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Abstract

In this work, the magnetic properties of the ternary compounds RRh2Ge2 (R = Nd, Gd,
Tb, Dy) have been studied using single crystals by magnetic measurements and
analyzed by the wave-like molecular field model.

The compounds crystallize in the tetragonal ThCrzSiz-type structure (space group
I4/mmm). The structure is characterized by layer structure: It is built up of layers of
atoms of some kind stacked along the c-axis (R-Rh-Ge-R-Ge-Rh-R). The crystal figure is
elongate along the ¢— axis (the lattice constant ¢> a), usually.

The compounds have the highest transition temperatures among 1-2-2type Ge
compounds series. The origin has been unknown yet. The magnetic behavior under
temperatures and magnetic fields is very interesting but not cleared. Thus the detailed
magnetic measurements on the single crystals are required.

Single crystal growth of Rh-compounds is very difficult due to a high melting
temperature of Rh. It has been not successful so far. In this work, single cryétals have
been obtained for the first time by the Tri-arc Czochralski technique. So, detailed
magnetic measurements can be performed.

From the measurements of specific heat, magnetic susceptibilities and magnetization,
following results are shown; these compounds order antiferromagnetically. Below Neel
temperature, there is another magnetic transition. NdRh2Gez has a large uni-axial
magnetic anisotoropy with the easy c-axis. At the low temperature, a four-step
metamagnetic magnetization process is observed along the ¢ -axis. Magnetization of
GdRh2Gez is almost isotoropic and increases gradually having a convex curvature with
increasing field. It is noticed that a small magnetization jump, metamagnetic behavior
is observed in the cplane. TbRh2Gez and DyRh2Gez have common magnetic behavior. At
low temperature, a multi-step metamagnetic transition is observed in the easy caxis
magnetization process; for high magnetic field, two magnetic transitions with a large
magnetization jump appear. For low field, some transitions with small one. Along the
hard direction (in the cplane), a multi-step metamagnetic transition is observed.
Magnetic anisotoropy is seen within the c¢plane. The behavior of magnetization along
the hard direction indicates that the magnetic moments lean out the caxis, being
almost never observed so far and it is found using the single crystals at first time. The
H T magnetic phase diagrams of these compounds are constructed from the
magnetizations to understand the magnetic phase transitions under temperatures and
magnetic fields.

In order to analysis these complex magnetic behaviors, the calculation of the
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magnetization has been performed using the wave-like molecular field model that is one
of molecular field approximations. Usually, the calculation needs magnetic structures.
The model has been used only in case that the magnetic structures had been
determined so far. Here, since the magnetic structures of RRh2Gez (R=Nd, Gd, Tb, Dy)
compounds under magnetic field had been unknown, the magnetic structures are
assumed from the results of the magnetization. The calculations are performed by
magnetic structures assumed. For NdRh2Gz, the results of calculation well reproduce
the observed magnetic behaviors, indicating that the magnetic structure assumed are
appropriate. Thus the new way is available to get information on determination of the
magnetic structure. For TbRh2Gez, the observed magnetic behaviors could not been
explained from the calculation, showing the application limit of this model. The model is
applicable to the Ising-system. This fact proposes that the Th magnetic moments lean
out the c-axis.

Using the single crystal, the new magnetic behaviors in this work are found. A new
way, getting information on the magnetic structure from the assumed one and wave-like
molecular field model, can be developed. A significant of the single crystal and

development of the new way should be noticed.
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68



NdRheGez {LE#ICE W TH, ThbRheSi: @B H{L-EM & RERIC, B
[EFUENKEL, BRI PVOERFTIRN clihrm & oTn5
ETFREND, Lich o THIHEEOEEIT c iiZH0,0,¢) 2 BET
LONREHEBOD,

BT DOLHE T b

MBHIT, K 23 DL, BRBEMEOKE S LKHOBIE~S
M ERTT S, [HEOZEIBILOB/NOROIEIL, Nd OB H1
FrE—Ar M Me)%& 1 L Lz L ZOMIHEL LTHK 0.025 (=1/40)
EBITD, BRREMELE LTBXZE 40 By O{LZERAREZEE L,
INEREIZLTUER MVEED DL ER 24 OLHITRD ., #bD
RESIEREL L BT 5,

