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Halogen-bridged binuclear metal complexes (MM X chain compounds)

X M M X M M M=PtNi  X=Cl,Br,|l
COAITICIEITED 44 ii1ed M-z band
pz d2 d2 pz d2 d2

[Averaged-VaI ence phase
X (25 N @ wes) 25 M) X —
+ + A
d2 A
¥ i i
Chage-Density-\Wave (2233) phase
-x X (W) = x—— (W) —x—
+4
4 4
Chage-Polarization (2323) phase
= X (W) = x—— (W) = x—— (W) = x
“ 52 +
# i #
Alternate-Charge-Polarization (2332) phase
X (M) == (M) ——X— (M) =X
+ ¥ +
i # ¥

"Metallic" : AV (Ptx(dta)sl at r.t.)

Paramagnetic : AV, CP
Nonmagnetic : CDW, ACP

Ferroelectric: CP?

Phase controlled by

Temperature: AV — CP ?— ACP

in Pty(dta)al
Bridging halogen: X=Cl, Br, |
Ligand: L=pop, RCS; (dta=CH3CSp)
I Counter ion: R=Na, K, (ChH2n+1)2NH2, ...
Solvent water
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/ MODEL

1- band modéd for M-d,
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L=dta  (dta=CHsCS;) L=pop

Pto(dta)al

(Pop=P,0sH; ")

R4[Pt2(pop)4lInH20 R=Na, K, (CiHzq+1)2NHy, ...
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Short-range vs. long-range el ectron-electron interactions

Strong-coupling limit (twum = tuxm = a = 0)

BCDW

X (MEM)ex x-
Ccbw
¢ () = (D)= -
777777777777777 ++ E(CDW) =
# # Ipyl
ACP
— 5 () = () — -
£ + E(ACP) =
CP
=5 () 5 — () =
+ E(CP) =

B Um Wim Vuxm Vo

E(BCDW) = -3 Byl + 1.5Um + 2Wum + 2Vuxm + 4V2

-Byl+ Um +25Mum+ 2Vuxm + 42

-Byl+  Um+ 2Mum +25Muxm + 4V2

- Blyl + UM + 2\4VIM + 2VMXM + 5V2
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Electron-lattice vs. €lectron-electron interactions cow

Kvxm =00 for L=pop

CcP

2B|y|]*M*M”X”M*M”X*”M*M”X”

Strong-coupling limit (tum=tmxm=0=0)

Uwm 2nd-order PT intra-unit process inter-unit process
Lap)
>N \% -2 2 -t 2
4 N CDW SEmm= MM — MXM
MMT Un—Vivm OB 2BlylI-Vum+2V2
—t 2 -, 2
CcP MM MXM

6EM M= 2B|yl+VMXM_2V2

6EMXM = 2B|y|+VM M _2\/2

CDW

. - B.
cp }lsstablllzed by {UM.
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B CDW dMXM
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0
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Ra[Pt2(pop)4l]nH20
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[ Optical conductivity of MM X chains ]

12-site periodic system
tyum=1.0 tyxy=0.8
0=0.2 3=4.0y,=0.1

Intra-unit process

Inter-unit process
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Electron-lattice vs. electron-electron interactions

KMXM =0 forL=dta

It M
o " (»_ lf tM)(M cP tMM tMXM
sl s FEIN + T+ +
[3|y|[ M- M - X% - M -M- - X- - YM- M- -X M- M - % - M- M- - X- \-M - M- %
# # # #
tM)(M
ACP -
T AN
M- BE - % - =M - K- - X - M- b % -
# & #
Strong-coupling limit (tym=tmxm=a=0)
2nd-order PT intra-unit process inter-unit process
- 2t —thdx
CbwW = —_—__MxM
OBuM= G ~m Owxu 2B~V +2V2
CP SEMM= —_t"%M SEvxm= —tixm
MM 2Bly[+Vmxm—2V2 MXM 2Bly+Vmm—2V2
1,2 _ 2
ACP i SEwxy= 2wt 20

SEmm= —2[3|y|-VM><M FEVA

Unm—Vuxm

r AVI ) ) tum =1 tuxm=0.8
P . - _

0 02 04 06 08 1 VMM =0 Vxm=0
o V, =0

CDW
ACP

B.

}isstabilized by {0( U
» Uwm.
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