Inorg. Chem. 2002, 41, 4993-4995

Inorganic: Chemistry

* Communication

Tuning of Spin Density Wave Strengths in Quasi-One-Dimensional
Mixed-Halogen-Bridged Nickel(lll) Complexes with Strong Electron

Correlation, [Ni"(chxn),Cli—«Bry](NO3),

Toshio Manabe," Kohei Yokoyama," Sachie Furukawa,! Chihiro Kachi-Terajima,’ Kazuya Nakata,'
Fumiyasu Iwahori," Hitoshi Miyasaka," Ken-ichi Sugiura,” Masahiro Yamashita,*! Hideo Kishida,* and

Hiroshi Okamoto#

Department of Chemistry, Graduate School of Science, Tokyo Metropolitarerdity,
1-1 Minamiohsawa, Hachioji, Tokyo 192-0397, Japan, and Graduate School of Frontier Science,
The Unversity of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-8646, Japan

Received April 15, 2002

This communication describes the syntheses of the quasi-one-
dimensional mixed-halogen-bridged Ni"" complexes with strong
electron correlation [Ni(chxn),Cl;—xBr¢(NO3), and the tuning of the
spin density wave strengths of these compounds. If the Cl 3p and
Br 4p make one band in the compounds, we should observe a
single peak in the electronic spectra. As a result, we should observe
the single peak from 1.45 to 2.00 eV depending on the mixing
ratios of Cl and Br ions. Therefore, the CI 3p and Br 4p make one
band. Then, we have succeeded in tuning the spin density wave
strengths of the Ni'" complexes with the strong electron correlation
by mixing the bridging halogen ions successively.

Figure 1. Structures of M—M' mixed-valence complexes of Pt and Pd
(a), and M' complexes of Ni (b).

Quasi-one-dimensional halogen-bridged mixed-valence Hubbard systems, where the electrguhonon interactionS),
compounds (MX chains) have been extensively investigatedthe electron transferT{, the intra- and intersite Coulomb
during the past 20 years, because of their interesting physicalrepulsion energiesU and V, respectively) compete or
properties such as intense and dichroic intervalence chargecooperate with each oth&!! The Pt and Pd compounds
transfer bands, overtone progression of resonance Ramatave charge density wave states (CDW) dr-M/"Y mixed-
spectra, luminescence spectra with large Stokes shifts, largevalence states due to the electrgghonon interaction$),
third-order nonlinear optical properties, midgap absorptions where the bridging halogens are displaced from the midpoints
attributable to solitons and polarons, one-dimensional model between the neighboring two metal ions (Figure 1a).

compounds of high~. copper oxide superconductors, &te.

Accordingly, the half-filled metallic band is split into the

Theoretically these MX chains are considered as Peierls occupied valence band and the unoccupied conduction band
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with finite Peierls gaps. Therefore, these compounds belong
to the class Il type of the RobirDay classification for the
mixed-valence complexédn these compounds, the CDW
strengths are tuned by substituting the metal ions, bridging
halogens, in-plane ligands, and counterani@ridoreover,
the dimensionalities of the CDW can be controlled by using
the intra- and interchain hydrogen-bond networks.

On the other hand, the Ni compounds have spin density
wave states (SDW) or NiMott—Hubbard states due to the
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strong electron correlatiot), where the bridging halogens  Table 1. Crystal Parameters (A) of [Ni(chxsGl1—xBr,](NO3),