# 24 NdRh:Gez bt &Y DIEIES T bV

WS | NS b BlboRE & Bt R & &
(0,0,¢2 Che i) (8t fiE)
gz LA it B
I 40/40 0.000 0.000
1I 39/40 0.025 0.025
I 35/40 0.123 0.125
\Y 31/40 0.223 0.225
F 0/40 1.000 1.000
B HEE

RIZ, ZOFEEPLEHOMIEEELZET S, EBEICIEX, 20K
BEBMEE R L THETE Z2BABEIXZEAFET 525, MR
BVLDOERY, HROBIEEEZBE LR, BROSFHOHEL
EITT 5 LT,

O LZEHMIMENLO
@ FEBNTRLX—WICRARERL O

69



WZOWTHE, BE, BMEEEZZEEL, RbERHFCEI bOEHF T,
M 64@)~ (/o e BET TCORMOBMIMBEL =T, 0B,
KENIAE Nd RFALECOE— A2 b, BRI TFHOKRE S, O
KE—AL FRERBMEL 2o TWBEEFERLTWVS,

T up l down O pars magwetic moment
(2) T=4.2K Qr-structure (¢~1)

(c) T=40K Qsestructure (g.=31/40)

X 64 NdRh:Ge: OR:AMEE (BfRIZSF15) (@) T=4K (b) 7=33K
() T=40K. BIIINd FFOBKET—A > MR EBIEREEE 2o

TWABZ L ZRT

70



X 65(a)~(e)iZ T=4.2K TOBBE P OEZBOBMSHEE L T,

W it To o

() H=0T Q-struture (g.=1) () H=13.6T Qsstructure {g:=0)

(d) H=10.6T Qq-structure {(g.= 31/40)

B 65 NdRheGe: DHEEHERE (7=4.2K. &I 2RE (HutvH ) )
(a) H=0T (b) H=5.6T (¢) H=9.6T (d) A=10.6T (e) H=13.6T
BT FNTH cTH BN ONT TN D)

71




(83—3.2.b) o FEHRE

ZIGEHER Y F L @, (0,0,92{q=40/40, 39/40, 35/40, 31/40, 0/40}Z
MY D THREAL(QERET D,

NdRh2Gez Tid, % 2% X 18 ® H-THREKHK » S IAEL TvfHEE
TEHDT, 2= VR ESTHREOBRNER2) )6

A max(q~35/40)=51.1T
A
ZOEEFEIZL T, FEAMSE CTHIEBP AL S X5 ICHFEEDOSF
BREE RO, 66 I DREREZ T,

6.0
ooo“’euo‘w
4.5 1 NdRthez [
- °
= 30 | . | 35740
a s 31740
v
= 1st o°
o
&
°°a°°°°°°°
07 ¢°°°°°
Youao®
15— ' '

0/40 10/40 20/40 30/40  40/40
qz

ZOSTFBFEORTHBOBRMEIX, G PLDOBEL L= Co %
& (PrCoszSizl24]. NdCoszSiz[26]) & X S Eli-FER L Ip o7z,

72



(3—3.2.c) Ak thisR K OV& AR X

RO LN FHRBEIRICHE INT T =4.2K TORAL iR %X
67 12577,

NdRh,Ge, 142K
[001]

M( ¢ s/fu.)

H(T)

67 T =42K 128175 NdRh2Gez L& D FEBRIZ X % ek i #
(FR) L EEIC X bR GE)

AEREREERELALBRLTAHD L IS —HLTWD Z b D,

WICFHEIC L FH LR E COM L ZX 68 27T, WT
NOBETH LWVW—HZRLTWD,

73



3.0

15

M (ﬂ B/f.u.)
o

1

-

NdRh,Ge, [001] obsevation

(a)
f‘J

T=1.5K

i

T=4.2K

_—

T=10K

T=20K

T=30K

T=40K

0 2 4 6 8 10 12 14 16 18

H(T

NdRh,Ge, [001] calculatiga
T=1.5K
(b)
-~
T=4.2K
T=10K
T=20K

0

T=30K
- 30
—-=r———————————"”————;::;;_—j 1

2 4 6 8 10 12 14 16 18
H(T)

68 NdRh2Gez 1b.& 4 0 & i EE 12 35 1T 2 Ré Ak dl 1 ([001] 5

A1) () FEBRAE, (b):5t M.

