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Study of Quasi One-Dimensional Organic Alloy
Co, Ni,, Pc(AsFy),s
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Focusing on the charge-transfer complex of transition-metal phthalocyanine
MPc(M=Co: d’ and Ni: d%), the present thesis intended to clar'i‘fy the electronic
structure of the quasi-one-dimensional (1D) #d phthalocyanine system. MPc makes a
stable 1D conductor when the molecule is oxidized with a counter anion such as AsF;.
Phthalocyanine conductors take a characteristic molecular arrangement, in which metal
(M) chain and ligand (Pc) chain coexist in the same molecular stack. CoPc molecule
contains unpaired d-electrons which is spacially sepératédfrém the highenstvoccu‘pied
molecular orbital (HOMO). Due to this nature 1n CoPc(AsFG)0 s, the itinerant -
electron coexists with unpaired d-electron. It has not been 1nvest1gated in the charge-
transfer salt if the unpaired d electron occupies the 3d.. orbital like in neutral CoPc,
and whether the unpaired d electron is localized or forms a 1D band. To elucidate the
electronic structure of this po‘ssibleff;two-ban‘d‘ system, we prepared the charge-transfer
salts of NiPc, CoPc, and their mixed crystals, and characterized them by means of
elementary analysis, crystal structural ‘analysis, ESR, Raman spectroscopy, reflection
spectroscopy, and magnetic susceptlblhty |

The elementary analy51s indicated that the organlc alloys Co Nll_xPc(Ast)05
were prepared in a wide range of x. The- boundary ‘of crystal structure with the
tetragonal and orthorhombic system is located between x=0.25 and 0.45 in this alloy
system, and the parameter c¢ decreases systematically with the increase of the Co
concentration x. The angular dependence of g value at 3.2 K clearly showed that the
doped CoPc was relevantly Substituted in the alloyiy Under the 633 ‘nm:exc'itation,\)ve
found new Raman bands at 368 cm™ and 736 cm™, ‘which appeared only in the mixed
crystals. These new Raman bands were sign’ificfantly suppressed under the 515 nm
excitation. In the range of x<0.45, the reflection spectra polarized parallel to the c-axis
are similar to that of NiPc(AsFy), s, while the characteristic spectrum of CoPc(AsFy), s
is observable in the range of 0.87=x=<1. The reflection spectra polarized perpendicular
to c-axis in the visible region also show the systematic change. The series of evidences
described above indicate that the mixed crystals are formed on the molecular level in
the whole range of x.

Based on the analysis of the well-resolved hyperfine structure in the very dilute
alloy, the unpaired d-electron in Co was confirmed to occupy the 3d,. orbital, which is
extended perpendicular to the molecular plane. As the 3d,. orbital is doubly occupied
in NiPc and singly occupied in CoPc, a repulsive force works between the neighboring
Ni atoms in NiPc(AsFy),s, whereas an attractive force works between the Co atoms in
CoPc(AsFg),s. This result explains the systematic change of the ¢ parameters of the
mixed crystal. The appearance of the new Raman bands is interpreted as a resonance
effect, because first the second harmonic band appears, second they show a strong

excitation dependence, and third they are highly sensitive to the introduction of CoPc.



This finding indicates that a new excited state is formed in the mixed crystals. As these
new peaks at 368 cm™ and 736 cm™ appear only in the (c,c) polarization, the optical
transition to this new excited state is polarized along the c-axis. Therefore the excited
state is associated with the inter-molecular charge-transfer state between the 3d
orbitals of neighboring CoPc and NiPc. The Co concentration dependence of the
Raman intensity of the new peaks presents an asymmetric tendency with respect to the
concentration of Co, and is qualitatively reproduced by the function of x(1-x)>. This
implies that the band at 368 cm™ is assigned to the a,, mode of NiPc. According to
the molecular orbital calculation, the energy difference between 3d.. and 3d,._. orbitals
is about 2 eV, which is close to the excitation energy of the new optical transition.
Therefore, the new optical transition is assigned to the inter-molecular charge-transfer
transition from the 3d,. orbital of Co to the 3d,_.orbital of Ni. This means that the
introduction of the electron into the 3d,. . orbital induces the geometrical change to the
inner macrocycle.

The reflection spectra in the infrared region provides the information on the
bandwidth and anisotropy of a conduction band. Comparing with the spectrum of
NiPc(AsF),s, the reflectivity of CoPc(AsFg),s in the mid-infrared region shows an
additional optical transition. Therefore, we analyzed the reflection and conductivity
spectra using Drude and Lorentz models. The total plasma frequency of the
CoPc(AsFy),s is much larger than that of NiPc(AsF;),s, which strongly suggests that
the 3d orbital also contributes to the optical transition of CoPc(AsFg), s in the mid- -
infrared region. The Drude and Lorentz terms are associated with the %-filled #~band
and %-filled d-band. Assuming the 1D tight-binding model for the &~ band and 1D
Hubbard band model for the d-band, the bandwidth of CoPc(AsF), s was estimated as
1.8~2.1 eV for the a~band and 0.5~0.6 eV for the d-band. The low excitation energy of
the mid-infrared transition suggests that the 3d-band is located near the Fermi level of
the %-filled #-band.

In a dilute alloy (x<<1), the magnetic moment of Co® ion is localized. The
purpose of the ESR properties of dilute Co,Ni; ,Pc(AsF),s is to obtain the magnitude
of the exchange interaction between the local moment of Co* ions and itinerant spins
of Pc-ligand. Using a molecular field approximation, we analyzed the temperature
dependence of the g value and linewidth in the high temperature regime, in which the
hyperfine signal was replaced by a single Lorentzian line. The broad single line comes
from the coupling between the d- and #-spins through the exchange interaction. Based
on the numerical simulation of the g value and line shape of the ESR signals of
C0g.0;Nig osPc(AsFs)os, the exchange interaction between d- and s-spins and the
density states at Fermi level were obtained as |/,,|=0.013+0.002 eV and D;=3.8+0.2
eV™!, respectively. Using these parameters, the Kondo and RKKY temperatures were
estimated as 2x10”° K and 7 K. This result is consistent with the magnetic

susceptibility of the alloy system which conforms to the Curie-Weiss law down to 2 K.



