frpE i s - Bk ok BRI

Flp R+ — R sk 2 Xraygk S i £ 2

—\
S

FOUREMNTE ARLES 2 BEZORRET IR RAT
R RS Lig S il F o BT R kMgl 67 O Xrayk
Wi R — i BB o A kAT e E Oxfordér 2 A ehXEtai £ 4

# 4 17 & (Oxford Inca Energy 350) - *if4r +JEOL JEM-210017%

177 BN T BkE ) o AT #E R AB-UY, d BRF A 211
FREFOERPIB X ERT EE PR

lX—ray detector Operation - display unit

Liquid nitrogen dewar

Electron beam

detector

Amplifier _% Multi-channel
analyzer

B 3-6 EDS &7+ & B
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] 3-7 EDS(Oxford Inca Energy 350)
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=k 2§
PBFEF V- FANFRRAIRFEHAF  FET TR LD
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T ARG M R AR

* 9 ¢ * X’Pert PRO MRD % # it #6841k » %hi¢ * Cue » 3
TR RITm 5 45 KV [/ 40 mA - Cui= & 4 enfF ek 2 £ &

1.5405A (Kq) ° 4oB®3-84 % ¥tk 52 RIL2 # 42 T & 1 2dnyg

41



(=

SinBpy=nA-d % & ’I‘éﬁE'wéP\- 05 "IE%KE’T&‘ A dw# 7z » & & ( hkl)

3 -

2. T T fh 2 FEH AR 5 XE 2 Koo § MBS A R K F PR T R
A2 ERMF I @A) M o

Fot o AEETHBREAES iRk o L P AT R
AR AF S pLAE A P N S S A Sl o U
o] B AT

BRI EOFE ET g0k RLTBE T TR

BIEE R FF o BAe3 FRIE PR o

42



(hk1)

\%i nd

(hkI)
B 3-8 X k3E&+% Pl Bl(Brage’s law)

B 3-9 HR-XRD (X'Pert PRO MRD)

43



§3-6 ¥ E++ HR(SQUID) (¢ # [t 1L #7)

Quantum Designsdg £ + + %R (SQUID)E 1 * & 4z %
= i+ (Josephson Superconducting Device ) » # % & 7 3 ~ M2 &
FEFEFELA FTRECFERRB LB FERRE Z 5 BIN
()8 5 s o (A2 Er48 k% (3)SQUID M ipl % st (4) 4k 545 ¥ % 5t
(B)F HEIT 4% (B)i % B AL A% (MR %P dodrdl o b k%

kRS Fl - £ 5.5 Tesla v if & 2 P F11.9 K~400 K » 5.3
& ac A % 1x10° emu -

- N - R ) N Irﬂ*»;?a B SPSE R ]

|l

(D5 #

— (2)4h 45 89 B it
T w—” (B iE T
(

)
4 &
5)ik Z % )
)
) (8

6)48 4 5L 4

(
(
(7) (8) SQUID & | &
(9)4: KLAL R
(
(

wn
N
=
o
&
L}
e
I_.
~

104 AL
] NFHLW: o 10)¢p At

e =l (1248 4 2 4 T R
b : ¢ 19imie B
(1034 %
(154 & #
(1634 B
IFAE 141 B
(
19

18 HP € i
)80 T &

78

B 3-10 SQUID(Quantum Design)

44



§3-7 v #BRI(Y F g o)
LR R R R AR R R SRR TR
gioam o vperd c=9Y  wa-

~F A4 5 w2 (Thermal relaxation method ) x & g+t

fuc
—

P
o
e

ﬁ'%&¥%ﬁ%’ﬁéﬁ%941%m®%ﬁ?°&¥
B nﬁ? Eag%tl@g«frgaggg_&a R R - AR <% ,bg B

TR R e A o B Farcfid £ RATE S FREY B R Sy

Ic 1
Ni-CriZfEn&E s

SR
RuC2F B FET

Bl 3-11 #% & /& (Sample holder).s #

Fo? B ERE- HEH FPO)oR I K& F FITK
PUPE ke TS AR50 G
P(t) = dT(t)+KTt
(6 = = +KT(®

HPKZ 8B BEGRK - FHRABIRLEBAIRSERZT P iz

45



ke wP()=0 & P e S RBREE BT fe 1/K R T 4

B (RBEHEL) > ENES

CAT(t)
dt

TdHO__ 'K
= To =)

