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Abstract

Pulse laser deposition (PLD) is a good method to fabricate alloy
nanoparticles. In previous experiments, CeAl, nanoparticles can be
fabricated in anarrow working pressure range between 0.01 and 0.3torr.
Under low pressure ( < 0.01 torr ),the samples will form thin film easily.
And, under high pressure(> 0.3torr), some impurity phases should appear in
nanoparticles. For this narrow working pressure range, it is difficult to
change particle size by controlling working pressure. Recently, we found
that via magnetic field assisted, the narrow pressure range can be expanded
for fabricating the nanoparticles of alloys.

In this study, firstly Mo nanoparticle were fabricated by PLD with
changing working gas pressure, distance (between target and substrate) and
magnetic field strength. We found that the increasing of magnetic field was
equivalent to change distance. For fabricating CeAl, nanoparticles, the
highest working pressure can up to 3 torr to-obtain pure CeAl, nanoparticle
via magnetic field assisted PLD. The different size nanoparticle can be
fabricated. We found that when the particles’ size was reduced, the
Curie-constant will be depressed. The small Curie-constant reveals an
occurrence of the valence transition from Ce®** to Ce*". This behavior is

similar to that of Ce-Al compound in previous study.



P &

G OSSR SSSS I
PR B I
N 011 - T P TRTR Il
B B ettt ettt st Ee e re et neens v
e B B et VI
] SRS VIl
B I B F v et h e ettt b et e re bt neerenas 1

1.1Ce 3 K & EHE I i 1

1.2 FF 7 B T P fi i bbb 4
B DR AT B BRI s 6

2.1 BT B Fo B W BB it e b 6

22 BERERZ KA O EIT 2L B E i, 7
2.3 P HRIEZ AR i s 8
24 B AR o 9
25 TR K AT, 11
2.0 KONUO BB vvveeeietei ettt e ettt e e et e e s e et e e s rear e e e e s reareeeeeraanes 12
2.7 RKKY R I 15 H it 13
2.8 CeAly 78 7 FAL oo 16
FZF FERIARE R BN 17
L Bt B 1T 17
3.2 2 K AR B 1T o 19



I e 22

YT S A < TN R 23
S5 ATHE B F F R o 25
F2 R B A P 383 s 27
A1 "% T B FAE MO BT oo 27
411 72 F 3 F BA 2 i 27

412 7 B A FEHEZ WL B 30

413 7 BRI E 2P Bl 32

414 MO 2_ o 1 F BLERIT R 2] e 37

D15 ] e e B e R e e e 41

4.2 P 0T B 7 A8 CRAlL v e 43
421 XRD 5 A& FEE ittt 44

A.2.2 FJZ R ] A AT i i e e e e 47

4.2.3 A i s 52

A28 23050 | e 57

EE . - TP 59



7 P&

2417 F F B ZF I T e,
4.2 3 AFEEIZ T 5 BB e
4.3 3 PRI BEZ T I FE e
Fe 4.4 T B A CeAly 20 F 3 BB oo,
# 4.5 CeAly 2 F Mok & AP BdR 20 WY i,

Vi



@l 1.

@l 1.

il 2.
B 2.
B 2.
il 2.

Bl 2.

] 2.

B 3.

B 3.
B 3.
B 3.

B 3.

B 3.
B 3.

®l 3.
Bl 4.

W P &

1 CEAL FY FU BB oo, 3
2 CesAl B 1 FHHE B TT Bl oo 4
1482 F Mok B Foee B F 8 Bk F| BBl B 7
2 BAEEINE Uy 3 T 77 BB e 11
B CECUG Z T FE K oiiiiieeesee e ee ettt sttt 12
4@FT L& A REAAEHBET S (D)BET F FIEAEEY F

BB B e bt 13
S5RKKY 23 8% &2 Kondo = 3 (% 55 7T 2 Bl cooveeeeeeeeieeen 14
6 CesAly Fo B8 7T R Bl 16
13258 (ARC) B Bl 19
2 "y S Af 2 (PLD)R B fe B Bl i, 21
R 21
4 X EFEEFTT £ BBl e it s 22
5 7ENT FHME(TEM)EE Bl 24
6 EDS(Oxford Inca Energy 350)........cccccveiieiieiieiie e 24
T AREF BT s 26
8SQUID £ 5 B E £ 1 A oo 26

