
Geometrical Frustration andMelting ofAntiferromagnetic Ordering in Spinel-type CoOxides 

r~.) 

A l::/O)~Jt={I::{d&~t~J3r*-C;J!lJ~ ~ ::. c L:J: -:J '"(~ G ~ c 2' n~~t=.tJ::l:f-~ttti\, ~ < 0) 

.ijffJ'l;~0)"~~ 91 ~{"1~t'"( v)~ 0 ~J ~ ~t, 1973 if:I: Anderson I: J: -:J '"(7 i§ 2' nt=.-=.flJ;Mtf-1:1: 

s~t~ Resonating Valence Bonds ~taH;t, A l:::/O):l:f-~1$~*~c :tP¥/'(~£~~*~-c~ IJ, ::. 

O)J: '5 tJ:~~~1mtJ1m~0)*-c*~ 1:f¥1±9~ O)tJ'~~IDE9~t=.~O)~Jtf*~~;t:mdlIl:~~;t:-c 

{(:ft~ G'"(l'Tbn'"(v) ~ 0 

A l::: /0)~Jt={I::~;J!lJjfiJJ9 ~t=.~O)jj#s.0)-'JtJ1, ~flJf§f-~J\-1 07 0 7;Mt~1:'"t'~:m 2' h~ 

m{JlJ¥~7:7 A " v- ~ 3 /-C~ ~o ::.n 8 O)~f--c~;tIE=flJWO);Mtf-}~l:I:A J::: /tJ1~ti2' n 

~O)-C, 9/'('"(0)~ili.Al::/M~~.mtt~~~/'(~::,c~~m.-c~~om{JlJ¥~7:7A" 

v- ~ 3 /*-c~i, A l::: /~1$~A l::: /7-1 AtJ: c.~i~H)A J::: /~tttJ1~J[ 2'n'"(v)~o 

~ili, A '"!T-1 "O)~~:mtt-1:;t / ~r.J'J A l::*)v{I::-@,~ AB2X4 0)JiltJ'8, m{JlJ¥~7:7A l- v 

-~ 3 /~)J:'=I: J: IJ m5i\~J¥tJ~;J!lJjfiJJ 2' n~~jI{tJ1v) < 'JtJ'j£ 

J[ 2' n '"(v)~[1,2lo A l::*)vJhiH:s~t~ A '"!T-1 H;t, ~ I I: 

lF9J: '51: fcc;Mtf-tJ12 'JAnf-1:tJ:-:J t: Y -17~ / ~;Mtf-~ 

fJlUo A '"!T-1 "rl!'I:~;tA-X-B-X-A o)J\A~JmG,"(JX%H~l 

ttB<J:f~1i~JtltJ!1lIJ~, ~iliHH~1i~m J 1 cm=ili.:f~1iWm 

J2 0):f~MB<JtJ:%i2'I:J:0,"(7:7A" V-~3 /0).2' c:J.'fJ 

=Ab.tJ1JiJJ:~o J) :z;, J2 O):ljldJ~;t, 7:7 A "V-~ 3 /tJ11llJ 

tJ,tJ:v)o J 1 ~ J2 0):ljj-@' I;t , fcc ~f-pq-cO)m{JlJ~B<J77A" 

~ 1. A l:::*)v«~O) A '"!T-1
v-~3/~~~B<Jc~~o~-hO).-@,:t7:7A"V-~3 

l- 0)>t'-1 7 ~ .> ~;Mt f- . :li:ilI/tJ11l1J< c~;t8h, ~~'"(fj!1!f£tJ:*cv);t~o ::'O)J:'5tJ: 
t~:f~RfFm J) ~::t~l.", ~= 

Al::/*~S~~~tt~~c~c~Gn,"(sG~, M~Al::: 
ili.:f~B:fFm h O)-ffl)~,~~

/~ttO)~~O):ljjcG,"(*~~~~~r.J'"(~o 

-c~9. 

