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Introduction. z-Conjugated polymers have been
promising advanced material candidates for more than
2 decades.! Well-defined molecular structures have been
realized using efficient organic synthesis tools, aiming
at generating various polymer-based electrical or optical
properties.? Carbazole-containing polymers, especially
those with carbazole as the pendant unit or copolymers,
have been extensively investigated due to their hole
transport ability, photorefractive, and high-temperature
dielectric properties.® However, the research on the
carbazole main-chain homopolymers still remains lim-
ited because both the chemical and electrochemical
syntheses resulted in products with low molecular
weight or poor solubility.* In this communication, we
report the successful synthesis of carbazole main-chain
homopolymers with high molecular weights by applying
the reverse addition order of a nickel catalyst based on
the well-established Yamamoto coupling method?2 and
some preliminary studies of their thermal and optical
properties. This result may provide a novel kind of
material candidate for the future evaluation of lumi-
nescent, electrochromic, photorefractive, or chemical
sensing materials. The simple alteration of the Yama-
moto method may lead to a general and more efficient
means of preparing other types of sw-conjugated poly-
mers, especially when the molecular weight of the
polymer plays an important role in the properties and
performance of some devices based on that polymer.

Results and Discussion. As shown in Scheme 1,
N-alkyl-3,6-dibromocarbazoles were synthesized from
3,6-dibromocarbazole (Aldrich) upon reaction with po-
tassium carbonate and bromoalkanes in anhydrous
N,N-dimethylformaldehyde (DMF) at 50 °C in 80—90%
yields. Polymerization was carried out by the Yamamoto
coupling reaction? using the zerovalent nickel reagent,
bis(1,5-cyclooctadiene)nickel(0) (Ni(COD),) (Kanto), in
the presence of 1,5-cyclooctadiene (COD) and molar
equivalent of 2,2'-bipyridyl (Bpy) at 60 °C. The synthetic
data and molecular weights of the polymers are sum-
marized in Table 1. All the monomers and polymers
were confirmed by NMR spectroscopies and elemental
analyses (see Supporting Information).

The difference in the addition order of the monomer
and the nickel reagent was found to be the key in
determining the molecular weight of the resulting
polymers. The normal addition order, order A, i.e.,
adding monomer to the nickel reagent solution, resulted
in a low molecular weight (M,,) of several thousand.
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Table 1. Synthesis and Characterization of
Polycarbazoles?

polymer order vyield (%) MyP (x103) MgP(x103%) PDIP
PDC-1 A 85 2.6 1.7 15
PDC-2 B 61 91.0 53.4 1.7
PDOC B 67 120.0 84.2 1.4

2The ratio between the monomer and Ni(COD), is 1:1.2.
b Molecular weights and polydispersity index (PDI) were estimated
by size exclusion chromatography against polystyrene standards.
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Figure 1. Optical properties of PDC. Solid lines: in THF,
1.7 x 1078 M. Dotted lines: thin solid film cast on quartz
substrate from chloroform solution. Excited at 320 nm; the
quantum yield in dilute solution was calculated in an integrat-
ing sphere with quinine sulfate as the standard.

However, the reverse order, order B, i.e., slowly adding
the hot nickel reagent into the monomer solution, gave
a high M,, of around 100 000 (Table 1). It is known that
the oxidative addition (insertion of Ni(0) into the C—X
bond), the disproportionation between the formed ad-
ducts, and the reductive elimination of the Ni(ll)
compound are the successive fundamental reactions
during the polymerization using the Ni(0) reagent.® The
complexes such as X—Ar—Ni(X)Lm,® X—Ar—NiLn—Ar—
X,” and even Ly(X)Ni—Ar—Ni(X)Ln® when the C—X
bond has high stability (X = halogen; Ar = arylene; L
= coordination ligand; m = the number of ligands) can
be isolated. It was postulated that the common addition
order A resulted in the preferential formation of the L-
(Br)Ni—Ar—Ni(Br)Lm complex compared to the reverse
order B due to the high ratio between the Ni(0) reagent
and the monomer during the initial state (Scheme 2).
This dinickel-substituted complex has less stability than
the other two species,® resulting in the easy decomposi-
tion or hydrolization on one or both sides. Consequently,
the termination of the propagation of the polymer chain
would occur. The concept of avoiding the formation of
the dinickel-substituted complex could be applied to the
preparation of other sw-conjugated polymers with high
molecular weights.

The high molecular weight polycarbazoles, PDC-2
and PDOC, have good solubilities in common organic
solvents such as chloroform, tetrahydrofuran (THF),
toluene, dichloromethane, and 1,2-dichloroethane. These
polymers also show good film-forming abilities, which
make them easily fabricated into thin films using either
spin-coating or simple solvent-casting techniques. Fig-
ure 1 shows the UV—vis and photoluminescence spectra
of PDC-2 in THF solution and in a solid film prepared
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Scheme 1. Synthesis of Polycarbazoles
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Scheme 2. Proposed Mechanism for the Chain Propagation and Termination of Polycarbazole
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by the solvent-casting method. In dilute solution or in
the thin solid film, PDC-2 exhibits an absorption
maximum at 320 nm. PDC-2 shows a fairly intense blue
photoluminescence at 420 nm in THF with about a 15%
guantum yield. A large Stokes shift of about 100 nm
indicates a large difference in the structures between
the ground and excited states. In the solid film, PDC
exhibits a broad emission band with an extreme value
at 490 nm. The existence of a sideband at around 420
nm indicates a different origin of the broad band, which
was supposed to have originated from the interchain
excimer emission, probably due to the proximity of the
polymer chains and the high crystallinity in the solid
sate.®

Differential scanning calorimetric (DSC) and ther-
mogravimetric analyses (TGA) were carried out to
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determine the thermal transition and degradation
behavior of the polymers. The DSC measurements
showed a glass transition temperature of 142 °C for
PDC-2 and 151 °C for PDOC. Both PDC-2 and PDOC
showed a high thermal stability based on the TGA
measurements. The 5% weight loss temperatures of the
polymers during heating runs were 430 °C for PDC-2
and 400 °C for PDOC.

Conclusion. The high molecular weight poly(N-alkyl-
3,6-carbazole)s were successfully synthesized for the
first time using a reverse addition order for the zerova-
lent nickel reagent based on the Yamamoto coupling
reaction. This method could be applied to the prepara-
tion of other polymers when using similar organome-
tallic polycondensation reactions. The obtained polycar-
bazoles possess good solubility, film-forming ability,
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thermal stability, and moderately high photolumines-
cence efficiency. These advantages together with the
presence of nitrogen atoms in the backbone, which may
possess activity for interaction or derivation, make this
class of conjugated polymers promising candidates for
advanced material research.
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