1Mo .4tz XRD SE5+/ > & > x# =% kp XRD F#E....29

Bl4.2 2 Ff 4 B4 T Mokt 52 XRD 5B, 29
@4395f)‘§,#&m%ﬂ|‘}’ @’Jﬁ”lfﬁ?i’? ............................................ 30
Bl 4.4 o AR ™ Ao 520 XRD S5 B] ooeeeeeeeeee 31

Vil



D BB HER I AR M G 32
.6 B4 A 0.0ltorr Tz REIHOR R &2 XRD $E&HE] ... 33
7 R4 B 0.03torr T RSO R &2 XRD Y5 ... 34
.8 B4 A 0.1torr Tt RES Aok R x 2. XRD SEEE] ... 34
L9 R4 A 0.3torr TR RSkt F2. XRD SEEE] ... 35
.10 B4 A 001ltorr T SR W e It B EER R 2 GE....

J11 B4 A 0.03torr T SRR BRI B ESR R 2 M B

12 R4 A 0.1torr TR R R B L B R R 2 B TR

13 R4 A 0.3torr TS R Heehsgt it B B 2 B TR

14 Mo 3 Kok & 120 TEM 22 0B % Fis 2ezt 38
.15 Mo 3 Kokt & 22 TEM 22 Bl 2 s 2ot 39
.16 Mo 2 F ikt & 3 20 TEM B2 Bl % s st 40
17 Mo 7 F ok de B BB RS B HA FR] e, 41
.18 CeAl, 3+t 22 XRD SE5+H] » 7 > K@ =% &k p XRD 7 E44
.19 CeAly Hed 45 5020 XRD-SEFF B oot 46
. 20 CeAl, At 4% 5 *H e BT % e fc 2 4528 =2 XRD %544
.............................................................................................................. 46
21 F R A G Ltorr 3 OFAORSEE BRI Z R e 47
.22 CeAly 2 K okt &1 22 TEM 2Bl 2 s bzt . 48
.23 CeAly 2 K okt & 2 22 TEM 22 Bl 2 B84 7 e 49
.24 CeAly 7 K okt & 3 22 TEM B2 5Bl 2 B A 37 e, 50
.25 CeAly z K okt & 4 22 TEM B2 5Bl 2 FUE A 37 e, ol
L 26 CeAly Bt 2o B2 1 W AR Lo 52



Bl 4. 27 - He 5 &+ 0.25torr W 422 CeAl, 3 F Mo cgi it J¥E R

Bl 4. 28 CeAl, 7 St Mo it FFHE R B T 56
Bl 4.29CeAl, 2 F ek B K FFE v 38 B ¥ Se B3 S7



- AB®

1.1Ce z F & & ik ingF s

4« =~ % (Lanthanides) » 4 =& % 57 %fa‘u%ﬁ(La)i'J 71 8.~ 2 4)%
(71)2- ¥ 15 f = % cniafi o 4USC)frde(Y)F1 5 5 F 240 s ~ % b A
R4 PR ﬁwmﬁgﬂﬁ’ﬂwﬁﬁ*% SR AF
LR A F R ARE o Tl R F i R3dh o B A K fo=t ot

FEH YT g o gL A

02 PPREF G RTH ST A A R Rtk R iy = RS K (4
k) > b'%."lé%,fs ~EF R FHG A AR o

B AE Y KR AR RS S AR R ek B
LA R L g pE o S nbdBS BA Y TF APk 4TS E
£ 2R i p xS R £ &8 LR ¢ A5 = g4 (magnetic moment)

DAt B4 AR chE g{:ﬁd H A T 3 (conduction electron) # ¢t ¥ e &

4 #+ RKKY = 3 i® * (RKKYinteraction) ¥ 3 # 3 A (magnetic
ordering) # 7| » i & A R E R A B o5 o] 3§k R A& (critical

temperature) Top¥ 4 € 25255 — * 5 »d 20 AfE TR e B F 5s2.

