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Geometrical frustration effects in the spin-orbit-coupled spinel Ge(Co;.xFey),04
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Abstract: We studied geometrical frustration effects in Ge-based spinel oxides Ge(CoiyFey).0s. We succeeded in
synthesizing almost single-phase polycrystals of the spinel oxides Ge(Co;.«Fe,),04. And we discovered hysteretic behavior
of magnetic susceptibilities in Ge(Co;4Fe,).04 with 0.1< x <1.0 suggesting the evolution of spin-glass-like state by Fe

doping. We discuss the possible spin-glass-like state is induced by the geometrical frustration.

1. #IHic

IR, WEPEMERS: D5 B TIXRMFH 7 7 A b L— MEEPEIR &
TN DWERER TR 2L OIERITHFZE TR DT\ S, BTFH)
7IA ML=y g liX, BRI TREME A A I RO
FHEAERME < IZ BB B3, fldb iSO R FAYHRIIC K 0 B
PRI DN R 2R VR 2 53, e b B2 B1IE, =Mk RIChE
L7c A8 IS SORBEMEAR BAER @ < 5T, ZO5RE1E—2H
DAY % up, —oH% down & SORBEMERICELE L=, =SH
DA OELFNA up/down &6 6 DA & TG SRR T 2 TE RS
%2 B, WhiE Th5 5T b SN ofkitic  Figure 1. Spinel-type crystal structure
fan. =% 5 REMPNT 72 b L— MEMRTE, FEacimnzy of GeM0Os (M =Fe, Co)

VRED EDNEL D BHA N O RETBSR L ERIRESAIE T 5.

A BRIV AB O, 1E, Z DX 9 REMIFH T 7 A b L— MEMRO T T HRHCTEH 28D T 2 WERE
Thbd. Fxld, it Ge A A X NERLY) GeCo,0, \IZ1EH L, i) 7 T A F L— 3 VRO AT
o TWD. ZOWHEIE, AYA bEIERIE GV N LD, BT T A ML—v g VRNV E S5 B A
 Z e Co™ 28 5 6 4 il 24 L TV 5 (Figure 1).  GeCo,04 13 Ty = 21.0 K TR 27478, —7F
TUA ZREITIE(Ow = +81.0 K) TR N KB TH D Z L 2R LTHY, 75 AML—ackb
SRBVEIRRE HR VR E L TS LB 2 BN D [1-4]. TN E TICFhx BT - 28T, #E B B
KEATEFET 07 T A M L—2a VIR E TR T DR Z G TV D [5-7]. AlIF 21X, GeCo04 IZ-DW Tt
HEMICL DI T T A ML —2a VRIROBERAZBAME LT, B ¥4 M Fe' TEM LT Ge(CopFe).04
DL B2 AR LMl 21T 72 5 72D TS T 5.

10 HRERT - 5780 - PR 20 HRBRTL - BE(R) - B 3: ARET - 28 - W8 4 PRRYET BB 5:AIST W%
B 6:mduRFpeE #E

2173



2. ERFE

Ge(Coy.xFex)204 M il I X EFH SOEIZ L W /ERL L 7=, JRUBHZIE GeO, #7K(99.99%), CoO #34(99.9%), FeO ¥
RK(99.9%) % e, ThZhOMREFEmILE THE L Ly MRICE®D, J28H T BN Z1T- 72
i —BepE D BERIE 800°C T 40 WRH, H5 BB OBERKIX 950°C T 24 FEM DS CITo 2. ERIL 730k, Bk
X HREHT (XRD)HIE ThEdb &AM 217V, SQUID % W THREL R DOIRE M AFME A HIE LTz

3. EBRER
Figure 2 (ZfEHL L 7= Ge(CoyxFey )04 ZiEih DA S T T T E T L T A
XRD /¥ — L %Ry, ZOMELY, 2 TOMMKLE GeFe,0, S92 Ty ¢ogde el
X . . Ge(Coy,Fey6),0
O=X=1)TIZIEHMD 2 ERAMEEEE BT (ConFooniO, | e A
B Ge(CoyzFey )04y A J[ e "
DT gD ETERL-EEHT, AT o 3 [Ge(CopaFens)0s, I L |
O=x= l)VC“\jJ‘— FRNZHE D TWAB Z & BREFR L % Ge(Coy 4Fe6),04, J{ K )
7-. Figure 3 |2 554 H1(FC: Field Cooling) & ¥ u it & Oe(ConsFey 0| o ~
\ . - J ‘ 2 GelCopgFeg,0q, | L
W EI(ZFC: Zero Field Cooling) TOBALERDIRERLT ™ 5o, Fey 1,0,
Pz rmd. ANV B A MZ Fe 2L Ge(CopgFeg 04, | L
Ge(CoLFe),0s ZHEMO=X=1)CIH, FC & ZFC O [0%CosFenhOr, | o
N o > — S GeCoyO,
LRICBEDS R LIS, ZHITAE L 7T ARIRIR s I DU S BSOS
10 20 30 40 50 60 70 80 20
EAFEAL TV L ERRTHHD0THS. HH 20[deg ]

DHRETIE, “OALL ST AR D B i Figure 2. Powder XRD patterns of Ge(Coy.4Fey),0,4 (x = 0~1)
77 A N L—ya Y HETH D 0E )% RS

30k FC Ge(Co,_Fe ),0,| |
B LCERT . : g ZELLT I || e —ry,
2.5 —— x=0.1
= A-x=0.2
© x=03
4. BEH §20 <« x=04
[1] J. Hubsch and G. Gavoille, J. Magn. Magn. Mater. E 1.5 —>—x= g-g
(5 - X =U.
66, 17 (1987). Y b x =07
5 10 - x=08
[2]S. Diaz et al., Phys. Rev. B 74, 092404 (2006). _|ff<" —4—x =09
_ 0.5 ——x=10
[3]T. Hoshi et al., J. Magn. Magn. Mater. 310, e448 S i———
0-0 1 1 1 l 1

(2007). 0 50 100 150 200 250 300

. . Temperature [K]
[4]S. Diaz et al., Physica B 346, 146 (2004).

[5]T. Watanabe, et al., Phys. Rev. B 78, 094420 (2008). Figure 3. Temperature dependence of magnetic

[6] T. Watanabe, et al., Phys. Rev. B 84, 020409(R) (2011). susceptibility in Ge(Co1,7€,)204 (x = 0~1)

[7]K. Tomiyasu et al., Phys. Rev. B 84, 054405 (2011).

274