= T(t) = Tye 7c

0=

+ KT(t)

SHRBEA N SA2 Ko ZA g BN g
FrHEREFRTE R SRS EEEAPRY HED T
BB R THILIK 24 0 243 I MET # % °He » SHe dug g
BOE3K A PR FETHERSI03Ke

A o g # OXFORD 4 i 2 Heliox Sorption pumped °*He
Insert » # 3 4rB3-12477 AL 53 A = B4 - BlE Lt = FF(He
storage dump)p %°He # 48>} § & B T SiESorbit A 0 i 11
K, i $]% 7 2 °He potCHett) » T & 70E A S P& * — B4FHE 3
A= % o N FR(IVC) * $4¢ & if (Diffusion pump)# £ % £ 5x 10 ~* mbar
P FRERZ RERESRE 2 & SR 7 B F EcR - S
ok im o B E AL LN o A4S mE ket 0 A W5
"1K, 2Sorbe * 3§ XL mgwstaeaypgd kibir T1K, 2

Sorbz 1.5K o Sorb s *He eh— #Rix ] F 78 M o 5§ b s MR A it

46



45 K g s i®r o % ks si®He F 48 o F B AR MU M i He
A AR e T1IK, 3 87% kEe®He ¥ T1K, M2 KB HeF p
FrHef MR 4pt T1K 5k 3 i He pot - - & T1K, &
HdF 18K 304 BT 12 #IHe 2 MG ET R o & T1I K, + 2%
- BiEtst(Charcoal) > % "T1K | /B & %4 418K pF» Bpts §2
FLhra L d G F R > T RIVC(P B 3)hE 5 {4 o

Fr1K,#3Hex > 5.2 7°He potfs » & £ fog B3k m R % 4 4rSorb
24 K> Sorbp 28 ers fpk B 4w v He pot(3 Het)p i fi *He
7 ¢ °He pot*4 ;8 2 0.3K-°Hepot™ = %+ 5 A @ &Rl plH 5

JeR B E AL > dopt T R RN R IGERA

a7



3He fill

—1K pot
needle valve
Optional 3He storage dump
rn'agnet
wiring i

1K pot pumping line

<2
S IVC pumping valve
Eféﬁa?,‘;‘:. Control wiring/space
outlet i:au"sci for external wiring
contra
ont i Sliding seal
“He recovery I
line !
|
£
]
=
!
|
d
4 .
Greased N 1VC flange

cone seal

S Ty

Sorb
1K pot
I
k 2He pot
Magnet Magnet
{optional) protection
1

Heliox insere (perspecrive view)

® 3-12 °He # &4 H

48



$rd EBAE

EEBFRER VRS SHBET S 2R A

AR R B e 4 304 > CeAUAl S8l (T ehim & o B
S RRE o AR BT R RS e AT

§84-1 B2 A
§4-1-1 Htt A 5

LT g 4R CeAuAls & i & 4 M B - ) 304 T d I5 5
B a7 e sk 12 11 XRD TR ET ) B FREALE 27 BT o2
P 2 Ak S B 2 T S Bk SR B e e R
Pprt o B % 4@ 4-1 2 F S 40 Database 5 i B @ 5%[19,20] %
BFHEE2 Sopid 8 2 55 & > 5P 5 Millerdpice gt 8 &
P BT Y 2 A PR LMo 3§ kT BaNiSng & o

CeAuAl; » & iF @ 3240 17 &

49



Intensity [ Arb. unit ]

CeAuAl;_20100123_Bulk

Bulk
o]
= o
’_\VQ
o =
g I
o~
- = 7y — N
=) =1 o il
= ~ -~ = N, —
i )
w— o
- > ®
I | | | I |||I
........ ——————rr —T T 7 ——r -
20 30 40 50 60 70

