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Syntheses of Axially-Ligated Metallophthalocyanine
Molecular Conductors and the Chemical and Physical
Factors Affecting their Solid-State Properties
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Metallophthalocyanines [M(Pc)] become conductors when their HOMO which is
located on the Pc-m, is oxidized in any extent. © Conduction path

Moreover, axial ligands can be attached to its central . g 3
metal thereby enabling the control and design of its v 5 :
solid-state  crystallographic ~ arrangement. The ¢ & “ o .

orientation of M(Pc) particularly its intermolecular

distances positions, and dimensionality, plays an  Figure 1. M(Pc)L. slipped-stack 1-D formation.
Portant factor on its physical characteristics, especially on its electrical conductivity (Figure
D).

The varying physico-chemical properties of the central metal and ligands influence the
intramolecular 7n-d and the intermolecular n-m Ligand-ficld effect
interactions which eventually affects the electronic b
character and thus, the solid-state properties of the %ﬁ\“‘j‘/ﬁ?\
system (Figure 2). The electronic structures of the , :(N;\?; ’
non-magnetic Co®* and the magnetic Fe**

L I
n-conjugated phthalocyanines with various sets of KQ«_W/\N-“}/?E?

axial ligands of different sizes and ligand field ' ' N e
strengths can contribute an important role in better r-rinteraction [T <>

understanding the nature of molecular conductors, Figure 2. nter-/intra-molecular M(Pc)L. interactions.
more specifically their inherent correlation effects which are of importance for future
multifunctional conducting materials.

As appropriate representative model compounds for this study, we have synthesized
partially-oxidized salts of Co™ and Fe" phthalocyanines with axial cyamde chloride, and
bromide, with tetraphenyl- phosphonium (TPP) as counter cation - \
TPP[Mm(Pc)Lz]z - via multi-step and single-step procedures. The
resulting crystal structure reveals one-dimensional formation of
M(Pc)L, along with TPP which also forms in single profiles
in-between the interstitial spaces (Figure 3). Intermolecular overlap ’
between M(Pc) units takes place among their two adjacent benzene
rings (Figure 4). The axial ligand thickness (bulkiness) is a key
factor in the effectiveness of the m-m interaction between M(Pc)L, Figure 3. 1-D stacking network
of TPP and M(Pc)L, units.
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units. However, the expected trend in the conductivity (L = CN > Cl

> Br) due to the varying band widths related to the effective n-n overlap caused by the
different axial ligand sizes (Br > Cl > CN) in M(Pc)L, compounds is
observed in the TPP[Com(Pc)Lz]z series (Figure 5a) [2]. As for the . ... 2%
TPP[Fe"'(Pc)Ls], series, an unusual conductivity profile is observed “{ b ey XAl
(L = Br > Cl = CN) (Figure 5b). This is thought to be due to factors
relating to the varying n-d interactions in the system — a phenomenon
which can be attributed to the interaction between conduction
n-electrons of the Pc and localized d-spins of the central metal, and
the effect of the chemical species of the axial ligands on the Pc-metal Figure 4. Inter-M(Pe) overiap.

\overlap

10* ‘ J[ n-d system.

10? , The first chapter presents a general introduction of
. Co series W

molecular conductors and other related aspects deemed
important in the creation of functional molecular materials
thereby establishing the groundwork of this study. This is
followed by a more specific overview on phthalocyanines
and its derivatives, and their special attributes which serve as
case-in-points for making them the target research subject,
thus substantiating the importance of this study.

Chapter 2 includes details on the syntheses, chemical
and physical characterization of partially-oxidized
non-magnetic  cobalt (3d8)-centered  axially-ligated
phthalocyanines. Synthetic methodologies (multi-, and
single-steps), physico-chemical characterizations such as
electronic, magnetic, thermoelectric, and optical results are

107 fe s e presented in details; as well as semi-empirical calculations.

e This chapter primarily deals with the effect of tuning the

Figure 5. Electrical resistivity profile.  golid-state molecular arrangements (m-m interactions),

particularly, the effectiveness of the n—m overlap and its correlation with the conduction band
width which modulates the electrical conducting property of the system.

