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This communication will describe the electron doping effect into
Ni" complexes by Cu" ions, [Ni;—4Cux(chxn),Br|Br,— (x = 0.038
and 0.101) by using an electrochemical oxidation method. A drastic
increase of electrical conductivity as well as a new absorption band
around 0.5 eV in single crystal reflectance spectra was observed
by doping Cu'" ions, indicating the electron doping was successfully
made. An ESR result shows unpaired electrons locate in the de—2
orbitals of Cu'" and have almost no interaction with those of other
ions.

Recently, quasi-one-dimensional halogen-bridged mixe

Theoretically, these MX chains are considered as Peterls
Hubbard systems where the electrgghonon interactionS),
the electron transfei, and the intra- and intersite Coulomb
repulsion energiesU and V, respectively) compete or
cooperate with each oth&t!t

Pt and Pd compounds have charge density wave states
(CDW) or M'—M"Y mixed-valence states due to the electron
phonon interactionS), where bridging halogens are displaced
from the midpoints between neighboring metal ions. Ac-
cordingly, a half-filled metallic band is split into occupied
valence and unoccupied conduction bands with a finite

d- Peierls energy gap. Therefore, these compounds belong to

valence compounds (MX chains) have been attracting muchth€ ¢lass Il type of the RobirDay classification for mixed-

attention because they show very interesting physical proper-

valence complexes.

ties such as intense and dichroic intervalence charge-transfer O the other hand, Ni compounds have spin density wave
(CT) bands, overtone progression of resonance RamanStates (SDW) or.NII Mott—Hubbgrd. states due to the strong
spectra, luminescence spectra with large Stokes shifts, largee!€ctron correlationlf), where bridging halogens are located
third-order nonlinear optical properties, midgap absorptions @t the midpoints between neighboring Ni ions. Therefore,
attributable to solitons and polarons, one-dimensional model these Ni complexes belong to the class Il type of the Rebin

compounds of higi, copper oxide superconductors, &te.

Day classification for mixed-valence complexXebhe very
strong antiferromagnetic interactions among spins located
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Figure 1. Schematic band structure of [Ni(chxB)]Br, and copper-oxide x=0
compounds. J
CT bands attributable to a transition from bridging halogens e s b L 1 h

0 10 20 30 40 50 60

to upper Hubbard bands are observed around &V along

the chain axes. More recently, a gigantic third-order nonlinear _
op_tical susceptibility €104 esu)_ ha_s been observed in gfgg; azhd éri%{)?owder patterns of [NixCu(chxnpBr]Bra—x (x = 0,
[Ni"(chxn}Br]Br, (chxn= 1R,2R-diaminocyclohexane) due

to the strong electron correlation and lower CT bé&nd. — T T T = T T 7
Correctly speaking, the Nicomplexes are not Mott insula- [Ni;Cuy(chxn),Br]Bry, —
tors but charge-transfer insulators where energy levels of
bridging halogens are located between upper and lower
Hubbard bands composed of'"Niz orbitals (Figure 1a).
Therefore, electronic structures of the"Ncomplexes are
very similar to starting materials of high, copper-oxide
superconductors (Figure 1b) except for their dimensionalities.
Then, the hole doping and electron doping into thd' Ni
complexes are very interesting. According to such a strategy, 3 4 5

in the preceding paper we have reported the hole doping Photon Energy /eV

(Cad") into the Ni'" complexes with strong electron-correla-  Figure 3. single crystal reflectance spectra along the chain axis of
tion [Ni1—xCo(chxnkBr]Br,, where the electrical conductivi-  [Ni1-xCux(chxn}Br]Bro—x (x = 0, 0.038, and 0.101).

ties increased with increasing amount of doped' God a

26 / degree

— = () -1

= =x=0.038
= ex=0.101 =

Reflectivity

new CT band appeared around 0.5 eV. Therefore, we have U I B AL B AL I B

succeeded in hole doping into [Ni(chxB)]Br, with strong e [Ni}.Cuy(chxn),Br]Bry.¢ —8

electron-correlatio®® In this paper, we will describe the e —-—x=0 i

electron doping (CY) into the [Ni(chxn}Br]Br, with strong - 2 x=0.038 /

electron-correlation. z X010l 7
We have synthesized single crystals of the complexes ;5 i

[Ni;—xCu(chxn)Br]Br,_4 by an electrochemical oxidation 3

method of mixed methanol solutions of Ni(chxB), and g I

Cu(chxn)Br,. Ni(chxn)Br, and Cu(chxmBr, have been §

synthesized according to the literatdté® Elemental analyses - .

of Ni and Cu ions were carried out by an ICP method. The -__/'

oxidation state of the Cu ion is net3 but+2 as evidenced QOOL*—*-“];'E" — "'200 o

by ESR spectra, which are discussed in Figure 5 in detail.
Therefore, the elemental analyses revealed that defects 01;:, 4 Singl tal lectrical conductivities of [NCU(ChXBIB
. . igure 4. Ingle crystal electrical conductivities 0 LS CNXNpbr|bra—x
the Br counteranions exist so as to kgep the charge balance, _ 0, 0.038, and 0.101). The data of= 0.101 andx = 0, 0.038 are
X-ray powder patterns of [Ni(chxgBr]Br, and shown with left and right vertical axes, respectively.