[§tJ9) 

*iiJfJ!£-c~;t, A 1::: / S = 3/2 ~r.J'J Co2+tJ1 A '"!T-1 "~r:!:Iff G, 3 fjffiO)~Fm'~-1:;t / B3+tJ! B '"!T-1 

"~r:!:I1f9 ~A l:::*)v~ Co mHI::~I:S~t~m{JlJ~B<J7:7 A "V-Y 3 /5<1.J*~ID\l/'(~::' c ~ El 

B<J c Gr: ::. n;t: -CO)MJ'l;I:S v) '"(, CoB204 (B = AI, Co, Rh)-c~;t, B '"!T-1 "O)~Fm'~ -1:;t / ~~ 

;t~::' c-c7:7 A "V-~ 3 /0)%i2' ~ifjfHij-C~~::'ctJv;ttJ'-:J '"(v)~[3lo z O)Jil-ca:t 7:7 A 

l- V-~ 3 /O)%iv) B = Al ~;t, inverse factor x ~m v)'"( COl-xAlx[Ah-xCoxJ04 c~2' n, A '"!T-1 "C 
B'"!T-1 "0)~~-1:;t/0)'"!T-1 "fb'O)lliIr~H:J: IJ2iLn~ifftJ~-c~~[4lo -os». B=Co,Rh~;t:iEA l:: 

*)v-c~ IJ, &::"\~ x= 0 ctJ:~2iLnO)tJ:v)*-c~~o *iiJfJ'l;-c~;t, 7:7 A "V-Y 3 /0).2' c~L 

nO) 2 'JO)lfL~-cO)m9J.~'t10)~{I::~*~B<JI::ID\l/'(t=.o 

- 68



[~.1J~] 

CoB204 (B = AI, Co, Rh)O)~*5~~~f§&~#d:J:: IJ ~~ LJ:.o 1~ Gtlt:.~*li~O)IPJ~~J:~* X 

i!l@1tHC'fTl,t~, fg.T~~ C inverse factor x ~J: Rietveld M¥ffi~: J:: 'J -CJUJi:t 'J tz; CoAlz04~J:AtJ..Q 

§~d4=C'~M11Jj!'9.Q ::. c ~:J:: IJ, inverse factor x O)AtJ..Q IDt*'f ~1~t:.o 400°C C':&lF.frlJ' 7 =~)v LJ:. 

:t O)n!ft :tiEA r: *)v~:lli <, x = 0.04 ~C'I5Ltl~:}QHlifJ'9.Q ::. c n!C' 7!!t:. 0 

il.H~$O)i.ftIJ~~J: SQUID m*1it~JfIl,t), 1000 Oe O)51-fffimiJ-rC' 2 K n\ G 300 K 0)7.ffi\.~iiBl1IIC'fT 

'J t:.o tl:~i.ftIJ~~J:~~fort~:J:: IJ, 2 K n\ G 300 K 0)1.i!~iiBlHlC'1T'J t:.o 

rM*c~. : CoB204 (B "'AI, Co, Rh)O)m~~f!] 

CoB204 (B = AI, Co, Rh)O)m{~$ ~ ~ 2 ~:, mj{\J\ 

7j.~:9~~ 1 ~:5R'9o CoAlz04~J:.:tI5LtlO)1.>tJ. 

l,t) x = 0.04 O)~A*3.\-C'&J.Qo '9J'(-CO)!Io/Jjt~::t:;l,t)-C, 

rWJr!i C'O)~{~$~J: Curie-Weiss JlIH:1Jtv), fJfrElC'~J:m 

~~Ffn%~::'.Qo CORh204 ~J:, l~J~~ttf§lifFJflO) 

