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Microwave synthesis of metal phthalocyanines under

solvent-free conditions
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An efficient microwave processing has been devel-
oped for the synthesis of metal phthalocyanines (MPc:
M = Cu, Mn, Al, Co and Zn) through the condensation
reaction of phthalic anhydride and urea with various
metal chlorides in the presence of ammonium molyb-
date catalyst under solvent-free condition using mi-
crowaves, as a green chemistry procedure.

Phthalocyanines have been intensively investigated
since the first synthesis in 1907, and extensively used as
blue and green dyestuffs due to their unique properties
of being very stable against thermal or chemical decom-
position and very intense optical absorption in the visi-
ble region [1, 2]. Recently, their use as a photoconduct-
ing material in photocopying machines has provoked
research in various fields of sensor, electro-chromic
display devices, photovoltaic cells, xerography, semi-
conductor, catalysis, nonlinear optics, etc. [3–5].
Specificity in their applications can be introduced by
the modification of large and flat π -conjugation system
of phthalocyanines and the change of central metals
[6, 7]. Phthalocyanines can be obtained by the classi-
cal template reactions starting from diverse precursors,
such as phthalonitrile, dicyanobenzene, cyanobenza-
mide, phthalimide and phthalic acid, with metal salts
in high-boiling nonaqueous solvent at elevated temper-
ature as shown in an Equation 1 [8, 9].

(1)

Microwave processing has attracted potential as an
alternative to classical thermal processing because of
the inherent advantage of microwave heating, which is
selective, direct, rapid, internal, and controllable [10–
12]. In many organic syntheses, the microwave pro-
cessing has been used in combination with solvent-
free condition to improve organic synthesis, leading to
shorter reaction time, higher yield, and easier work-up
than the classical thermal processing [13–16]. The ac-
celeration of reactions by microwaves can result from

material-microwave interaction leading to thermal and
non-thermal effect; the thermal effect caused by mi-
crowaves is mainly due to dipolar and ionic polariza-
tion, although conduction losses can also be important
at high temperature. The non-thermal effect associated
with microwaves may be due to the increase of probabil-
ity of molecular impact, the decrease of activation en-
ergy, and the intervention of localized microscopic high
temperature. Despite the abundance of reported data on
synthesis of phthalocyanines, there is no information in
the available literature on the use of microwave process-
ing to obtain phthalocyanines in the condition of use of
urea and phthalic anhydride as the cheapest phthalo-
cyanine precursors. In this paper, we described a facile
three-component and one-pot condensation reaction of
various metal phthalocyanines using microwaves un-
der solvent-free condition, which was adaptable for the
synthesis of new phthalocyanine derivatives.

Phthalic anhydride (Junsei Chemical Co.), urea
(Katayama Chemical Co.), metal chloride (Katayama
Chemical Co.), and ammonium molybdate (Junsei
Chemical Co.) were used as supplied. The general pro-
cedure employed for syntheses of various metal ph-
thalocyanines was described as; 42 g of phthalic anhy-
dride, 49 g of urea, and 7 g of metal chloride with 0.1 g
of ammonium molybdate as a catalyst were charged to-
gether into a 3-neck reaction flask. The reaction flask
was placed in a microwave synthetic unit fitted with
a modified thermocouple, a reflux condenser, and a
motor-driven stirrer. Reactant was uniformly mixed
and gradually heated up to 120 ◦C with heating rate of
5 ◦C/min, and then heated to between 170 and 230 ◦C
with heating rate of 2 ◦C/min. It was maintained at those
temperature ranges for 0.5 to 4 h with the stirring speed
of about 100 rpm. Reaction product was washed with
methyl alcohol. After filtration, it was acid-treated for
1 h by 100 ml of 0.02 M H2SO4 solution, alkali-treated
for 1 h by 100 ml of 0.02 M NaOH solution, then
washed with hot distilled water until washing solution
became neutral. After filtration, it was dried at 105 ◦C
over 24 h in a dry oven, whereupon final product was
obtained.

To find effective reaction condition for the synthe-
sis of metal phthalocyanines, the effect of reaction
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Figure 1 SEM pictures of metal phthalocyanines (MPc: M = Cu, Mn, Al, Co and Zn) synthesized at 230 ◦C for 2 h using microwave irradiation
under solvent-free condition ((a) CuPc, (b) MnPc, (c) AlPc, (d) CoPc, and (e) ZnPc). (Continued )
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Figure 1 (Continued ).

temperature and time on the synthesis of copper
phthalocyanines was examined at solvent-free condi-
tion under microwave irradiations. The data presented
in Table I clearly showed that phthalic anhydride and
urea reacted effectively with copper chloride in the

T ABL E I Yield and purity of copper phthalocyanines synthesized
at various conditions using microwave irradiation under solvent-free
conditions

Reaction temperature Reaction time Yield Purity
(◦C) (h) (%) (%)

170 2.0 73 94
190 2.0 77 94
210 2.0 82 95
230 0.5 76 94
230 1.0 77 94
230 2.0 81 95
230 4.0 81 95

presence of ammonium molybdate at various temper-
atures for various times without using the solvent as
medium of heat transfer. Therefore, the yield of copper
phthalocyanines, ranging from 73 to 81%, increased be-
low 210 ◦C and did not further increase above 210 ◦C
for given time of 2 h with increasing reaction tem-
perature. Also, the yield of copper phthalocyanines
increased with increasing reaction time at the fixed
temperature of 230 ◦C.

From above results, the syntheses of metal phthalo-
cyanines (MPc: M = Cu, Mn, Al, Co and Zn) were
conducted at 230 ◦C for 2 h with solvent-free condi-
tion under microwave irradiations. The data presented
in Table II clearly showed that metal phthalocyanines
were synthesized successfully in good yield, ranging
from 62 to 81%. The yields of metal phthalocyanines
were different according to the kind of metal. SEM
pictures shown in Fig. 1 illustrated that morphologies
of metal phthalocyanines were quite different from the
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T ABL E I I Yield of metal phthalocyanines (MPc: M = Cu, Mn, Al,
Co and Zn) synthesized at optimum conditions using microwave irradi-
ation under solvent-free conditions

Reaction temperature Reaction time Yield
Metal (◦C) (h) (%)

Cu 230 2 81
Mn 230 2 78
Al 230 2 69
Co 230 2 64
Zn 230 2 62

kind of metal. It was due to different reactivity of metal
chloride during reaction. As above results, it was as-
sumed that microwave process under solvent-free con-
dition can be expected to produce more-efficient and
clean synthesis of metal phthalocyanines by lowering
the activation energy required the reaction between the
reactive species shown in Equation 1 due to intense
internal heating, together with differential polarization
effect [14].

In conclusion, the present three-component one-step
procedure described in this paper demonstrated that mi-
crowave processing combined with solvent-free condi-
tion leads to shorter reaction time, higher yield, clean
reaction product and easier work-up than classical ther-
mal processing. It was thought that our work is a further
example of the commercial application of microwaves
for organic synthesis.
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