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PERY, BV T = U BEMERY Ising chain 28, AZHAAH ALVER JIZHBIS 2 A B 0 RERD = R L X —FEEE (A, = 8J;
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“Collective magnetic excitation in a single-chain magnet by electron spin resonance measutrements,” Y.
Oshima, H. Nojiri, K. Asakura, T. Sakai, M. Yamashita, and H. Miyasaka, Phys. Rev. B 73 (2006) 214435.
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"Oximate-Bridged Trinuclear Dy-Cu-Dy Complex Behaving as a Single-Molecule Magnet and Its Mechanistic
Investigation," F. Mori, T. Nyui, T. Ishida, T. Nogami, K.-Y. Choi, and H. Ngjiri, J. Am. Chem. Soc., 128, 1440-
1441 (2006).

"Tetranuclear Heterometallic Cycle Dy,Cu, and the Corresponding Polymer Showing Slow Relaxation of
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(2007); doi:10.1016/j.poly.2006.09.048.

"Quantum Tunneling of Magnetization via Well-Defined Dy-Cu Exchange Coupling in a Ferrimagnetic High-Spin
[Dy,Cu] Single-Molecule Magnet," S. Ueki, T. Ishida, T. Nogami, K.-Y. Choi, and H. Nojiri, Chem. Phys. Lett.
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2> T T 5, 0.5 KOBALRRRIX, 45 TORE L ¥v v, 6~23T T138iML7F +—. 26 T
BRIz 28 b7 7 b—E B b A ERENZEEIZ /R L T35,
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Bl STz, BHEDA U 5 gapless FHCTIZHEFBEMA A S 7223, gap HHITBKRZ R L1Z, £, g W1 OfH
1L 80 KLATFTZ& b L, IREMTICf W, HIl a TIEA, HIIb, ¢ TIEHKR L7z, IREEKAFIEIL gapless fHT
IZHEFAZAE, gap FITM K 27~ L, L2 aFn3 2 SIRERFIEIXIEEA RN o7, 72, 05K, 1.6
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REVHRERT R THY, HII b, e DIFFFREOBEM THT=DIZRt L, Hll a3y 7 NOFmnikies
fERETeole, TNHDOZ END, a MiPBKPIRFFRIICTH Y | ZOHMOBKMHEEARBRNES 2 b
Do
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S=1¢ 8=1/2 DIRE A ZWE BIPNNBNO HiLiHIZOWT, MBS EF A B HIEFER AT 7,
Fm¢fi afihizmiz 8= 1Ht%;05 12 RO R A LIV, bl mIZIE, S=1 & S=1/2 DM
WCHEEDR R B0, REBRICEY, BOBKHEEERNL a BiFMICHEET LI ERH LN E RS T,
BIPNNBNO 73 f1% 453 = ﬁﬁXB/%L%ﬁL 2 50 S=1/2 BN HR FEREMER ALAEH 2kl ks = 860K)
MBE S=1FEATEA L. FEY @ S=1/2 & ORNTIZI R REEAR EAEH QJar/ks= —30K) MBI < = & 726,
& S=12TIalT2 L, ahhFRORAEY Ry NU—J 1 3VGEEMEEROSH 2 V7Y 7 — R & &
T ZENTED, AV T TA ML —Va rOFE, FEMRBEAREE IO WTIL, 5l &HEmitamid 2T
ETHD,

5.  FER (W) X
“EPR Measurements of a Two-dimensional Spin Frustrated System, BIPNNBNO with S=1 and §=1/2” ,
T. Kanzawa, Y. Hosokoshi,, K. Katoh, S. Nishihara, K. Inoue, H. Nojiri, J. Phys.: Conference Series.
51 (2006) 91—94.