74



BRI BIT DR 2 HTHKICE LD D X9 DL HiThb,

ek LTI, SREEATE T,

NdRh,Ge, [001] obs

S —
.- F
12 |
0.
1 0 7%00." oo, IV
_:q e T o &
£ g| e I
X O e 4@..‘ 1':_2’
6 | I

(a)

40

T(K)

60

16

a1 F NdRh,Ge, [001] cal
10..0.0.0.9.........cooe......
0 " eg........
12 | v R ~GN"""&,___
10 fo-ggagmome’ E
e el ey (b)
6 i
4 | 3
2 '-...,..‘ E
I 4
0 e"i‘.u.....ﬂ'.;uuva...‘h

69 NdRh2Gez {LE#D[0011J5 17 O AA . (a) F 5k fE, (b):

B

75

60



(3—3.2.d) HHMIHOBHZRNLF—

PoBEHIcB T 5MERBICE b RIFHOBHET XL —DHBE
ERTD, #EMEEPOREL BV —OBFRER 70 1277,
£-FH D Free Energy I3 FUREE O X A AEFIC D080 | FHERBE N4
CTWaAZ E&Bnbhsd,

o 10 20 ™ 40 50

-3 ;.“m.f_.____ Qy-structure

Qr—structureI

NdRh,Ge,
FE

21 T,=20K

FEK/fu}

Tw=50K]

=31 f

Qa—structure

-35
B 70  NdRh:Ge: (LEMDOFHEIHICEK T 2 AH= R X —DiR
BRI

DT T=4.2K B BBBP TCOZMOAHRZ XL —DH#EBE
7112R T, KD Free Energy i35 F a5 T & A REEEIZ D7
BY, 1 REBIZEIAHEBESAE LT TCWBE I EARDLND,

H(T)
0 5 10 15 20
o | Qq—structure Qs-structure
i l Q,—structure
..726 | I
‘E Hc1
2
w—-30
- Q,—structure
_34 -
NdRh,Ge, Qs—structure
-38
71 NdRh:Ge: (bt EMDOEBKIBIZI T HHHZ RLX
— DREBKAT

76



(3—3.2.e) m&fL=E

c 7Moo LRMBROFBLZ R A2 5, BEEOFHFIZIE, BEICEE
ENTVWELERETCOHMILERAVWS, FE28FE X 18 b, H =0 TOR
SFX, T, O, M, FMO4A4MBIRERD, K72 X, 14E, T,
A, FHOBLERHREZZNENARLIZBOT, BHZXLX—0b
B e, T=20K~3TK i COMPESL 2D, Z OMOBALERN
e KREL e b7, T OREFEBTIIERME L 1T 0 NIRRT
BikE 725, T=3TKLLETEHLL —&KT 5,

1.4
1.2
1.0
0.8

x (us/ful)

0.6
0.4
0.2

0.0

72 NdRh:Gez (b &W DO H BRI I (T DWALEGR « Ehr
i)

(3—3.2.f) LB

BRI OFFRERZ K 73 1ZRd, T E A& OB RE2ED KR
ENPREIN—EZTRTL TN,

77



|
20
i l T v Tn
18
NdRthez

Cmag(d /moI K)
=)

o N b~ O ©
S T

T(K)

73 WAL BN DR BE KA (R SE BRI, 75 3 LMD

(3—3.2.g) FERMBPBNRTA—F

{E%5> 5 NdRheGe: O %5/37 2 —4% (B),B;,B,,B{,B;) %R

%
bbb, B) ORTA—FIZONTIL, FEHHOFEBALRN SR E S
HHMEX 2 — ) —mBLUVST A—4 L OBEFRR,

B° — (G100 = Broon ¥10)
3(2J -1)(2J +3)

2

BY =-251K

CRIELDZENTE D, TOMDNT A —Z THBOILEWIHES
NleTF—Z IE L L CTEA L, EREMEEE O MR & o fitting
(K7 I XD/ NERIEICE > THEPS LWEZ RO TN, D,
TDONTA—=Z 2 HWTEAMEE KD, TRAF—HFENOET—RA L FD
BCELEe EERBEN LU BT — 4 L O D Rl AR E A D T <,
ZDEICLTRDENRT A—FEF 25T,