%1~ ~£(9:f-.::L I) ~1)1 A7.ffi\.~ecw O)~:;t~'f@:c~5K 

~Ffn!@ ::. .Q r!i~ Tm n!~~ ~£IPJ Gf@:C' &J IJ, 7 7 A I-

1/-:/ 3 :/O)tJ.l,t~&%1~ttf.ii:C' &J.Qo .:c-tl~::;tt G-C 

C0304 c CoAlz04~J:, 77 A I-- 1/-:/ 3 :/~T f (= 

lecwIlTm)n!.:c-tl..'f'tl3.7 c IOC'&JIJ, 77A 1--1/

:/ 3 :/~jJ*O)t:. ~ ~:~5K~Ffn!;fflJilifJ ~ n.r v).Qo 

~ 3 ~J:, ~5Ktt~ em ~:f-.:::L 1) -I)1 A7!ii3tecw 

C'nU~{~ Gtd!i~ T/lecwl~JfIl,t~-C, W:;tt~70 'Y I-

Gt: 'b 0)C'&J .Q 0 CORh204 ~::t:; l,t ~ -c, ~5Kf~Ff~: f~ 

'5 m5Ktt~O) J::-~7f~lfj(~J:m5Kl'.t9tJ.2 *f§ti3~:* 

~l'.t9tJ:A~C'&J IJ, m5KI:/ I-- 0 J::-~{~~J:A r:/ S 

= 3/2 ~::;tt~'9.Q Rln(2S+I) = Rln4 ~:llil,t~o 7!i~n!'0 

~:ill-:J'< c7!!~:, ~5Ktt~~J: 3 *5C&%1mttO)~:7' 

J /~: J::.Q T3 
~:tt{fiJ'9 .Q1!i~fftff/t1 ~5R Gn: ::.tl 

Go)~.Q.l,t~n\G, CORh204~J:!l4~l'.t9tJ:3 *](;&%1 

~t1{*C'&J.Q c v);Z.Qo C0304 C'~J:, m5K~Ff7!i~ 

J:: IJ ~1!i C'&J.Q:f-.:::L I) -I)1 A1.ffi\.~{;tllin\ G~J<~: 

m~I:/ I-- 0 J::-n!~lli ~ tl~}~i,n! CORh204c~J:. 

ts ~ ~ 5K .bl: ~ 0) .:c- 0) fill 0) ~ ~ • l,t ~ ~J: 1: ~2 0) 

CORh204 cMflJ.{G-Cf.,).Qo 77A I-- 1/-:/3/0). 

'b5~v) CoAlz04C'~J:, m~I:/ I-- 0 J::-~{~~J: Rln4 

~:illv) ~= 'b~:b G9, m5Ktt~O)r:-7~lfj(n!A~c 

~J:BJj Gt» ~= ~tJ: IJ, 2 *f§~30)~Wt1n!Jl;ztJ:n\ 

'Jt:.o ::.tl~J:, m~,if$7!i~J::1J~1EiU::t:;v)-C, '9 

- 69

3 

B=Rh COBP4,."1\ 
H= IOOOOe 

I • 
: ~ 

.. I \. 

200 300100 7'lKI 

~ 2. CoB204 (B = AI, Co, Rh)O)~{~$. 

£{ 1. CoB204 (B = AI, Co, Rh) O)m5K 

/\7j.-:9. 

COAl20 4 

Ileff(~B) 4.5 

6l::w (K) ~89 

Tm (K) 9 

C030 4 CORh20 4 

4.9 4.3 

-110 -31 

30 25 

H = Rh -,B= Co 
15 -, 

~3.:f-.::L~-1)1A.~C'mfg.~G 

tdiLl ~ ml,t )tz: CoB204 (B = AI, Co, 

Rh)0)~~tt~0)1!i~fftff/t1. 

0 



-r(: s = 3/2 o)~~I/ l- 0 I:::-O)~7tjJf < :(taxt±:l G-c ~ ~.Q :: c (:9:;fJltT.Q 0 

::tL G O)~ii:~:(t * C &?Q C, *O)J: '5 (: ~~;t.Qo *9', 7'7 A l- V-~ 3 /O)t,;. ~~ CORh204~d: 

Jffim-O) 3 *JCI~Jt~ttf~J¥:(t~To 7'7 A l- V-~ 3 /:(t~A G -C~~ < C t; /lecwl~d:1!fr9QtJ!, 

C0304 O)~5l:\:~J¥~d:*t':ii~O) 'to) C ~~;t ~o ~ G (: 7 '7 A l- V-~ 3 /:(t%i < Gt.: CoAh04 -r 

~d: Tm/lecwl~d:~ G ~:1ff:r G, tJ~0 '5 G -c B~J~Hi~11:~J¥ Gtd:k1l1H: ~.Q C ~~;t Qo :: 0):: C ~d:, 

CoAh04 tJ!~5[a~.f-li;9illi~U:jJf~~:: C:(t~ G-c ~~.Qo 

[M*c~. : COAl20 4 ~:~~Ht.Q-6Lt1O)~.] 