—135—




~IF T oA v 7 WHE RMn05 281 % BRE SRR O FE

FALK « et AAZ 2, T, fRxsr, BTFHER,
ALK - @AF PEIEL,
N TIEREE 7N i S ¢

1. ILoic

ERBEENE ME 2F) , AIBEGHEIC L5 ERMEIIESLFHEIC X 5 BB, 2R TWEITH<
MOBIFELTWER, ZORORE L, ERAMET2I2EHEVICH/hST &2, Lo Uik, TR
72 ME Zh & (Colossal Magnetoelectric effect; CME effect) %7 <9 RMnO,<°RMn,0, (RIZBi,Y, A t3H) L9
WYE DA &, RN, ICHBFEOME TRERERZBEOTCND. ZILHOZRORKIE, MikERBIR
FE L R RBIREE RO Tt <, FMRBHENT NV OELRFHESR, BEXNMOELITEREZITRS L
TNHZETHD. LnLehib, CEZROER, AIbAE s EERIR (RF2EA) OMAERHORIX
FEEHLNIT STV,
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I E CHSEBIHRN7 MV EFEMEORBRIZOWNWT, ZNETEHL OB TONTE TWAD, HLMNIC
SAVTCFEM 72 RS BIFR IIAFZEE I KL > TR > TE Y, KY DT TOMME L FHEMEORBBENEL T-E 0 L
TWRWORBURTH L. &2 THea L, i REREITESR & BRI E R & FIRFIZAT 5 S CIHAR R
PEDORILR & BRI EMNEOBMRE HERICIA DT 2 FER AT

3. WHEEE

ErMn,0; K OF TmMn,05 & FI W THESUBHER 7 RV EFEEHE - B ORRFAIE 217 572, ErMn,0;1%, 45K AR
T, REOK TS T, 1T RESHMEIHE—E T ARSI T A SRR OB RS AREES & 7R T
[RIRERNE OFE R, BN B MRIT P CTh 248 T HA RSO B L RIRFICBAL, FAREA O 715
AREETIINOMBD R E ENAMMITNEL RDEENS -T2, — T, B REARBERI— TR ORS A —
T ARIEA R JE IS TS BEEAE OB RAREER 2 7)™ TiMn,0; Tl, <01 B 2275 B/ i A% 13K
BRSO RIFET D0, KIBOK F REABEHE TIE—ESmAHET S b o0, HFOERER TSy
WABIND Z LN o Tz, BICEREONEIC, RS O R FE T B ABMEHE T E e A S L
7.
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BRABFE N7 FL LEEER « SO FRFEIC &V, BRESKAER & BRSO BRSNS b
(ZTE 2. BT ES R &R ABEAR & OB, FIIKIE Tk Z 28K - 7 BAHERR ORI 722 A
N=ALEWENTTH BT, BEELMRABERGD Z N TE.

5. FEFR (W) w3

Simultaneous Measurements of Magnetic Neutron Diffraction, Electrical Polarization and Permittivity
of Multiferroic ErMn,0; ; M. Fukunaga, K. Nishihata, H. Kimura, Y. Noda and K. Kohn
J. Phys. Soc. Jpn. [Z¥&FEH
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ATV ha=7 AR 285 ERENE LTHXZ2BUCTWAIENOEY THY | BEME LK
BEOPLINMNBTH2HETHD, -4 BT, HHRHL ALV LOHEERET TR, ALV ERPRT
KA RHEEERAZEBENOICERALE ) LT3HRAVEATHY BT TONRY =— 3 U H RRITIAN
Vo255,

BBEDIX, KEFMLIET T 5 —ER BT 7 N, BRTHMBMELTRTZ L2 RHLE, ZRME
FH L ER—R e LB EEL LTI, 3700 MEMZRBTTIZHN O TN, RERMRORE. 54
BAEDRBUZIX, 108 Torr &V o HEMETHFHAK CHEEZAR L, 2 Oo=F72#FMLTXxx VT %
BATAHILERDHS

AFRTIT. KRN ZEIEF 7 o HIRE N RIC, ML XY ) 7 L OHBEZRAR,

2. WREREE
BEBMLIETFF—BR_@BbF oD Xy V#EIEEY, mAVAL—F—EFEICLY SrTiOs 7
HUIC LaAlOs EAR EicHER L 7e, E/, o V 7EEZHHET 72, =37 2XEBMLE, =71 L5
CLTFF U9, PEBRL, SEERBICHY TSIV 7TE2HEHT S,

AR L 7= BB oSS XMEITIC L v, B SQUID Bakdt, £ SQUID BAfKSE. BEFE
WED, B e T ER I U THz X EIC L VM L,

3. WrRERE

EEL SQUID RS LY AR UHEHE LR, =F7RME 0.2% TiHER E CHMBEHEEZ RI 2V
DIZHL, 1%FMRTITABEEZRI L 2RHLE (3K), ¥z, SQUID Bikat, BEXRIEFHHRAE X
D, FiETHRBOHRMEFABIEDES 2RI I Elbhotz,

Btk Lt & OB AR L 2 A, KBRS, BHIE L IXRARRBERIIRONR-708, v Y
TRIZEWLULTRRENAELEZTRL, 1020 cm3 U EDOF v Y THRHFASINTHBAICOHBBEMNRBRT S
ZEERHLE,