78



1.4

12
= 10
g NdRh,Ge,
> 08
%
206 [001]
<04 |
0.2 [100][110]
0.0 :
0 100 200 300
T(K)
74 Wb R OB ERFGR - EBRE. F : 5H5EMHE)
#* 25 MG /NT A—X
B, [KI| B [KI| B, [KI| B IKI B [K]
-2.51 2.42X102 | -1.26 X108 | 3.00X104| -1.53X10°10

TONRZA—ENLHAELEEAMBEEV) EBKE— A NOEEY
<H>EFR 2617, 20K 26 OHFEZRNVXF N EREEL D &
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W L RERIC Al RE R G TRO I AE S b D EFNT, T=5KIZBIT S
BB CREMOBILICEDLEDS LK TT@~OIRT L5 IC, BAE
EERRTE D, LZAN, EulgaPh ik, PHEFEITORE R 6
7 Pp0,0,1) 725 AFTRIN R — VR ETHER SNDZ LIZRD
DT, TP Y RERGTHBREBLETHY, ZHEEFHEL, &
B CoBREE K770 ~ODORBEEZARARIZT S, . RickH
A TETK ThPPEEEA TR CIHCESER T2 L THE i
BhicBWWTHRREZED THEAHEL, Eogh oy En &
RAEBRBERLFETHRERLRD, o T, BROET VB LOHEE
LTV ARSHEE CIIB LB B OB/ERN TE RN o1,

T b

(@) T48 (Q:1=(0,0,1))

Y Y

(b)) THE (Q2=(0,0,32/40))

jaizianiazinintaziztaizninnizint

(© I# (Qs=(0,0,31/40))

T,

(d IVH (Q+=(0,0,30/40))
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(e) V#HH (Q5=(0,0,25))

L1

f FH (Qe=(0,0,0)

77 T =K IZBITAREFTORSERE @I, G IHE. @I
., QIVHE, Vi, OF+E

(8—3.3.b) FERBENRNTA—F

BéAt 3 5 TbRheGe: DiE@S 5 A —4% (B}, B,,B;,B;,B;) %5

b D, B DT A—FIZONTIE, FHF M OFBALENHRE D
WX 2 — ) —HBLOERENT A —# 0> 5 NdRheGez (L&Y & [F]
Bz T,

B) = —2.600K

CRBLDAILENTED, TOMDNRT A—ZFEUOILEH P LHES
NET—ZENHEE UTEAL, ERMEFIROBARMMR L O fitting
(K 78) I L DB/ ARIBIC L o THEN D LWEZ RO TV, £DHE,
ZORGFA—FEHAOCTEABELZRD, TRXLF—HEALE—AL D
BOEHELR CERH L BT — 4 L OB DREREZRD TN,
DL LTRDERT A—F%FEK 30 ITRT,
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cal Tb Rh2G82
3
'; obs/
[T
=2} \
5 . N [o01]
~ ca
>< 7
1 wgww”*::;xwﬁ
[100],[110°°—°
0
0 100 200 300
T(K)

400

78 WALEOREMKAFNE GRERME, FFH5EHE)

= 30
B)[K]| B IKI B, [K] B! [K] B! [K]
-2.600 3.674X103 | -6.501X108 | -4.691 X105 | 7.483 X109

ZDORTA—=EIND

F—ALPF8YugLEE—HLTWEG,
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HELZEAMEBRE— AL NOBEY <Jz>
2 31 IR T, TOR I 0OF/RXNVF—H#LL2RELL L, K79
DEICD, BIELANLE—HEREE TOTRILF—F v v
TR T6K LD, EBRTHR— R (T8K) TOMK T hrbt—N7b
RS (4.4) DD ENRDLLroTEY, ZORRE L —ET 5, K
B (GEERRE) TOE—AY FNOEFEL YL 9.0us & 72D, EBRE T




# 31 FEAEMBEBEKT—AL FOEHHE
BEAEMEIK] | -157 | -157 | 80.8 |80.8 396 |39.6 |11.9|11.9
Jzl 1 Bl -9.0 |-9.0 |-7.47 |-7.47 | -6.03 | -6.03|-9.0 | -9.0
BEAMEIK] | 72.6 | 72.6 | 122.6 | 122.6 | 141.9
Jzl Bl -7.47 | -7.47 | -6.03 | -6.03 | 0.0
Tth2G32