are located at the midpoints between neighboring two Ni X a b c
atoms (Figure 1b). Therefore, these Ni complexes belong to 10 2291 501 786
the class Il type of the RobinDay classification for the 0.90 22.85 5.20 7.86
mixed-valence complexésThe very strong antiferromag- 0.79 22.94 5.13 7.91
. : i . 0.69 22.98 5.13 7.90
netic interactions among the spins located on thé b 0.55 23.03 5.09 799
orbitals through the bridging halogen ions are observed in 0.32 23.00 5.07 7.94
these compound§:*More recently the gigantic third-order g-ig gg-gz g-gg ;-3‘5‘
nonlinear optical susceptibility(® = ~104 esu) has been 0.02 23.09 2.98 7.96
observed in [NI'(chxn)Br]Br, (chxn = 1R,2R-diaminocy- 0 22.99 4.98 8.00
gsvzixg_rllek))a?:é% to the strong electron correlation and theg{%Ie 2. XPS and Auger Spectral Data of [Ni(ch¥Sl1 Br](NO):
A new series of MX chains, that is, the NPd mixe_d— x Ni(2p) Ni(3d) Ni KLL U
metal compounds MlXPCL(Ch)fnkBrg, have been synthesllzed, 10 852.40 203 64164 3.38
where the electronphonon interactionS) on the Pd sites 0.79 852.99 1.98 641.73 4.16
and the electron correlatiol] on the Ni sites compete with 0.32 852.67 1.56 641.40 4.35
each other. With an increase of the Ni component, tHe-Pd 0.10 885523.5(? f’f? gjg 'gf f_'gg

PdY mixed-valence state is gradually changed into th# Pd

state due to the stronger electron correlation on the Ni site  The X-ray powder patterns of [M{chxnkCl;_BrJ(NO3),
(~5 eV) compared with the electretphonon interaction on  gre similar to one another and to those of [Ni(chX@#NO3),
the Pd site {1 V)18 (X = ClI and Br), where their structures were determined
Correctly speaking, the Ni complexes are not Mott  previously by single-crystal X-ray diffraction methods, that
insulators but charge-transfer insulators where the energyis, a space group of222* Therefore the structures are
levels of the bridging halogens are located between the upperassumed to have the halogen-bridged linear chain structures,
Hubbard band and lower Hubbard band composed of thewhere the planar [Ni(chxg) are stacked with the axial
Ni"" dz. Therefore, the electronic structures of the"Ni  bridging halogen ions. The NOcounterions exist along the
complexes are similar to those of the starting materials of chains, forming the two-dimensional hydrogen-bond net-
high-T. copper oxide superconductors except for their works as observed in [Ni(chx¥](NO3), (X = Cl and Br)**
dimensionalities? The lowest charge-transfer band is at- The results of the X-ray powder patterns are listed in Table
tributable to the transition from the bridging halogens to the 1. Theb-axes ana-axes correspond to the NNi distances
upper Hubbard bands of Wi3dz Such CT bands are along the chain and the interchain distances in the direction
observed at 1.45 and 2.00 eV for [Ni(chyY)(NO3), (X = of the hydrogen bonds, respectively. As shown in Table 1,
Cl and Br), respectively In order to investigate their theb-axes increase with increasing Br contents, due to the
electronic structures, we have synthesized the mixed-halogeniarger ionic radius of Br compared with that of Cl. Therefore,
bridged complexes, [Ni(chxnkCl;—,Br,J(NOs),, and mea-  the mixing of the bridging halogen ions was considered to
sured the single-crystal reflectance spectra, XPS, Augerbe carried out successfully. On the other hand, dfexis
spectra, and X-ray powder pattefs. decreases with increasing Br content. Such a negative
correlation betweera- and b-axes has been observed in
(13) Toriumi, K.; Wada, Y.; Mitani, T.; Bandow, S.; Yamashita, M.; Fuijii, [Ni(chxn)X]Y, (X = Cl and Br; Y = ClI, Br, NO;, and

Y. J. Am. Chem. Sod 989 111, 2341-2342. ClOy).14

(14) Yamashita, M.; Manabe, T.; Inoue, K.; Kawashima, T.; Okamoto, H.; . . .
Kitagawa, H.; Mitani, T.; Toriumi, K.; Miyamae, H.: Ikeda, Rorg. In order to evaluate the on-site Coulomb repulsion energies
Chem.1999 38, 1894-1899. _of Ni components, we have measured the XPS and Auger

(15) Kishida, H.; Matsuzaki, H.; Okamoto, H.; Manabe, T.; Yamashita, . .
M. Taguchi, Y.; Tokura, Y Nature 200q 405, 928-932. spectra of these compounds. The results are listed in Table

(16) Yamashita, M.; Ishii, T.; Matsuzaka, H.; Manabe, T.; Kawashima, 2.

T.; Okamoto, H.; Kitagawa, H.; Mitani, T.; Marumoto, K.; Kuroda, . .