Chapter 3 describes the syntheses and characterization of partially-oxidized Fe(Pc)L,
system. This part discusses the consequence of lower electrical conduction as a result of the
introduction of local spin in the Fe(Pc)L, system through the magnetic Fe center. Basing upon
the model established from Chapter 2, a significant finding revealed that the nature of the
conduction bands were unmodified despite the drastic differences in the resulting electrical
conductivities. This detail has allowed the reasonable elucidation of the vital factors that
influence the variations in the physical manifestations of the magnetic Fe and non-magnetic Co
series — the nature of the m-d interaction, and its physico-chemical interrelations. Herein,
comprehensive experimental results (structural, electrical, magnetic, opto-electronic) are
correlated with theoretical concepts and quantum chemical calculation data, to thoroughly
explore the mechanisms brought about by the molecular and electronic interactions of the
varying axial ligand field energies, intramolecular 7-d, and intermolecular 7- factors. This
chapter also emphasizes on the 51gn1ﬁcant contributions of this study in materials science
applications, the most important of which is the ability to create, design, and modulate highly
conducting molecular conductors with giant negative magnetoresistance.

Chapter 4 wraps up the work by stating the summary, conclusion, and future prospects
of the study.

p/Qcm
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EEMESTRESIMERTHE LBV ETFHENSE T, REROELBEND Z 0 0MMRZEOMHEL L T
BEHENTEY., I-FHEMERRE LERIITONL TV, B rBEFROEBYE I\ ZHMA 4 224
L THLNS, BEBET— AV N ERETIHEERATDIR (nd R) FREEBRBENTEY .,
TSRS, BRAPENRHEENTWS, KAXT., F0OL57%nd FEEOERERL LT, KBHR
TR RENMNFTHDH 7 7=y (Pc) OEMEMESBIEERICER L, BB FOBRNEEX D -1 M
HYEA., n-dHHEER~OEEEH. (BX) EEHHESIEZ BELEFRICONTERLRLTWS,

SHDOEBA A ERLE L, T EOBMENF (L) %2287 =4 eEE (MU(PoL,]) %, L
=CN TIREETHDMB, L=Cl, BrDBE, BRPCTERRIGEEZ LT, BEEAXREZEI O3
BRBN F 2 BRI L VRBBEICTILENRH B, L=Cl, Br CITEEN FERIEZ SO, 20D
BRICIIRBMLETH D, EEIL., BHEBOERBR LI > TEKBICERNY TH D —ED—KRITHS B
1k TPPIM"(Pc)L.,, M = Co, Fe, L =CN, Cl, Br, TPP = tetraphenylphosphonium)*# % % Z L IZpkE L TV B,
IORBIIBEAMOFEERARTOELLOEN, EHEIX LICERAEE. M'Po. 2HBEFERE LT, —
BB TEMMESIFELZTZICHERELTWS, BIARYME LTHEHS PR LAERTS -
W, BEROBRBZOFECHIMEERTHIRERZDIENEFICLIVALMIZIENATVS,

BoNTRERBIETRE TH S Z LB XBHEERITIC X R S SEALF OEV D Pc ROMEXTRIELE O
W TNEELCIRDZZ Dm0, FHMESERBA A+ THD Co R LEROEHE. BEBREDEREE
(LR AR MADPGRELOND n-n BEEADOKE SOIEF)., EREEMEOBEBVZZOEERBE
NHIZERRHENTWS, —FH,. M=Fe TIIHRLERVBMRE—A L MEREOT LI HD, n-nHEME
BoXKE XDIEFD, ERECEEOBEVIZESRKBRINRZNVI EBRENT, Fe ROBEEMMITITL dspin &
CEETOHEERAGLES T2 L0, #MENFERY »-d HEERICKEREEE 5252 LBRE S
ns, BILEBOBEELORE T L=CN OFE, 20K I KEMEEEERZ T TRERR LN DD,
L=Br Tid. ZNMB I0KUTETET T2 LAREaN, TORFEILFe LOREBRE—A L M
EFRENLTHAEERALEERBENATWD EE 2060, > T, L=CN X~ L=Br Clin-dfHEEA N

— 1504 —



MELR2TRBZ BB ST, ER, BIEADRZAET L. FOoRELERRADHBSIES »
YD, EORESIIL=Br TIE L=CN D 70%BEICHD LTHEY, ZOHAEBORSETT D &A%
Mof, BT, HFERNLSFHEHENLL, dé nDTXLX—EN L=BrOFAL=CN L9t k&
O BFUARALTOr-d BEEROKRE SARER LSV TENIMMEICRM SN S Z & BShot, 7=,
Fe RITIBICK & RHERR ST L BEERPDROBRF L TTR, ThbDF LU TORISHAMENRR
BRINIEBERTHDI LR, nETFRPBLENTVRVEERERDOEF X L EBEIEIC L T 63
LTW3,

ULEHIZ, 75us 7202V, BEMF2ERLE—EO—KTHIBERSSE. 20EE -
YHERRZITOER ENDREREER TV D, iz, FRXONEO—I B EREAIT R 5 2 LM I
BRIN, BOFHELZRITTVD, JoTHEEE-RIEENREL (BE) OBUE SR+ ER %
HETHHLDELBHB,
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