299K

280K

230K

169K

118K

76K

0K

79 FERBIT L DT RNF —HEN
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(3 — 3.4) DyRhsGez



(3—3.4) DyRh2Ge:
(83—3.4.2) FEfRB/NNT A —H
W it & 2> 5 DyRh:Gez {k & ¥ O i &% N 7 A — 4

(By,B),B;,B,B;) #5B8¥T 5, By D)RXTA—=FITHONTIE,
TbRheGes (LAY & FARIZ A Gl 7 0 0 WAL 6 3R E 5 H MY = —
U—8mbREbDZ LN TED, TORRK,

B) =—1.126[K]

b, FOMDONRT A —Z T X7 NdRheGe:z 1b& W<
TbRheGez {b&W & [ARITRK D 5 (K 80 i fitting D7 T 7), /XT A — X
Z$ 32 TR,

5
cal DthzGez
4 =8 =0—0—0—o -
[0011 e =—3-32
KN
K .
ca
SR o
=< o ——0—0—o & @ @ -
1 [100]1[110]  ©bs
0 L 1
40 42 44 46 48 50

T(K)

80 DyRhaGes (LAY DREALFE DIR KT (R EBRH, F 5T HE)

* 32 FmG T A—H

B K] B, [K] B, K] B, K] B/ [KI
-1.126 3.316 X102 | -1.233X109| 2.069X104|-1.024X10"°
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TONRTA—EPHLEHE LEBEAELERE—A L N OB J7>
2% 33 IR T, TORNPOLEZRNAF—EMNERELD L. K81 O
kownsd, BREL_AANLE—FHEREBE TCOTILX—F ¥ v 7
¥ 56K 2725, EBBRTHLR—/Lm (40.5K) TR T b bE—056K
BN (3.8) HDZ EBLNhoTED , ZORKRITHEWEL 2> TWND,
KR (BERE) TOT—AY FOBFEH(J)IL 8. Tus L2V ERIE
THME—AL M TYu g LT H EHI%KEVELR-oTWND, T
i, EERELE-FREREOT XL —F ¥ v 72 5K L/h &N
B, EBRICIK, B— A2 FOBEHO/ISWE—RHEREBOE—A b
(7T3upMBNBRALTWVEEDLEEZXLND,

#* 33
EAE[K] | -587 | -587 | -582 | -582 | -227 | -227 | 78.9 | 78.9
Jlusl |-87 |87 |73 |73 |-6.0 {6.0 |-47 |47

BEaMEIK] | 225 | 225 | 232 | 232 | 249 | 249 [ 611 | 611

JJdusl |-33(38.3 |-067]067|-2.0(2.0 |-10.0]|10.0

DthzGez

1199

834
819
813
666

36

5.6

X 81 fEmBIC LD Rr VX —HN
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(3—4) FLHLEE

ZOETIT., HFBEIELITH H Wave-Like Molecular Filed Model % >
THEALA Y ORBMLER 2 Y OFREZITV., SHEAHOBIMBEICL >N TEE
L7 £, RBBOEEBLRARL-D, BILENOERE T A—FE2R
Bbof, UTIKRERZEEDD,

(D NdRheGez (L& #Tlx. cHliH D 40 4 Db BN & RE S ALK &
LT, ML E LR, EREGMEHR &0 L n—ERB o,
T, PuBEh T, BREECHEO3OORRLEENS PLEDO
RESAR(T 42, T4, A2 B, 04, MM TES FEPIEr L2500
BCHEMMENRREI B2 T/ LER T 28 DBEEENE L,

® TbRheGez (bW TiZ. cHEFHD 40 E ORI E BEREMaE L
T, #EE2RARN, ERERUCHER L O L W—ERELNT, ok
o R T, RIBEROBRES AU EOBKHE TERBAENEL DR L
ERERICKTABENHTCLEVWET VOBEICEERIDOZ DR &
ol

® R=Nd,Tb,Dy DV THOLAMITINT S, ffhiE ST A —4 B ii— 1
~—2KRBELRY, —HMBKEFEEZRTEEZLND,
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4. ¥ 1E

A% TiL, Rh %R (RRh:Ge LG Di%E DO E (Felnar et al.[3]%
X Ot Venturini et al.[24] )icdt LT, U TD 4 >0 8I12EFB L, #ER
ExIT-o Tz,

@® RRh2Gez (R=Nd, Gd. Tb, DyMb&#iL, R —/L RS
MKEBRNFETDHION?