S.Inorg. Chem 1999 38’ 5124-5130. The broad Ni 3d signals are observed at ca2®V. The
(17) Marumoto, K.; Tanaka, H.; Kuroda, S.; Manabe, T.; Yamashita, M. Ni 2ps/, sighals are observed at ca. 8553.5 eV. The Ni

(18) lF’VC;’ﬁbRE' JB éﬁgg 6806C76J9p9ri538268 935045 KLL signals are observed at ca. 646:641.7 eV. By using

(19) (a) Okamoto, H.; Shimada, Y.; Oka, Y.; Chainani, A.; Takahashi, T.; the previous methods, we have obtained the on-site Coulomb
Kitagawa, H.; Mitani, T.; Toriumi, K.; Inoue, K.; Manabe, T.; repulsion eneraie 19The values range from 3.5t0 5 eV.
Yamashita. MPhys. Re. B 1996 54, 8438-8445. (b) Sawatzky, G. P 9 Su) 9 .

A. Phys. Re. Lett. 197739, 504-507. (c) Cini, M. Solid State ~ 1hese values are almost equal to those of [Ni(ch%X -
20) %’mmunlﬁ??fﬁ ZOI, 605—%07- ol The chemical (X = Cl and Br). Therefore, these Ni complexes have strong
e expenmenta procedures are as Tollows. e chemical reagents :
were purchased from Wako Pure Chemical Industry Co. Ltd., and all electron correlation energyJQ.
procedures were performed i Btmosphere. NichxnpX, (X = Cl By Kramers-Kronig transformations of the single-crystal

and Br) were synthesized by the methods described previously (ref - :
14). The title compounds [Mi{chxnCli_,Br,](NOs) were obtained reflectance spectra, we have obtained the absorption spectra

by the electrochemical oxidation methods of various mixing ratios of (Figure 3).
Ni(chxn)Cl, and Ni(chxn)Br; in methanol solutions (ca. 1 mmol) . . . .

including ca 1 g of NHyNO;3 as an electrolyte at room temperature . No intense absqrptlops are observed in the l!ght per'pen-
with electric current of 2QuA using an H-shaped cell. dicular to the chain axis. On the other hand, in the light
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Figure 3. Optical conductive spectra of [N{chxnkCl;—xBry](NO3):
(1)x=1, (2)x=0.82, (3)x = 0.68, (4)x = 0.46, (5)x = 0.21, and (6)
x=0.
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Figure 4. One-band system composed of Cl 3p and Br 4p (a) and two-
band system composed of Cl 3p and Br 4p (b).

tors, where the bridging halogens are located between the
upper and lower Hubbard bands of theé'"Ni2 However,
there are two possibilities in their electronic structures as
shown in Figure 4.

If the ClI 3p and Br 4p have the different energy states
independently in the compounds, we should observe two
peaks from Cl 3p and Br 4p to the upper Hubbard band,
respectively. If the Cl 3p and Br 4p make one band in the
compounds, we should observe one peak. As shown in Figure
3, the single absorption is observed from 1.45 to 2.00 eV
depending on the mixing ratios of Cl and Br ions. Therefore,
the Cl 3p and Br 4p make one band. Accordingly, the CT
bands are attributable to the transitions from the single
bridging halogen bands composed of Cl 3p and Br 4p to the
upper Hubbard bands of Ni3dz Accordingly, we can tune
the spin density wave strengths of'Ntomplexes with strong
electron correlations by mixing the bridging halogen ions
successively.

Acknowledgment. This work was partly supported by a
Grant-in-Aid for Science Research on Priority Areas (“Metal-
assembled Complexes”) from the Ministry of Education,
Culture, Sports, Science and Technology.

parallel to the chain axes, the intense charge-transfer bands

are observed from 1.45 to 2.00 eV. Since the on-site
Coulomb repulsion energied) range from 3.5to 5 eV and
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the lowest CT bands range from 1.45 to 2.00 eV, the NtP-//pubs.acs.org.

[Ni(chxn),Cl;—«Br,](NOs), are considered as the CT insula-

1C0256541

Inorganic Chemistry, Vol. 41, No. 20, 2002 4995