20 [ degree ]
Bl 4-1 CeAuAl; 3.1+ 2 XRD 3E&tH] - database

Ll PR ;;;L;ﬁ Rz ST EE L MiE i f 2 R
K e 5950 5 Miller 4k -

50



84-1-2 z e’ #7

B 4-2 5 233 K ik 2 XRD v #a @ > 247 2 PLD @42
323 CeAuAl; it 7 4Bl ? 2.¢ 7 < Flo7Hor 2 b &% (Ar0.1
torr~Ar0.05 torr 12 2 He0.03 torr~He0.08 torr = i if i£)> p] 5 Al(111)
SFLEL 0 BT 3 IRA A A 2 o B Sa P R Sedp 5 5 XRD
FEELis BB i &d TEM L2 H A i > 4o 4-3~6- =@ He0.05
torr 2 2 He0.06 torr ® 472 % X ok sn TEM #21f 2+ 0] %935
5nm 2T el fREk T3k s 4 B 5 3.10 £ 0.60 nm (He0.05 torr)
122 3.50 £ 0.62 nm (He0.06 torr) » i ¥ 3 F & t— Accnd%r > o po
ARELRIT G 0 AR BB R F s fiok 0 e & & PLD @AY
¥ A% o d TEM T F a5 B E < fow BFIER B £ o
5 %« T BaNiSns i1 2 EDS Bz~ 47 & B~ Z v 6] £ CetAu:

Al=1:1:35 40 X XM %P 2 4 Motk 55 CeAuAl; -

51



Intensity [ Arb. unit ]

Ar 0.1torr

— b

Ar 0.05torr

M . .

He 0.08torr
e
\LLLML L

1 1 1 " 1 M 1

He 0.06torr

f

A An ]
] ] 2 ] ]

He 0.05torr

\LJLLM L e
He 0.03torr
—\LJLA;LMA
| S
. . . . B.ulk
_J LJ L_uJ.v_.__i 'V . ST
20 30 40 50 60 70

20 [ degree |

B 42 %k PLD ## ™ CeAuAl; % ¥ Hc 2
XRD M5B o & 3 3 okt st 3o st 4n &
g SRR 6 TR 2 Al(111)3
B o

52



45

40 -

counts

20 25 30 35 40 45
particle size [ nm ]

B 4-3 He0.05 torr z F k2. TEM B2 2 p s
¥ezto F 3 5 3R TEM 8 B8 2 F S piph ) > 5
nm ¥ ¥ éEBBB‘}E}?—’j—{—E ’ﬁ F h- i‘&‘f‘hﬁa@ e P\—:'EE‘:
ERERL %‘/fm?f?—’ilf’? Ry #p FoF B

ed @ oo = *?H’L@ = L—TEM - ) S éiii%tn‘:ia‘fi
’g;x;#g] » T gt & 3.10 £0.60 nm -

2

Full Scale 286 cts Cursaor: 0.000

B 4-4 HeO0.05torr 2 3 #icke 2z EDS & & & 47 8] o
Ce : AuU:Al=19:20:61 & 1:1:32 1

53

3.10 nm|

5.0



15 2.0 25 3.0 3.5 4.0 4.5

particle size [ nm ]

Bl 4-5 He0.06 torr z s ek 2. TEM B if % Fis
‘?‘A—:‘J-o F%ﬁ&ETEM_ﬁ;f%\&F’TTT}»&A ‘;»b J‘%/:\S

2
nm I ¥ 2 BB%MMJ:J?’,&%‘\& A2 IR % o o PE
RN %‘/fmb»i' w3 Bp 7ok ﬁw\ X k3B
FeH d oo T SR Fl S L_TEM 5§ it 2 ek
Zi/’}#?l’iiaﬁ“ﬁ;a 3.10 +£0.60 nm -

T T T T T
0 1 2 3 4 5
Full Scale 286 cts Cursaor: 0.000

B 4-6 He0.05torr 2 F iz EDS & 4 4 $7 8] °
Ce:AuU:Al=19:19:62# &£ 1:1:3 25

54



84-1-3 k&R 1T] %
& XRD~TEM 122 EDS 2 2% > fjfip= T 7B 8 !
1.8 153 K k2. # # 5 ¥ 4p CeAuAl; -
2. pc glAg Y o M hf 4 2 RS RN 0 5 A F F

