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Porphyrins and metalloporphyrins are important chemical species in various fields of
chemistry. Recently, they are recognized as an important member (as well as phthalocyanines) in
materials chemistry. Although porphyrin has some similarities in molecular structure with
phthalocyanine, its molecular orbital energies are different. Therefore a set of distinct characteristics
can be observed from these materials.

The related phthalocyanines are widely researched as potential molecular conductors. Many
conducting phthalocyanines are engineered so as to prepare more functional derivatives with higher
dimensions. These compounds are so flexible and versatile allowing easy functionality design and
structure-tuning. Phthalocyanine molecules tend to stack in a face-to-face manner in the crystal to
accommodate significant conductivity. And when axial ligands are attached to the central metal, as
well as when the central metal is replaced, changes in the physical and electronic properties are
observed. One important change is the enhancement of conductivity under external magnetic fields
(giant negative magnetoresistance) observed in the phthalocyanine conductors (Figure 1).

In this study, porphyrin molecules are subjected under the same functionality design and
tuning employed for the investigation of phthalocyanine molecular conductors, with the purpose of
understanding the nature of the unique n-d interaction
magnetotransport properties found in the
phthalocyanine system. Structurally, the
porphyrin molecule has lesser number of
conjugations (enhancing the electron correlation
effect) which makes it the good prospect in this
line of research.
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Furthermore, in order to clarify the basic d-d interaction « charge disproportionation due

n-electronic feature of the porphyrins, charge- ;::!?:r;;“;g;mc to the correlation effect
1

transfer complexes were prepared and the charge- interaction
transfer interactions were investigated. I

Chapter 1 of this thesis reviews the Possibly mediated by the n-¢

history of molecular conductors. The principles and -7 interactions

behind the conductivity of molecular crystals are
also discussed. A brief overview of the
phthalocyanine and porphyrin conductors is also
presented.

Figure 1. The Phthalocyanine Conductor System

Chapter 2 describes the synthesis of the starting material, 5,10,15,20-tetramethyl-21H,23H-
porphine, [H,(tmp)] for the two of the H,(tmp) charge-transfer complexes which had to be prepared.
This chapter also demonstrates how all of the porphyrin complexes were prepared and the methods
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used for the crystal growth. Charge-transfer complexes of Hy(tpp) (5,10,15,20-tetraphenyl-
21H,23H-porphine) and Ni(tpp) were successfully produced by combining the donor and acceptor
molecules and slow evaporation of the solvents. For Hy(tmp) complexes slow liquid diffusion
method worked well.

Chapter 3 includes the characteristics and properties of all the prepared porphyrin
complexes. The charge transfer characteristics of all the complexes were determined by crystal
structure, IR spectroscopy, diffuse reflectance spectroscopy, and consultation with the ionicity
diagram. From the crystal structure, the bond lengths of the acceptor molecules are described to be in
the neutral state, thus, making the complexes also neutral. The IR spectra of the complexes also
showed vibrations that of neutral TCNQ, F,TCNQ and F,TCNQ; again showing that the complexes
are neutral. The diffuse reflectance spectra showed a charge transfer band characteristic of neutral
charge-transfer complexes. These results are consistent with the ionicity diagram where the positions
of the CT complexes are found in the neutral region of the diagram.

The calculation of the overlap integrals provided the evidence that both a,, and aj,-type
MOs of the porphyrin donor molecule contribute to the CT interaction, although a varying degree of
the contributions from these MOs was observed in the formation of CT complexes. The conclusion
from this study is that both the HOMO and the next-HOMO of porphyrins can contribute to the
charge-transfer events.

Chapter 4 presents the preparation and the characterization procedures carried out for the
synthesis of the axially ligated porphyrins. As the preliminary study toward the zn-d system of the
axially ligated porphyrin complexes, axially ligated Co(tpp) and Co(tmp) anionic complexes were
prepared, and their crystal structures and optical properties were investigated. Crystals were not
obtained for the axially ligated Co(tpp), while the axially ligated Co(tmp) gave the porphyrin
skeleton highly distorted. To examine the possibility of obtaining conductors based on these
complexes, electrolysis was also carried out. The results from IR spectroscopy, diffuse relectance
spectroscopy, and conductivity measurements suggested that the electrolyzed [Co(tmp)(CN),]™ salts
contained fully oxidized neutral radicals of [Co(tmp)}(CN),].

