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The charge-transfer salts of metallo-phthalocyanines (MPcs) make up a family of
quasi-one-dimensional organic conductors such as MPc(X), (M = H,, Ni, Co, Cu, Pt; X =
I,, BF,, ClO,, AsFg, SbFg y = 0.33-1.0). Among these compounds, charge-transfer salts
of NiP¢, CoPc, and PtPc with y =0.33 and 0.5 form double-chain and two-band systems:
the central metal and maclocycle produce one-dimensional 3d and n-bands,
respectively. In NiPc(AsFg), 5 positive holes are doped into this n-band at ambient
pressure, being metallic above the metal-insulator transition temperature of 40K.! The
narrow 3d-band is located near the Fermi level of the n-band. Due to this closeness,
high pressure induces a metal-ligand charge-transfer between the 3d and n-bands,
which was proved by the vibrational spectrum in the infrared region, plasmon
absorption in the near-infrared region, and interband transition in the visible
transition accompanies the pressure-induced metal-ligand charge transfer. To
characterize this pressure-induced insulating phase, they have conducted high
pressure experiments of electrical resistivity and thermopower.

The metal-insulator transition temperature goes up to high temperature side on
increasing pressure and reached about 230 K at 1.0 GPa. The thermopower under high
pressure decreased linearly against temperature and did not show any anomaly
around the metal-insulator transition temperature in the same way as those
characteristics taken at ambient pressure. Since thermopower is sensitive to the
density of states at the Fermi level, both the metal-insulator transition under high and
ambient pressure is not accompanied by the opening of a gap at the Fermi level.
Therefore, Peierls transition is not compatible with the behavior of the thermopower.
These properties resemble Li, Ti,,0, the thermopower of which exhibits linear
decrease in the nonmetallic region of x = 0.15,.0.20, 0.22 and 0.25 in the same way as
the metallic region of x = 0. A finite density of states was suggested at the Fermi level
of these nonmetallic éompounds. In these materials, the nonmetallic state is attributed
to the localized states.” Thus, there is a possibility that the insulating phase of
NiPc(AsF), 5 is some kind of localized state probably due to the small amount of Ni**,
in other words, a small amount of holes in the metal chain or narrow 3d band. The
localized Ni** will be distributed randomly in the crystal and this excess charge
produces random potentials, which make an influence on the coherent motions of the
charge carriers in the n-band. Since the number of Ni*" sites increases due to the
metal-ligand charge transfer induced by high pressure, the insulating phase expands
to the high-temperature region in a P-T phase diagram. However, the latest data of
heat capacity and low-temperature X-ray diffraction study under ambient pressure
indicate the possibility of a structural change around the metal-insulator transition

temperature such as a torsion of the phthalocyanine molecular “gear” in the a, b-plane
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accompanying the change of crystal system from orthorhombic to monoclinic. Optical
experiment which is very sensitive to the lattice dimerization also did not show any
evidence of lattice dimerization. Consequently, these structural change will not
directly influence on the electronic state of the one-dimensional chain.

Pressure induced d-n charge transfer is regarded as a “band-filling control” by
pressure. It is very interesting to investigate the physical properties in the various
band fillings which result in the different density of state or effective on-site Coulomb
repulsion. However, under high-pressure, the practicable measurement is limited.
Therefore, they tried to control the band filling at ambient pressure. In the
conventional electrochemical method through solution state, the crystal composition
settled down one stable phase as a necessary result through an equilibrium condition.
Therefore, as the first stage, they tried to develop a new doping method in the “solid
state”. They used the MPc¢c-PBC composite films (M = Pt, Ni) as the starting material
for doping. TBAPFy; and TBAAsF; were adopted as supporting electrolytes. The doped
film was characterized by X-ray diffraction, EPMA, ICP, ESR, and conductivity
measurement. It showed almost the same properties as the crystals produced by the
conventional electrochemical crystallization method. As the second stage, they tried to
control the band filling by potential control in the range of the oxidation wave. Judging
from the result of the X-ray diffraction study, MPc-PBC could not keep the same
crystal structure over the potential range of the anodic peak giving the mixture
pattern of undoped and doped one. As a result, they succeeded in the development of a
new doping method based in solid state, though the continuous filling control by
potential control could not be realized by this method.