ULDFERIZ, vV 7HREICE ZMBMEREA V=X L2 XR/FT 5,
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GHEM—BALT ¥ R TRy ) THEICKZMBEMENSITMEL 2ofe, MBARRIC, 2E 1020 cm3 b
DH¥ ¥ Y TRLETHIPREAMKTIEIRATHIA, 4%, HRNRERAFLILSD,

. KR T, EREAMRECBEBIBAREN LI LMD, TS REA~OHMFELLNPE, Tiabb,
BREORICLOF YV TEEATHIZLICLY, B MBEE~DRAS v F U 7BRIDbDEEZI LN
60
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“Development of High-throughput Combinatorial Terahertz Time-domain Spectrometer and its
Application to Ternary Composition-spread Film”, M. Ohtani, T. Hitosugi, Y. Hirose, J. Nishimura, A.
Ohtomo, M. Kawasaki, R. Inoue, M. Tonouchi, T. Shimada and T. Hasegawa, Appl.. Surf. Sci., 262 (2006)
2622-2627.
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F ) MR F DA E U RTHZER ST, 1) 7—ur 7 uyr— NI BERERDR O K,

2) AV VERNE, 3) AP UEMEMOE KR PRKS 2BENAEINTWDS, T/ HTFO
Re GRS ORI 7 O F TS AbICIE, HEEORERIEM, ki 1 18R kORI E 2 8
LB, FIThbhibhuE MBE EIC k> THERESNDEMA T/ R+ 2 Extg e LT, AV
KIFZEDZEME . BB 70— 7B (SPM) ZHAWT (V7)) F /TSR T S5 Z L2 AR
L LTI 2 HEE LT\ D, BFZERIAEE OARLEIX, MBE EIC X » TERE LD &L T/ KL+ D
STM (= & 2 G MIc EA 2 BV TR EIT -T2,

2.  WF7ERE

BAARAZE DAu001) | Co F /87 2) Pt(001) L FeAu 7/ ki v DEk & £ STM IZ X 54
YA 21T - 72, Au-Co, Au-Fe RITFHRETIIALEZHK LeWIEAEETH Y, EHI 72 BL
FIZL > TF ) Ar— L CHOMNEE 22 LERHFHTE S, BiE Tt Au0D)ic~Tr B X ¥
S L SHT Co HMEETHY . NV T LITRRDYELE bee Co T /R TFB3GELND Z L BHIFF
SNhb, BETIIREAZICLY Pt(00D) L FeAu &2 R L7 D TH D

Au(001). Pt(001)iE MgOOOD MR EiczhFh ¥ v Ltk S, STM %7213 RHEED
2L > TEDOER R A2HR%., Co BHEM, FeAu 84+ BEEZET, ERTEE L, Z0%
200-300°C DEVILEE#% DB STM #2252 1T -7, STM BEITEEEZET - FiR T, W etz H
WTATo 77,

3.  WFIERR

EEAE% O Au(001) | Co #BH#EIT STM BIZE D
. Co BWEWRRET MR, BUHRZITITOMIE - 7
FaY—3E LR ERBIEINT, K 1ITIE
23MLCo % HIRA&E%. 230°CELLE% O STM k&
BT,
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BB INT,
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MBE 12 & » TIER &N D BEMET /KL F OB £ 17 > 72, T b ORIL RHEED X
LEED 7t ¥ O R EHBUE 2B FREIFT CHDLIZ L ITHE L, SPMIZL-THELND LD TH D,

L% KT 18 1 EOEEREEORIE % SPMIZ &> TIT D TRE Th 5, FHTHRBEMERSE & TV 72 (F
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Ty — RO ) BRRAE AR REOBRATE 2 L LTV D,
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AR SR 28, BESELIN 1 L gEE 7 2.0
[ Tl 0 W50 CRAL IR OB E ITIEV DB R B
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Spin Glass Behavior of Uranium Compound Under High Pressure

ALK - &uF 2 T, B, LA B, R K
Dexin Li, Yoshinobu Shiokawa, Tomoo Yamamura and Dai Aoki
Institute for Materials Research, Tohoku University

(1) Introduction
Spin glass (SG) behavior observed in uranium-based nonmagnetic atom disorder (NMAD) compounds
U,TSi; (T is a d-electron transition metal) have attracted much interest in recent years. These compounds