7'7At-V-~3/~J:~-c~5l:\:~.f-li;~~0) 

jJf< *-r~lJjjGk CoAh040)&%iixH1~J¥~d:, I5LtL COI_,AI>[AI~.,CO,J04 

o x= 0.D4(:J: ~ -cM1f!(:A I::: /'!/'7 A (:t,;.~ -c G * '5~~tJ! 
\l x = D.II
 

i.!S.Q :: c. tJ!7ttJ~ ~ ko A x= 0.14
 
X x= 0.18
 

Co1_xA!x[Ah_xCox]04 (x = 0.04,0.11,0.14, 0.18)0)11t
 

r!l-rO)~f~~:(t~ 4 (:~To x=0.04 ~;t, MjztO)~Af..-j. 

-ri.!S.Qo I!iLtLO)j;.~~x> 0.1 O)ttf..-j.(:s~~-c, ~f~$ 

O)~::kfl~J;t~~~:7J A 7:(t¥.f!J, .:c-tL.l:J,rO)r!lfjt-r~;t 

l::AT1J ~AtJ!~GtLko ::tL~;tA l:::/tJ!~~J¥(: 
10 20 30 40 

fJUEiTQA l::: /'!/'7 A ~:A~~t,;.~f~~O)~~.~~ T(K) 

-r~Go -/J-r, I)ZJ 3 O)X = 0.18 O)ttf..-j.-r~GtLG ~ 4. COl-xAlx[Ah-xCox]04 O)~{~~. 

J: '5 ~:, tt~H;tJ: I] t,;.ti G tJ~t';'I:::-7 :(tf~!J, m5l:\: 

f~f¥tJ!~jj G -c~~G:: C :(t~~ G -c~~Go 

[~C~] 

*litfJ'C-r~;t, A -l:t1' l- O)Jj.~:A I::: / :(t~JA l::: *)v~ Co M{~4o/J~:s(t .Q~1ilJ'~8~7 '7 A l- v
s- 3 /~jJ*:(t~r\.ko ::tLJ: 1], 7'7 A l-V-~ 3 /:(tJ, '7 j. -:$7 C G -cm5l:\:l¥J.f-l~IO~·}~L: 7 

70-79G C ~~ '5 ifktd:4o/JttfljUfiflJO)'F$:(tm~ Gko ~~, 7'7 A l- v-~ 3 /~JJ~U:J: ~-C 

:ft 't11tm *-rf~f¥{~tJ!~fljfJ~ tLk CoAlz04 (;t, S:f-*~,~il!iMO)&%i~i~H1,,*C'i.!S 1], m5l:\:!:t~O) 

~~td:tIffi.!lft{fftttJ!lQtJllj~ tLt:.o 

[~~Jtiit] 

[1] V.Fritsch, et 01., Phys. Rev. Lett. 90, 116401 (2004). 

[2] N. Tristan, et al., Phys. Rev. B 72, 174404 (2005). 

[3] :&J§*$, *JJ{::k* ifm~trJpx:n~~JfJ'Cf4 ~±fnijJt(2005). 

[4] A. Nakatsuka, et 01., Solid StateCommunications 128, 85 (2003). 

1)21st CenturyCOE mini-workshop on"Advances in StronglyCorrelated Electronics"PS·l 0 

(*JJ{::k¥ : 2006 iF) 

2) B *¥!J1J.¥~ m61 @I1f**~ 28pRA-9 (~~::k¥ : 2006 iF 3 f3 ~aTJE) 

- 70