Chapter 5 summarizes the importance of this research, future aspects, and the concluding
remarks.
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BEETIE, BRSTEICBEERZBRRD ETH 0 FHEERIZSERESNTNES, £
OFTHEEMNE 7 Y uT=r (Pc) BEEERKIa=—I -2 BEEELA L., BRELREIEE
KR TTZENOERESATVS, ZOBRAAMME, PcBMEFO 2 BEFRCNE SN -CEET
LHLEBO HEICNE SN -BERBRE— A FOHEER (n-dHEMER) KXo Tl &
INTVEN, ZOERICISFRO n-n BEEAPES B T3, T2bbL, n-x#HAEEHR
DEBOP W DICETHORB=RINF— (ETHE) OREBLHIZTT rETFRIIFHERELHFV
B0, ELIIHMERE—A L MREETH ELEBTFOREIZL Y BRI EET S, I I
BBMERT 52 & CREMEBRE N, EXABREREVOIRERERELC VB B LR TY
B, ZOBKBEHHEORBMELMIAT DI BEFRORHEHALMCTILERHY ., £
DF-HITIE Pc FLIZRRAZEFHEDRZE > n R RENMFEMLEL RS, F2C, EHiIrE
FROLVFENLERL T 4 YV ACEBAL, nEFROFEEZHALHICT S BN TERNBEISEE &
BN BRISE ROy FHEEROBE L MO EEIT-> T3,

RNV T 4 Y BRI PCERIVGEBFHREESEO I EXRNONTVEN, EHITITEWELT
W2 20DRLDHFMEDSTFIENFE & HIZ HOMO B L 25720, PcREITRAR D n-d HE
ERANERSNAFEEZHBO TS, LrL, KT 4V U 2BFHEERS E Lz n-n*EWNB
B (CT) #AEITIFEA RO T2, CT iIZff5 HOMO FEDFFMIZ DWW TIX 2 KM TH -
Tro FZTEEIIBATZ LV VBDOA VMR 7 2= AEE2 LD tpp & AFAEEFED tmp @ CT #k
SRFERML, KRl S THBE2 XREFER TR, ETFREEZRAD LS LOFHE - ERS
RO AR PAIZEIVHREL, ZRFRPHEERETHI ZE2HLMILE, I 61T,
BET—FEHWTHEE - REARRBOBER VD E2FHET S 2L T, 220 HOMO ER DOHLED
FEBNEIZ CTHEERICEDL TWAZ EEZHALNAICLTWVS,

IHICEEX, tpp BL VU tmp $8% AV CTHERAEEE~OBEE2K > T35, TTEBEA
Ik Co kG L., RNWTLT U A F v EDORIGICE W T =F B 7 7 @# Co sk
EEERL,. XX 57272V EB—2arifToT03, TOT7 =4 % BREBLLTIETHHS OD
NEEZOBNDIAERYEBDIEZAETHREZED TVAEN, BREEEIX Pc RLD LD EN
e, YPIORKBYEFREOLVRONRELE RS TWNWAZ ERFRBREINTVS,

PAEERIZ, RAL7 14U CFEEKD CT $EEOEE - AR L > Ta B FROREEZH S HMIC
L., EHIICHEEMBOMELZ SR UEBERERMA~LEBEL TS, ZNLDOWMREILESE. A4
FHUAATEBE~ORBOREAMNY L2y n XBREN FHEATERIND 2-d REBEROHR
RESEXELOBEBRIAICLBRYISLEIOLNS, KRXOANEDO—ERITEEIC ESMICER D 5%
WMEEICEREIN., BVHEHELEZZTTVWS, Lo TEER—RITEENEL (BY) O¥ME2ZT5
WD RhEBREETLHILOLERD D,
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