® ~/vﬁuﬂ_&xm$f:1§ﬁz>ﬁfﬁ*5%6\ Z DHEREBIT

hick2bD7200°2

® RRh:Ge: (R=Nd. Gd. Tb, DyMtE#OB(LEREDOLEIT
EDXHiTloTWB O (BH(H)—RE(T) ORI
EDL I TWDBDH) ?

@ DyRh2Ge: DHERE— A > MIEIRFEIK T ¢ @2 ST
HDM?

IO DBREICHTIMRESR I LD, Z xRk Am LEEBILEY
RRh:Ge2(R=Nd, Gd, Tb, Dy) DH g% ER L, {LEHOBRHI 2R
BENEW LN T B EDOMEEITo7, £iz, BMRIEBEBRAPE .,
KB EAERABRNEEZEZLND Z DILAEYMDORBLDOEEEZH L NITT
B-diiE, @G IT~) TOMILBENLETH D,

PLEDX D RO L &, RRh2Ge(R=Nd. Gd. Tb. Dyk&HOE
EEAER L, BB B, BEEEZFARDZDOEREIT o,

LTI, KFENLELDNT-ERBIOHEKREZIZEL, REIZ
RRh2Ge2(R=Nd. Gd. Tb., Dy{b &M DOBKHIRIE S BT OV T OH
LWHIRZFE &5,

2 BECIIRERILE, BRI OERBMEERE, BERER L0
£ F @7 (TbRh2Ges D ) DfE R DUV TR AT,

(2—0) Tk, BEE— AV b2 bLRWVWY 2 &L YRh2Ge: R
EROERBREOKRE R, ERFER)H. Rh OBKER 2R
TREZBRH I NPT,
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(2—1) Tit. NdRh2Gez (LEWMB R —NELUT T2 DOBKIEHE
Ha b oI L ROBILE S (e ) & LR EERh 5 m & o MR — i
SERFHELD, REFEIR CTEEEAZMEEZ L2 LR EPHALICR
72, [0,0,11 5 M TOMSMR(H— THEK)TIX, 5 20OBRMEE LD
ERbholz, £z, faAf{ES Nd BHA A OBKE— A FOKX
FXXV/NEINWZ LITREBITLDRTRATE D,

(2—2) TiX. GdRheGez [LAEWHN X —/V R T THXEB AT 1
SEOZ LR cHNTHIKEFEDL L, RBHEHE T 1 RO A Z %
HOZ LR EBHLNT R T, BERMHAK(H— THE) O2EGITARHT
HHA, KR, ERESERICORBEERE b O b o T, F.
MBEE(ISD THMMICELRVW I L bR E—A v MEICHEE/ER
DL BNTNDBZ ENELDBND,

(2—3) TiX. TbRh2Gez {LAPH R — L LU T OIRIR IR TR
EBEE 1 Ob DI RSB A OB EZ D2 L AP LN
272, [0,0,11 F MO BERMAK(H—- THE) T 2< L b 6 DOMKMHE %
HortEZOND, £z, PHETEIOIE. AFI B OBI#EEMEER
DR = E THERF SN AREN S b, BRI EERh 7 W DR
RIELE D SEIEFER TRET— A M c#in b LB TV S H
REERH D,

(2 —4) TiX. DyRheGez {LE#MN X — /LU T OIKIR R THK
HEBAE 1 Db L OBMLE S Eh(c B 5 m & Rkb R EE 5 m & OF
THRON—HMRESFED S, RRERCTERIEA B2 b2 L
W B 2N IR o Tz, BHEERR X OB LRSS M OB DR D BV D
(IR COMKRER LT Tid, BRE— A2 M cli? DAV TY
L2 ENEZLND, BEHRHEH—-THR)TIX S SOBRMEE LI L
Nhhole,