[Ni;—xCu(chxn)Br]Br,_ are similar to each other (Figure

Temperature /K

2). Therefore, crystal structures of the {NCu(chxn)Br]Br,— structures. Thus, the Cions are successfully incorporated
are similar to that of [Ni(chxnBr]Br,, where the planar into the one-dimensional Nichain system.
[M(chxn),] are bridged by Br ions, forming linear chain Single crystal reflectance spectra of [NiCu.-

(chxn)}Br]Br,_« show intense two peaks around 0.5 and 1.3

(15) Kishida, H.; Matsuzaki, H.; Okamoto, H.; Manabe, T.; Yamashita, i
M.: Taguchi. .. Tokura, Y Nature 2000 405, 929-932. gV, where the former peaks newly appear by dopmgl df Cu
(16) Yamashita, M.: Yokoyama, K.; Furukawa, S.; Manabe, T.; Ono, T.; 10ns and the latter peaks are commonly observed in these

glakata, lf< 'Ksnahit_Teraﬂmﬁ' CK.; Ir\]/\_/ghog, F(-);klshii,tT-;HMinasaklf, IL compounds which are attributable to a transition from the
ugiura, K. I.; Matsuzaki, [.; Kishida, H.; amoto, H.; lanaka, H.; H H H P H
Hasegawa, Y.; Marumoto, K.; Ito, H.; Kuroda, I8org. Chem 2002 b”_dgmg Br~ion to upper HUbbard.Of the Ndzz orbital

41, 1998-2000. (Figure 3). Therefore, new electronic structures have been
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1
x=0.038, HLb

I with an increase of the amounts of doped"Gans. An
10K electrical conductivity ok = 0.101 at room temperature is

I 1
j\f\ﬁ 30 K (x4) by 100 times larger than that of the parent complex [Ni-

50 K (x10) (chxn}Br]Br».
J\ﬁ 100 K (x15) This may indicate the amount of charge carriers or

A 150 K (x25) mobilities increasing with an increase in the amounts of
N\ 200 K (x40) doping of Clf ions.
295 K (x70)

ESR spectra have been measured for the single crystals
1 | L | of [Ni;—xCu(chxn)Br]Br,_x down to liquid helium temper-

2000 3000 4000 ature. Temperature dependent ESR patterns reveal that
Magnetic Field / Gauss unpaired electrons exist on thezg orbital of CU' ions

0.006 ' I ' I T (Figure 5). Spin susceptibility shows Curie-like behavior,

R Hib O MNichw),BiBr, o indicating that the magnetic int_eractions betweert @nd
x=0.038 Cu' and between Cuand Ni" ions are very weak. The
0004 I ] strong antiferromagnetic interactions among unpaired elec-
A . trons located on thedorbital of Ni'"" ions are hidden by
0.002 f— ] the Curie-like behavior on Cuions. The Curie spin

concentration is almost consistent with the elemental analyses
[ é! ] of the Cd ion, [Ni;—xCu(chxnkBr]Br,_,.
% 160 200 300 An angular dependence of thgvalue shows a sym-
Temperature / K metrical shape, indicating that the 'Cions are incorporated
L B I e e e e in thg one—d.imensional Ni chain system. Such a result is
3 consistent with those of the elemental analyses, X-ray powder

patterns, and single-crystal reflectance spectra.

Solid state™*C NMR spectral measurements were carried
out for [Ni;—xCu(chxn}Br]Br,—x (x = 0, 0.038, and 0.101)
at room temperature in order to investigate their electronic
.. P structures. Thex, 3, andy carbons of the cyclohexanedi-
oe® amine ligand of = 0.038 and 0.101 are broader than those
A A AT A A A of [Ni(chxn),Br]Br, due to the larger Curie-spin concentra-
0 50 100 150 tion of the CU ions.

Angle / degree As conclusions, we have succeeded in both holg"jCo
Figure 5. Temperature dependence of ESR spectra (top), spin susceptibility and electron (Cl) dopings into the Ni complexes with the
(middle), and angular dependencegefalues in single crystal ESR spectra strong electron-correlation. Therefore, the new electronic
(bottom). structures have been created by doping into [Ni(ckBri)
created in [Ni_,Cu(chxn)Br]|Br,_. As the intensities of the ~ Br. The new CT bands at the lower energy regions have
CT bands around 0.5 eV increase, the CT bands around 1.3ppeared. Therefore, the larger third-order optical nonlinear
eV are weakened with an increase in'Gioping. susceptibility is anticipated in [NixCu(chxnkBr]Bro—.*>
Single crystal electrical conductivity measurements have The investigation is now in progress.

been carried out for [Ni,Cu(chxnkBrlBr,—« (x = 0.038
and 0.101) along with parent complex [NchxnyBr]Br,

by a four-probe method (Figure 4). All compounds show
semiconducting behaviors with energy gapsgt= 0.10—
0.15 eV. The energy gaps are much less than the gaps foun
by the reflectance spectra. However, the electrical conduc-
tivities at room temperature of these compounds increaselC0349555
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