CoPc(AsF¢)y 5 shows semiconducting behavior even at ambient temperature in
spite of the same band filling and nearly isomorphous crystal structure to NiPc(AsFy), s.
CoPc(AsFy) 5 is a typical n-d system in which a localized d-electron coexist with an
itinerant m-electron and it is described by the one-dimensional Kondo lattice model.
Recently, it is pointed out that the next-nearest-neighbor Coulomb repulsion among =n-
electrons, the magnetic coupling between n and d-electrons, and the antiferromagnetic
coupling between d-d electrons are essential to open a charge gap using the one-
dimensional quarter-filled Heisenberg-Kondo lattice model.” From the experimental
viewpoint, CoPc(AsFg), 5 is regarded as the narrow-gap one-dimensional semiconductor
by its conducting behavior in the temperature range 20-500 K. To elucidate the
electronic structure of n-d system of CoPc(AsFy), 5 they carried out the optical study
for CoPc(AsFg)os (d7; magnetic), NiPc(AsFy),s (d®; non-magnetic), and the mixed
crystals, Co,Ni, Pc(AsFg)os. The mixed crystals were characterized by X-ray
measurement, EPMA, ESR, and Raman spectrum. The plasma frequency of
CoPc(AsFy), 5 is nearly 30 % larger than that of NiPc(AsF;), 5. This result indicates the
formation of one-dimensional d-band in CoPc(AsFy),s. The plasma edge of Co,Ni,.
Pc(AsFg), 5 is close to that of NiPc(AsFy), 5 in spite of the small contents of Niions. This
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means that the overlap of Co d,?-orbital was interrupted by the introduction of non-
magnetic Ni ions. It is expected that the magnetic studies of these mixed crystals

promote their understanding for this n-d system
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*E BREFIAOREHRIXDOMES T ISutudies on Electronic Structures of Quasi
One-Dimensional Phthalocyanine Conductors, NiPc(AsFg)g 5 and CoPc(AsFg)g 5
(E—km7 v o> 7= vzEk, NiPc(AsFg)ys 3 & v CoPc(AsFg)ys mBEFHED
ME)) TH2, kKRSAPHRL-BBESEV7 Y us 72 VEREIERIREVHEDORE
BEFO—RITEEERTHEP. #Hiz, 1980 FERELD., FLEBDIEFOE KL L 7
o7y FOMRERFHEIOMEERAPEEENS LDk, ARXITIEEL
DNi2d, BILEIFRTHD., THABOI T IV L2EBD THSECERBEERORR
. TNLOBEFHEE, F-YUI/9R, tdBFREF SO>S FHEEKEK, 7o 7o
VEEEORE., ARXOBRE BNEIZHAWTHR U, F2E Tk NiPc(AsFg)gs @
BETTOHREESN. BEREH., KBOAEETV, £k, REIARZ P LVERLEL, ¥
. BETToOREENHREE., INETERADPLVHETH Y., RKEZAZAEL
VOBE, FAEETVRAIEZERE G, TOMRICEID., BEBHICIEAOBREEL X
DRERLN, €SB HBAEROBEHEBICEVWTIEBIIAE DX » v TOFEEEXRTEIL
PRLNIEWILERELNIZ L, —A. 75 XETVRIROEN > SR EE-BEBEER
DEENRBRENTVDEY, BETOBROBEELIr»SXENEFKICERBEN., LA
TEENAS Pl INEDOHRIEESE, R HEBUAEBROHXE YO T
ZVREBOT-dBFEEOENEILLBEUCD. FHRARF VU v VORECHES EF
BETHDIZ2HELTVWD, £, SETORF AR P S FHEO LEBEDH
FEXBERLIVSE-BBEEBROAFE T ALLrOBERLLRON D AEELRRE
Nz, EIEBETEHE 7Y > 7= v (PtPc)% &% F PBC (poly-bisphenol-A-carbonate)
RV 72 ZAFUEHBHETTEMVAAR, B2 IZE&EE2EX CEAHETOBSILENF -V
THRBT, TN FHEEEENR L LAELOE L TRIDTORAEATHD., Bo5niz
BREXRE., ESR, KFEARZ P LI X > THRGNZ, BHTOEBERILZERNZ K~
YOk 5T, 7507 = U EEAPIP(PFg,-PBC, Ni (PFg),-PBC, NiPc(AsFg),-PB)
DN 74 ) 7 eH#lT 2R A, BxODBMATF-—YYrrs/9diicddizank
B XREFBROMKEID, BEER-EFET+ )Y rEarbu— VY5 IEE
THHTENHBE LT, 845 7Ti3 NiPc(AsFg)y 5, CoPc(AsFg)y s DR HRH Z =2 +
V% 600cml 25 30000cm™l DEWETHIE L., 75 X<IEEHK. AHER. N FARS
A= —FEEDEWMET T, BHIZ., CoPcRTIRANVYFONRST A -7 —LRKDBENT=,
F, B&AR. CoxNij4Pe(AsFg)os K 2WTHD TRBAILHREIT - 2. BERIZIEH
BRIZZENI 2D Ag NNV FBns e, Cond-dMEEAP NI TH LGNS Z
EREBPHLMIEINT,

LROBIIAREAOHRR AMEFRIAFT H2HEO 2 —KRTH FHEEEETH S
BREGE 7V OV T VEERDBTHBECI DVWILEL OFLZAEEZHS HIZLTW 3,
INLORREIIMORBILL LTHEEINTHY., BEEAZTELE R L TCEB AR LE
LD EHEL T,

KR BHEFEAOBIHRCETZIORABRIIT | A28 HOFRIZEREN, 2
BREICE > TKREIAOBLIRATONABER DLW THMIIHESI N, EEEB - O/MITESR
WEBRIEEN s ENT, TORR. MEARIRES EFAMREELLOTHE L, Fi,
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