This result suggests a small hybridization between the Co 3d,. orbital and Pc HOMO of
the neighbour molecule as well as the small exchange energy between Co 3d,. and
HOMO within the same molecule. The magnetic susceptibility of Co,Ni, Pc(AsFs), s
consists of Curie-Weiss term and nearly temperature independent term. The Curie
constant first increases up to x=0.1, then decreases in high Co concentration region.
The enhancement of the Co concentration increases the CoPc pair, and then the direct
antiferromagnetic interaction between the pairs suppresses the Curie constants. This
feature is consistent with the formation of the half-filled 1D band.

In conclusion, the formation of the 3d,. band was verified by the optical spectrum
and the magnetic properties of Co,Ni, Pc(AsFK),s. Both results are consistent with
each other.
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T EZ(Yugin Ding)SA D H 5 LD 4 1L Study of Quasi One-Dimensional Organic Alloy
Co,Nij Pc(AsFg)g 51 ThD, 7FaL 7= (Pl IND)LAEMIZR VI ROBE R 2 >— K
T FHEGCERTHD, B, n BFROLADYEICEETI2BE 0K EEEL 15’%72‘9#3
LEBLLTEBERER 27T F TS FEEITEN s BEFLE. BB 4
BRFOIBFBEDOEFYHEIIBNTEERREZ2E->TVS, ZOLHRBEBOEDIZT ROy
TV B KL FHECERICBTD - dBEERAOMEICELERDSRNRD1IDTHD, T
EFEIATFOLEBIZCoR® NI Ao7%CoPc, NiPcBLDUCobNIZBESbEEIA LR [IZOoN
THAFHAERBIOMANRELZEHEBECITO. ZRNET BBASh QW EBE BT X
Ul T =R EROEFHREOEEBERALLCLE,

R LIL6ELVRY F —BECTREBBEECOVTOEBIM. i, A—FAIn =7

FFHEBCEERONFAII BL, 703 T2 mE IOV THML R TNB R AR 72
%*ﬁ%na L7z, HIETIIRAER. RFUE. BRI EROCBEEHREDERIZONT
DEBRRINTND, BEEZBENLELE CRERBRLFDEBFABLIVHERIZ OV TRIRL,

BEREIFEDTHS,

TEFSAR PLERBELTNILCOEBADHRIETEL—EDI 4L RIOERLELY
f# & TYERR L7z, EPMA (electron probe microanalysis) TR 7 Co,Ni;_,Pc(AsFy), o%& &b DONi/Co
DAL EFE R DIERDIZDIIRE A D ERELIZNIPcLCoPcOM R LA x DLEM TR N
— &R LTz, £, CoPc(AsFy), 513 1E 5 & & T, NiPc(AsFG)O IR 5 da R THDHx=0.3531T 1%
THRERDANEDINRIDZZENH o, xDWD LI ICHEBET 740 7o 5 F0OLRBE
T BB 2SN T2 01%, NioHg N &3 23dz? 8 0)%%F'ﬁﬁ%mi%ﬂﬂﬁ‘ét&bc‘:ﬁ@ﬁéh%
Bl FRITx DN SVEEE T EICCoP IR K T B CurieF BEME IR L. x O IN L 3128 K338,
x>0. 1 TIZCoDBENHEZ . BEBETHCoPcOMB AR ICLVAY  —BEBEAH R TAEMERL,
BaAt 2 13x=0.3330 5 CTHE R L7225, xA3+ 4 REVEEIR TIZCurie B 13 /N &2 48 T /K fa 1o BE -5<Ef
TEBRVWTREREZEEHEERTEIENIZ LN H -7, NiPc(AsFy)s 12 1% D Co % & t»
Cog.01Nig goPc(AsFg) s fa DESRERRFIL, Co FIZRBETAHABE FAL L D DB F i, Coll AL
VEDERFHMMBIER FERELL, ¥ ESREEAF BSOS OBSHMERICE SV CME
L, n BFLIBFRORBMMEEALZBET | ],,]=0.013+0.002 eVERFELo7, &4 %
DI F R TE TIEHM D CoPc(AsFg)g s °NiPc(AsFg), s TIX BB 372 W EF LT~ 2 B I 85 A8 iy
RIEDARIINATHND I EFH LA HL, FORGHEFEEHERFLEEE . COR I
CoPch3 FMBNIPe~DEF BB LIy N LIET7ZOL T oo FEROT VD P —R ik 5
bDTHHZEE AL _Lfco E72. CoPc(AsFg)y s D K& A7 h L 3NiPc(AsFy), 50)&%%&71\
WEEFERY, FRAERICEBEBOIALNAEORSEEBRS RTELEHL. t EF BRI
IR TTRFGE NV RFEIE T IR TAN—RAVREZEE L TR A AT MO FENT 21T %ﬂ
THhDONRIE%1.8-2.1 eV, 0.5-0.6 eVER D=,

EROBRICT EBSAETZFuv 7= REAOER LR AEFHERLIOBANHEE LT,
ZORBBNHFEELR AL, A RIIRENR—RITp-MEEXRTHIEBL B 7Oy
T ML EMOBEFHEORBEMALLEE R THY. %E%é E—HLTEAEIZA
BLELOLHELE,
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