(expect U,CuSi;) crystallize in the hexagonal AIB,-type structure, where 7 and Si atoms are randomly
distributed into the trigonal prisms of a primitive hexagonal array of uranium atoms. Frustration of the
magnetic interactions, one necessary condition for SG state, could be induced by this topology in the case
of antiferromagnetic (AF) coupling between nearest neighbours. Such an origin of SG behavior in U,7Si3
is evidently different from that in amorphous or diluted metallic SG and relates to the inherent nature of
the AIB,-type crystal structure. Recently, we have been paying special attention to U,7Ga;, another series
of NMAD uranium compounds with the CeCu,-type structure without a triangular magnetic lattice
because of their characteristic magnetic and structural features. Here, we report the discovery of SG
behavior in UAuGa;, a new member that we have confirmed to exist in the U,7Ga; family, and present the
dynamical parameters characterizing the frozen state of this system. In particular, we report the variation of
SG behavior in U,AuGa; under pressure.

(2) Experimental

The polycrystalline sample of U,AuGa; was synthesized by arc melting the constituent elements
with high purities (3N for U, 4N for Au and 6N for Ga) in a purified argon atmosphere, then seal in an
evacuated quartz glass tube, and anneal at 800 °C for a week. X-ray diffraction measurements show the
pattern structure of U,AuGa; as the same as that observed for our U,PdGa; and U,PtGa; samples, and the
diffraction lines can be indexed based on the disordered orthorhombic CeCu,-type structure model (space
group Imma) with U atoms on the 4e sites and Au and Ga atoms

1.6 — x x ; x
statistically distributed over the 8/ sites. Note that for U,PdGa; sl (1’];?2 1
and U,PtGa;, the CeCu,-type crystal structure has also been igoH}Z{Z
confirmed by neutron-powder-diffraction (NPD) measurements. \? L4y 300H; |
The determined room-temperature lattice constants of U,AuGa; ﬁ 13 fggg{;[z
are a = 4435 A, b=7.079 A and c = 7.799 A. The magnetic % 12 . N
properties were measured using a SQUID magnetometer. K L1p b .
Lok 2% In (10"%/0) ]
(3) Results ool £y ® ]
Figure 1 shows the temperature dependence of the in-phase 0sls 24#?#%%‘%) 1
component y' (T,w) of the ac susceptibility of U,AuGa; 16 20 TZ?K) 28 32

between 15 and 34 K at the frequency range 0.1 < /2w < 1000
FIG. 1.Temperature dependence of the

Hz under zero pressure. The . curve exhibits a characteristic
pronounced maximum with amplitude and position [T{w)]
depending on the frequency of the ac magnetic field. As w
increases, I increases from 24.4 K at @/2n = 0.1 Hz to 25.8 K
at @/2n = 1000 Hz. This is a typical behavior characteristic of
SG materials suggesting the formation of the SG state in
U,AuGas. The initial frequency shift of 7, defined as 87y = ATy
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real component of ac susceptibility for
U,AuGa; measured at different
frequencies under zero pressure. The
frequency dependencies of the dynamic
spin freezing temperature Ty plotted as T}
vs. In(10"%/@) and T} vs. 100/In(10"*/w)
are shown in the inset (a) and the inset
(b), respectively.



/(TyAlog w) is determined to be 87y = 0.01 comparable to the Laf S ' ' Hi=0.1'k0e |
typical values (from a few thousandths to a few hundredths) . §§E§e
for most spin glasses. In contrast, we do not find any upward ' R\ 40KOe
shift of the peak position Ty in the x| curves for long-range g M e SN sokod]
AF ordered compounds U,PdGa; and U,PtGa; up to 1000 Hz. 1 [ % Hookod
In order to estimate the dynamical parameters characterizing % Loy

the SG state of U,AuGas, the obtained T{w) data are fitted to 08

the standard expression 7, =7,[(T, —T)/T.]" (the critical 061

slowing down) and to the Vogel-Fulcher law 041 5 HZ/;)(OEZ/?O O
o=w,exp[-E, /k,(T,—T))] , respectively. Following 0 0 20 30 40 50

_ . T (K)
Tholence, 7= 1/@y=10" s was kept fixed, the fit using the ]
FIG. 2. Comparison of the low-

former equation [solid line in the inset (a) of Fig. 1] yields the temperature FC (open symbols) and
static freezing temperature Ty = 23.6 K and the critical ZFC (filled symbols) susceptibilities
(= M/H) for U,AuGa; measured in

. . . X L various magnetic fields. The inset
[solid line in the inset (b) of Fig. 1] yields the activation energy shows the field dependence of the

E, ~ 4.4 kT and the Vogel-Fulcher temperature 7, = 21.2 K. It characteristic temperature 7;. (from
where magnetic irreversibility occurs),

plotted as T, vs. H?.