A ENIEIET I AR AR RARBRET d T R A A7 oy

FRAERCIE A 3 b B E RN RAT RFRL T
R ERIERSREE A LA R BT RER SR

FEFERD A PRI RSB ¥

Q4

' He #§ 2
# > 0.03torr sn#2¢ & XRD 7 P & Al e st > HerHe 5 f 4 8
AREPL G P REELRI DI AR A 3R> Bt e He § £ CeAuAl; 22 PLD 4
FEP ASE F 45 o T il » He s 5 £ » #40% ¢h Ce~ Au - Al
Z R OR RIS R ke o

BGEFEFRTP AFPDUREL > AR F I > A RES 2T R

TIHk S B uEdr e B RLIEHR PR R K i eh S o] SR G B F D

P
A5 2RF BUPIFIF & 4 S0 b 2 354> 24 PLD ®l4z7 ¥ % men
WY biE- HRBFESETRE T RS- B FUERIFER

F iR TR R ERERISY 3 o ok

55



§4-2 B
§4-2-1 ¥.$f2 @i ¥ #icdp

R E LF CeAuAly Bt 2 B it FHIE R %1 5 F

=

\

4-7 5 — Bt & W] f?h 4 -5 200G 2 20000 G 2. SQUID Bl & %
ZE]

T o AR UHFT CANHTITH Y 3 FLjwe bl > i@ F

2 ¥ HepE o g’%i BOE T BT Y B MR R

=

haR AR F R

e

R FMG o ¥ R R AT Y HcBki®E(200G: C=0.5614 -
20000 G : C=0.5114)fri % 14 2 2 it 2 2 Heii[15]F F i i
Bidet el T e F2 BYREGF 7 i SR RAPM R e

hAE[11,12] 28 X A4 G xo B F “rHK o

i i~ /“L[ll]%b 2 AR s Bt BEAR T EITHIE S A
xT =C+x,T
T ¥ TIERT » AFFL xor RIEZ AL F#KC- B 4-8 5 xT

HTIERASES SRBMEFE S 435 200G 12 2 20000
G 2. xo 4 %] % -0.00043 + 0.000009 [ emu/mole - Oe ]% -0.00072 +
0.000010 [ emu/mole - Oe ] f B+ 773 & l@m?%k °

AR e Bor 1800 U().xo)¥ T IFRI(L B 4-9) 2 2 F
H(FEER A 100K~300K)> b4 35 200G+ C=0.7541 -

b 4edg-5 20000 G T C = 0.8260 5 pt B %3710 (e = 2.54 15 2

56



Ce¥ a3 2 B2 ¥#@®E 1 C=0.8061> 1% = /§’€[15]i‘§',56§ &
Ceaxis = 0.8126 » Cyaxis = 0.8512 5 pt#h > d xTH T B2 £ §EU 2

U %1 T Bz & ZForiB ]2 B4 fcz B 4 B 259 | -

57



a.  CeAuAls;_Bulk_200G

04 500
CeAuAl,_Bulk_200G C=0.5614 [ xT]
Fitting range : 200~ 300 [ K ]
-4 400
0.3
— —_—
o)
x -4 300
Q
o 0.2
£
S -4 200
£
)
= 0.1
=
1 4100
0 50 100 150 200 250 300
Temperature [K]
o CeAuAl;_Bulk_20000G
0.3 500
CeAuAl__Bulk_20000G C=0.5114 [ (T]
Fitting range : 200 ~ 300 [ K]
- 400
— —_—
o)
O 0.2
© - 300
o
E
= 1o
g 1 - 200
— 0140
= 1o
- 100
0.0 i T ¥ T T T ¥ T T -0
0 50 100 150 200 250 300

Temperature [K]

Bl 4-7 SQUID # 7| CeAUAlz ¥tz g it F & & o
a.’t4ed- i 200 G b.#b4e3-5 20000 G - F % 2
IIxHTRSERESREEE 2Z AR & 200 K
TR SRR ERwe b2 BY G

58

[20.e10W/nwa ] %

[ 20.010wnwa ] %1

[



a. CeAuAl3_Bulk_200G
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Specific heat of CeAuAl, Bulk
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Specific heat of CeAuAl, nano filtered
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