SpGé] E 3 o in iR NE F B g::’ég\ 4fé]?_,'+m@%?’7ﬁﬁt }%]? E%-ﬂ
(screen)m BE IR 1AL ¥ ffAA £ £ ¢ BE ARG 0 2 0 4 N BT E

(Kondo)»z i °

§FCe)EMM i ~F P R Fav it Lb el £ e JDERL



(Pauli paramagnetic state) - 4z % it (superconducting state) ~ 1T % & 2 &
(Kondo lattice state) ~ £ % 5t £ (heavy fermion state) -2 7 i (magnetically
ordered state)® 7 ¥ 5 7 Ce hE 7 F £/H 1 £ 4 F1 5 2 p e
% »cJis(Kondo effect)2 RKKY »cflss & ehjp 3 k4 4p g & 31428 A B
EAET Y o AR R 24 g £ AA = (V) N(E) H &

A AR PE T F AR E TN 2 B & AE) = E—EpenfiinT 0

PREAEW B I f § 03 BTG B DI % S $(Kondo lattice) & st

¥ Ce £h ¢ £eF L 2k SILE N HA > S HHN RN R
Ce 4},{%’(‘1‘*miﬂrﬁg/{5m9}§k|jﬂ ﬁ-xz'ﬂ Pt i~ X EF @ fr 5 4 0 o
TAGETE Y gk TOUFCe £ & 8 B FEG EE AT S

RN

(=) Size-Induced Transition from Magnetic Ordering to Kondo Behavior
in (Ce,Al) Compounds.[1]

PR 2444 Ce & &k seiCeAly CesAlCesAly ke i7/7 3 o
CeAl, ¥t 5 F 488 Ty & 3.8Ko,%‘gzi PIEH v E R R R T o
7 4 CeAL B et £ % f 5t # (y=150mJmoleCe’K™?) ~ &3 1t #
Apii @ LaAL B2 R 3 R HES i BT R T
%’ﬁ“‘z’ #r",ff LaAl, st £ m & (7 CeAly s vt g b o & % Fu g ggi2 @
o T xage g L 80A e CeAly 2 LaAly ficke » 7 4 I CeAl, srjic
38K PEX il F 4t 17 CERRP AR R (4 3 X B o
BL) o I e ig BRI £
Cegp3 » 9 7 Ce¥ b enmm % [2] daip| 2% % 2 ~F »c i (sizeeffect)

X kewsojzki#y FRE AR &EH 40 375

2 H_ % G ff 2o (surface effect) ch s &8 o gt ob § 3 vt 4 % e y=7000
2



mJmoleCe™ K™? » pr &gt B4t < > % ¢ Kondo »cfis e 55 «
Fﬁﬁqﬁﬁdéﬁﬁ&w%
&F‘ T Ce ml% ﬁ'{ﬁi\% Y

e 54 50 CesAl {r CesAly »

Jib

% Kondo »o i 3 55t % B 4 o

511

™

A
=m

H

7

s
£ i #

Ce

(a

L & Hopth- 54 ¥ U -

) 2.0
)
.
15 & -
T e g4
[<] o /
3 bt E )
Y 1.0|eg E
s |t !
— : 5 W 5 X
|~ (3L TK)
(S . see sngeseg
K T otttiietes
Naret®™™ posssl
0.0 et A : Lot
0 10 20 30 40 50 60
T(K)
FIG. 1. Temperature dependence of specific heat, in terms of

C/T versus T, for bulk CeAl; (closed circles). The phonon
contribution CH 15 assumed to be the same as that for bulk
LaAl, (open circles, showing a small superconducting-transition
peak at 32 K) The dashed line represents the sum of Cpy, and
Cry (diamonds). Inset: Integrated entropy § = f [c - Cpn —
Coy)/T]dT.
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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 1image). The phonon contribution
Cpn 15 assumed to be the same as that for 80 A LaAl, (open
circles) The dashed line represents the sum of Cy and Cg

(diamonds). Inset: Lower temperature (C-Cpn-Cory) values be
ing fitted to the Kondo 1on (J = 1/2) model with IK =065K.
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Fig. 2. ZFC reduced-magnetization of bulk Ce;Al,; at various
fields. Inset: 1/(y —y,) at 1000 G fitted to a Curie-Weiss
relation for 7" > 100 K.

Fig.3. ZFC and FC reduced-magnetization of nanoparticle
Ce3Aly; at various fields. Inset: 1/(y — y) at 5000 G fitted to a
Curie—Weiss relation fot 7> 100 K.
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