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A novel soluble hyperbranched polymer with copper
phthalocyanine (CuPc) was successfully prepared by copper
fusion technique of 1,2-bis(3,4-dicyanophenoxy)benzene and
CuCl. The structure of copper phthalocyanine-containing hyper-
branched polymer confirmed by IR, UV–vis absorption spectra.
This polymer showed good solubility in DMF, DMAc, and high
thermal stability.

Phthalocyanines (Pc) have become one of the most exten-
sively studied classes of materials owing to their unique struc-
ture, their extremely high thermal stability, and their potential
for commercial exploitation.1 Copper phthalocyanine (CuPc) is
widely used as an hole-transport layer (HTL) and buffer layer
in organic light-emitting diodes (OLEDs). One method of some
commercial significance for the manufacture of CuPc involves
the reaction of phthalonitrile (benzene-1,2-dicarbonitrile) with
copper metal or a copper salt at elevated temperatures either in
the melt phase or in high boiling solvents. This phthalonitrile
route to CuPc reported initially by Linstead and co-workers,2,3

has been the subject of a number of investigations,4,5 and
attempts have been made to explain the reaction sequence by
which the phthalocyanine system is constructed from individual
phthalonitrile units.6 But most CuPc derivatives are used as
vapor-deposited thin films, or composite materials dispersed
in polymer binder, because of their insufficient solubility in or-
ganic solvents. The solubility or processability of the CuPc could
be improved by introduction of the flexible units such as phenyl
alkyl groups or ether linkages at exterior of CuPc ring system.7–9

Hyperbranched polymers have received much attention in recent
years, because of their unique architecture. These polymers
show attractive properties such as low viscosity and excellent
solubility in organic solvents,10–12 and prepared by one-step
polymerization of ABx monomers, thus seem to be suitable for
large scale production. As compared to their linear analogues,
various functional groups can be introduced into their structures
to create new functional polymeric materials.13 In this paper, we
report the synthesis of a novel soluble copper phthalocyanine
containing hyperbranched polymer starting from 1,2-bis(3,4-di-
cyanophenoxy)benzene and CuCl. The monomer was designed
to enhance the solubility of corresponding polymers by not only
introduction of flexible ether units in the backbone but also intro-
ductions of ortho disubstituted structure. As shown in Ref. 14,
catechol and 4-nitrophthalonitrile were allowed to react through
nucleophilic substitution in the presence of potassium carbonate
to give 1,2-bis(3,4-dicyanophenoxy)benzene in 64% yield. The
structure was assigned on the basis of NMR, IR spectra.15 All
of the peaks in the NMR spectra were well-assigned to estimated
structure. The IR spectrum showed characteristic absorptions
corresponding to the 2230 cm�1 of –CN and no bands at around

1542, 1392 cm�1 assignable to the –NO2 of 4-nitrophthalonitrile
and 3400 cm�1 assignable to –OH of catechol. Melting point
was 191 �C (measured by DSC, lit. 188–189 �C).16

Copper phthalocyanine-containing hyperbranched polymer
(1) was prepared by copper fusion technique2,3 as follows
(Scheme 1).17 Structure of 1 was identified by IR, UV–vis
absorption spectra. The IR spectrum of 1 showed characteristic
absorptions corresponding to the 1771, 746 cm�1 of CuPc
and 2231 cm�1 of –CN.18 At the result of solubility test, 1 was
soluble in DMF, DMAc while CuPc itself was not soluble in
these solvents. The UV–vis absorption spectra of 1 has peak at
611 and 678 nm which was the same as derivative CuPc peak8

(Figure 1). It means that CuPc is successfully introduced in
hyperbranched polymer chains.

The result of gel permeation chromatography (GPC) meas-
urement of 1 showed that weight-average molecular weight
(Mw) was 12:8� 103, and Mw=Mn was 1.37 with detector
(Refractive Index) against PS standard. The thermal properties
of 1 was examined by thermogravimetry analysis (TGA). It
showed excellent thermal stability, the 10% weight loss was at
371 �C (Figure 2).

Contents of CuPc unit in 1 was calculated based on the fol-
lowing observation. Quantitative analysis is based on the appli-
cation of the BEER-LAMBERT LAW, which is given by
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Scheme 1. Synthesis of copper phthalocyanine-containing
hyperbranched polymer.
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Figure 1. UV–vis absorption spectra of copper phthalocyanine-
containing hyperbranched polymer.
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A ¼ acl ð1Þ
where A is absorbance, a is absorption coefficient (L g�1 cm�1),
c is the concentration of the solute (g/L), l is the path length of
the sample (cm).

If the monomer ideally reacted with CuCl, the structure of
the repeating unit is shown as below (CuPc unit). a value of
CuPc unit in this structure was calculated as a ¼ 205 using
molecular weight of CuPc unit and CuPc a (281 at 678 nm19).
Hyperbranched polymer a obtained in this study was found
as a ¼ 36 at 678 nm (Figure 3). CuPc unit contents in hyper-
branched polymer calculated using the equation bellow.
We have approximated disassociated CuPc at about 17%, in
all about 20% or more of CuPc is contained in the hyperbranched
polymer.
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In conclusions, copper phthalocyanine-containing hyper-
branched polymer was synthesized starting from 1,2-bis(3,4-
dicyanophenoxy)benzene and CuCl. This polymer showed high

thermal stability and good solubility in DMF, DMAc. This poly-
mer is expected as good solution processable materials for hole-
transport materials and buffer layers in OLEDs as well as other
microelectronics fields.
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Figure 2. TGA spectrum of copper phthalocyanine-containing
hyperbranched polymer in air.
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Figure 3. a of copper phthalocyanine-containing hyper-
branched polymer.
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