# 3 E T3 Wave-Like Molecular Field Model % FH T TbRh2Siz 1k,
S OEF EHT. HEWNIRh2Gez. TbRh2Ge2) DAL @R D FHH
BiTol, EOBRGONEEELRBRIEEN D, BAEERICO>WNT
w7z, 3 — 1HEiTiE. NdRh2Gez bAMOFERRER~T, FHER
BEhb VY uBEPoSiEE(IA, IHE)T/Y7 L & OREEERN
B, PolE o sHaEEAF )28, SFRICK 28Ik
HPuThy, ERFERLEET D, £ BECX>TEaBBETO
X7 FANELT D Z LiE, Venturini HOWE LR D, BBET
THL, S TIC D O TRMEIEEAR, BT A —4 BT,
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@

)

—2.510K L 725,
3 — 28 CiX. TbRheGe:z (LEMDIHERHR LR~ AR

¥ a B OB IEE (I FE) T A BBk bz ff O S EN RN, i

FP RSB DHMEREEAF]I BN R — LV RETHFSND Z LD
LEBRRBRLIFBEIDH/ETHY, ETNA~OBEAIHRENE D, i

T A—F BYid, —2.600K L7z 0, —EARER BTN TR,

3 — 3&iTi¥. DyRheGe: {LEMORE BB O AR R LRIz, Eidh

%5 A —# BYix, —1.130K & 720 . BREFENE,

PlEnE2ET, BEIBOHKENDL, RO 4 SOFFBEICK LTUT
ORBIE/EENT,

RRh2Ge2(R=Nd. Gd., Tb, Dy){b-&#ixF — /L AL FICRER R (N
X2, Gdix1->, Thix1->, Dyik12) b,

YRh2Ge:z (b &M OHBHE LV BREBEZ R TRFEIAZ ARV L
Mo ZOEWMTE TS Rh ICE2BRET— A Y M BLUBREERIX
RWEEZOND, £, TOFEDUSMNI RhIZ L DWKERIT RV E
EZLRDBIME LT, UTFO2R08%FT50 5,

(1) TbRh2Gez (L&D ¥ v B CoO P T EIYT) 5 Rh OBEKHEE
TR T HARIE T FVITHER TE R,

(2) TbRhaGez (LA WDEFIRL DK E X3, Tb BHA A4 DEERE
— AV PLIFIFELWVWI 205 Rh OBKE—A Y M3 eE
2bhd,

RRh2Ge2(R=Nd. Tb. DyMt&#ik. Bt 5 8l (c i)~ s imus (H
=0~ 18T H T 2 # Btk "4 (R=Gd X c M), R=Nd. Th. Dy TiZ
XHIEET CIENREBBEIEA Z LR L, B H)—RE)
BASAAR CIHMEIRER CHAERBMKER L 25,

Reb R L OEHS 5 16 OB L O #R 5 8\ 5 & DyRheGex (LEH D
MERE—A Y MIEKBREE T el HHEVWTWND EEZDBILD,
Yo coPHEFEH) S TbRheGe: (LAMIXIKIR, ¥ aiihH
T, ZE~7 F1(0,0,1)D AFI BloOBESHEEEZ LD, ZOBEIXR—
NVEETHR S NG, 12720, BALRIE D O IR R TR T — A
VR cEMNBBEWTW B RERENR D D,
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® NdRh2Ge:z t&¥ix, Lo ¢, BEELIHEWI SORR LR
B MBS OBSM(I A, T/, IE LS, I, MHETIES
F8 L OBFRCHBMEEZ T TH THEE T2 S RABENSE O,

P b, KB CIRIBESAES BWICRKRM O 3% 0> 72 RRheGe:
(R=Nd. Gd. Tb, Dy){tEWH OMKERE SLEMSIC X 2B BROER
et (H ) —BE(T) BEMEX) . L ORI ZRIEDLE AT OVWTH L M
FBHZENTE R, £/, TbRh2Gez &M E X U DyRhaGez (&M~ D
EFNLOBRICITRENE D L 2o 7253, NdRheGe: {LEWIZDOW T
EBRERLBEETHIBRENAEGELNATRY, 4%, PHTEITERICL 50
ZINMEL 2D, DyRheGez (LA E LU TbRh2Gez L EMIT OV T H K
EER CORRE— A v FOEXIZTHOWTHE RS FEPTIC X 2RSS
BCThbH,
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