(dynamical) exponent zv= 9.4, and the fit using the latter one

is worth notice that many experimental results give zv= 4~12
for different SG systems, while zv is usually around 2 for
conventional phase transitions.

The field cooling (FC) and zero-field cooling (ZFC) dc susceptibilities y (= M/H) of U,AuGa; were
measured in various magnetic fields between 10 and 70 kOe under zero pressure. A part of the data is
shown in Fig. 2. There exists a characteristic temperature 7;(H), below which magnetic irreversibility
manifesting as a bifurcation between the yrc and yzrc curves is observed. The yzrc curve in low applied
field exhibits a sharp peak, which becomes broader, and its height decreases with increasing H. As typical
features, these behaviors also signify the formation of SG state in U,AuGas. The temperature 7;(H) in 10
Oe is about 25.9 K, which varies as —H*° and shifts to about 5.0 K in 70 kOe as clearly shown in the inset
of Fig. 2. Note that the variation of T} with H does not follow the Almeida-Thouless law (AT line: T;. o
-H*? ). It should also be mentioned that, although the H*”-behavior of T;H) was indeed observed for some
uranium and rare earth SG materials, it was predicted for the case of an Ising-type SG in the infinite-range,
random-bond mean-field model. On the other hand, above 40 K, the yzrc data in H = 100 Oe (not shown
here) can be nicely fitted using a modified Curie-Weiss law with the effective magnetic moment 5= 2.92
45/U and the paramagnetic Curie temperature 6, = 14.7 K. The obtained g, value is much smaller than
that (1.5 ~ 3.6 w/U) expected for a free U ion with an f * or f* electronic configuration, indicating the
itinerant behavior of 5f electrons and/or Kondo effect in this compound.

T T T T T T T T T T
134
UrAuGaz o011k UrAuGas |
— P=1.0 GPa
o 132r 1 0.01 Hz <=f<=1Hz
=
i 0.010} 1
L 130r 1 o=
Z —eo—1Hz )
K] —4—(0.3Hz
= 1.280 0.1Hz R 0.009 |- q
——0.03Hz
1.26 —<—0.01Hz ]
1 1 1 1 1 0'008> 1 1 1 1 1 ]
24.0 24.5 25.0 25.5 26.0 26.5 27.0 0.00 0.25 0.50 0.75 1.00
T (K) P (GPa)
FIG. 3 AC susceptibility of U,AuGa; vs. FIG. 4 The pressure dependence of the

initial frequency shift of spin freezing

temperature at a pressure of 1 GPa.
temperature 7.
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Figure 3 shows the ac susceptibility of the U,AuGa; compound under a pressure of 1 GPa. The
characteristic feature, that is, the frequency dependence of ac susceptibility peak position, could also
observed. Comparing with the results under zero pressure, however, the peak strength decreases and the
position shifts to high temperature with increasing pressure. Under zero pressure and at @/2n=1 Hz, the
peak in ¥, (T) curve was observed at 24.7 K, which shifts to about 25.6 K under 1GPa with the pressure
coefficient d7/dP=0.009 K/GPa. Moreover, up to 1 GPa the obtained T{w) data can also be described by
the standard expression of critical slowing down and by the Vogel-Fulcher law. In addition, the initial
frequency shift of 7y calculated using 87, = AT, /(T;Alog w) decreases linearly with increasing pressure as
clearly shown in Fig. 4. Based on these experimental results, it is considered that the SG effect in U,AuGa;
becomes weak under high pressure, and the influence of long-range magnetic interaction gradually
increases with pressure. Thus the random degree of the nonmagnetic atoms in the U,AuGa; sample seems
to decrease with increasing pressure, and strength of f-d (p) mixing seems to become strong due to the
shortening of distance between atoms. Detailed analysis of the data obtained under high pressure is in
progress now.

(4) Conclusion

In conclusion, the CeCu,-type uranium compound U,AuGa; is confirmed to exist in U,7Ga; family.
This compound undergoes a SG transition with a static spin freezing temperature 7s = 23.6 K. The up-shift
of the ac susceptibility peak with increasing frequency, the down-shift of the dc susceptibility peak with
increasing field and the low temperature irreversible magnetism can be considered as the typical features
characteristic of SG state. We find that the variation of 7}, (the bifurcation point between the FC and ZFC
susceptibilities) with H for U,AuGa; does not consistent with the AT line, but follows a Tj, oc — 5 law.
Under high pressure, the SG behavior becomes weak and the influence of long-range magnetic interaction
gradually increases.
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